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Fertilizer research in 2019 continued a focus on remote 
sensing of nitrogen status. Two methods are proving 
to be useful tools to determine when a top-dressed 
nitrogen application is needed. Other work on this project 
examined the potential for early season nitrogen loss 
through denitrification and as nitrous oxide. Experiments 
showed that 20 to 25 pounds/acre of fertilizer nitrogen 
can be lost through early season drainage events. Work 
also continued on fine-tuning the practice of alternating 
wet and dry conditions known as AWD. Read about this 
work 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 delivered near-perfect weed 
control with great crop safety. Thirteen separate 
studies in 2019 evaluated different formulations and 
new active ingredients in continuously flooded rice 
systems. Clomazone has been used to control bearded 
sprangletop since 2004. However, its continuous use 
in some fields has resulted in resistance by certain 
populations of this weed. A survey helped pinpoint areas 
where this is a problem. This work is reported in Weed 
Management in Rice.

Scientists have been working with the industry since 
2016 on weedy rice. A total of seven biotypes of weedy 
rice have now been identified. Soil sampling from rice 
fields shows that growers who have taken steps to 
reduce infestations tended to have lower seed counts. A 
competitiveness study has shown that all weedy biotypes 

California’s public rice breeding program is conducted 
and managed by scientists at the Rice Experiment Station 
(RES). The program has made 51,439 crosses and 
released 51 improved public rice varieties in 11 different 
market classes since its inception in 1969. Foundation 
seed headrows were grown for breeder seed of A-202, 
Calaroma-201, M-210, M-104, and Calamylow-201 in 
2019. Headrows of experimental line 10Y2043, released 
as S-202 in early 2019, as well as headrows of 12Y2175 
(M-211) and 14Y1006 (L-208), approved for foundation 
seed increase, were also grown. Read about the intensive 
work involved for new variety development in the Rice 
Breeding Program section.

Testing of promising experimental lines takes place at 
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.

Geneticists continued research to select genes 
associated with reduced uptake of arsenic in rice. 
Progress has been made with experimental lines that 
could prove helpful in the development of rice varieties 
with reduced grain arsenic. Two experimental lines also 
demonstrated high stem rot tolerance. This work is 
reported in Genetics for Rice Improvement.

A new project examined ways to treat rice seeds to 
improve early plant growth. This could lead to multiple 
advantages in the rice crop. Read about this promising 
research in Treatment of Rice Seeds for Early Growth.

California Rice Research 
Board Chairman 

Drew Rudd 

Welcome to the 51st Annual Report to the California Rice Growers.  In the following pages, 
we report on grower funded research from 2019 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 and remote sensing, invertebrate pest control and insect monitoring, water use efficiency, 
environmental concerns, and studies examining rice byproduct utilization. 
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have a significant effect on M-206, including aboveground 
biomass, panicle weight and number, and yield per plant. 
This research is reported in Weedy Rice Control. A related 
study is reported in Evaluating the Potential for Aerial 
Imagery to Detect Weedy Rice.

Within the past six years, a number of new weed 
species have been identified. The range of some of these 
species is unknown. Since the last weed survey was 
conducted in the 1980s, a project was initiated to provide 
the industry with more current information. Survey results 
are pending. 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 2019 eight fungicide trials were conducted—five 
in Butte County, the others in Colusa, Glenn, and Sutter 
counties. In general, results indicate that reduction in 
stem rot, aggregate sheath spot or blast incidence and 
severity can be achieved with applications at midboot 
stage. Also a rice disease survey took place to authorize 
a burning program for 2020 to 2024. 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. Most growers and pest control advisers no 
longer consider RWW a key pest. Control studies have 
also become more challenging as a result. Armyworms, 
on the other hand, have become an increasing concern. 
Use of pheromone traps to improve detection has 
expanded the last two years.  More frequent trap 
monitoring and use of other types of traps could also 
better time scouting and treatment needs.  More testing 
also is needed to improve insecticide efficacy. A simulated 
defoliation study took place at the Rice Experiment 
Station, demonstrating impacts to panicle emergence 
and heading at different levels of damage. This, and 
related research, is reported in Protection of Rice from 
Invertebrate Pests.

Research on how rice pesticides degrade in the 
environment focused exclusively in 2019 on the the 
insecticide Coragen® (chlorantraniliprole), registered in 
California as a preflood treatment to control rice water 
weevil. Studies concentrated on simulated California rice 
field conditions and produced results suggesting that 
it may accumulate in soil because it degrades slowly. 
Read about this research in Environmental Fate of Rice 
Pesticides.

In work examining arsenic uptake during cultivation, 
researchers analyzed some of the minerals present in rice 
roots. Minerals that may bind easily to arsenic were found 
in the most intense AWD treatments. They also evaluated 
the potential for using magnetic biochar to remove metals 
from soil. Read about this research in the section Arsenic 
Speciation in Rice and the Environment.

Another project completed its previous work on 
water use in California rice systems, with three areas of 
accomplishment—a crop development model, quantifying 

salinity, and a better understanding of seepage and 
percolation rates. Attention 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. Data are presented on shifts in rice acreage and 
other crops. Read more in Identifying Opportunities for 
Improving Water Use Efficiency.

Engineers made improvements to a real-time insect 
monitoring and detection system for use in rice storage 
facilities. Research in 2019 focused on improved 
handling, convenience, effectiveness, and accuracy, as 
well as reducing energy use. Testing in the laboratory and 
at a rice storage facility were very positive, but further 
refinements are needed before scaling up to commercial 
application. Read about this research project in Insect 
Monitoring and Early Detection System for Rice Storage.

An ongoing project studying the conversion of rice 
straw components into nanomaterials and advanced 
functional products continues to produce impressive 
results. A diverse array of nanocelluloses have been 
fabricated, and a number of patents have been filed 
to facilitate technology transfer. This work is reported 
in Novel Nanomaterials and Performance Industrial 
Products.

A project at Chico State is studying potential 
applications for rice straw and hulls—one for an 
automotive interior part and the other for plastic bags. 
Addition of rice straw and hulls significantly improved 
properties of both the auto part and plastic bags. Read 
about this research in Potential New Uses for Rice Straw 
and Hulls.

There is a great deal of interest in the potential for 
using rice-based ashes in concrete to fill a growing need 
in the construction industry and to help meet carbon 
emission reduction requirements. Research examined 
different leaching methods to remove unwanted alkali 
metals from rice-based waste. To determine the benefits 
and constraints affecting economic feasibility, an industry 
survey revealed some of the concerns of bioenergy 
facilities, hullers, straw balers and concrete suppliers. 
Read more in Feasibility Assessment for Use of Rice 
Straw Ash in Concrete. 

That’s a quick summary of grower funded research 
from 2019. With 50 years of progress behind us, it’s 
exciting to contemplate what the future holds and what 
the rice industry will look like at 100. Your support of 
the work the Rice Research Board invests in every year 
is crucial. As the world grapples with the realities of a 
pandemic, there’s no doubt about the essential role 
that California agriculture plays. The rice industry is an 
indispensable part of our food security, and we take pride 
in our work. Wishing you all the best for another safe and 
productive year in rice country.

—Andrew Rudd, chairman



Rice Breeding Program

Our Thanks to a Steady Hand
Rice Experiment Station Director Kent McKenzie will be retiring in 
December 2020 after many years at the helm of California’s premier 
rice breeding program. He joined RES in 1988 and soon took 
leadership for the short grains and premium quality project. He 
became RES director after the sudden passing of his predecessor, 
D. Marlin Brandon, in January of 2000. McKenzie is proud of his 
role in keeping RES on course the last 20 years and is grateful 
for the unwavering support of the growers and the California rice 
industry. 

“I feel very fortunate that for the last 32 years I have been able to 
participate in the RES Rice Breeding Program, which has released 
some 30 new rice varieties and brought improved yield, quality, 
disease resistance, and market types,” he said. “I was not the 
lead breeder for most of those releases but did support them as 
a member of the program, in their intellectual property protection, 
and in seed production.”

Thank you, Kent. We wish you all the best in retirement!

Cynthia Andaya is in charge of the DNA marker 
laboratory and the grain quality lab. The lab supports 
all breeding projects with marker-aided selection, 
genotyping, and DNA fingerprinting. 

Director Kent McKenzie oversees administration of the 
Rice Experiment Station, providing logistical support and 
guidance on variety releases, market evaluation, funding, 
and recommendations to the board of directors. He also 
has provided leadership in the discovery and evaluation 
of novel sources of herbicide resistance.

Breeding nurseries
The breeding nursery in 2019 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 1,231 crosses were 
made in 2019, bringing the total to 51,439 since 1969.

Drill-seeding of second generation populations was 
done on May 4 and 5. Drill seeding of seed maintenance 
was done May 13 and 14. Water-seeding of progeny 

The rice breeding program’s primary research 
objective is the development of high-yielding, superior 
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 participates in the medium grain program. She 
temporarily has taken charge of rice disease screening 
and quarantine of introductions.

Shyamal Talukder leads the long grain program. He 
also participates in medium grain breeding and is the 
liaison to breeding programs in the Southern U.S. and 
handles screening of the Uniform Rice Regional Nursery.  

Rice Experiment Station scientists
Kent McKenzie, director
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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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 15 public varieties and three 

experimental lines were produced on 132 acres at the Rice Experiment Station (RES) in 2019.
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rows, preliminary yield tests, advanced yield tests 
and other breeding lines started on May 13 and were 
completed on May 24. 

A total of 274 entries were evaluated in the advanced 
yield tests and 871 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 37,589 water-seeded 
pedigree rows, 631 drill-seeded second-generation 
plots, and 15,015 drill-seeded seed maintenance rows.  
Headrows of 12Y2175 and 14Y006, proposed for release 
in 2020, were also grown for foundation seed increase. 

Crosses made in early spring 2019 were grown during 
the summer at RES to produce second-generation seed. 
Crosses made in summer were planted in the Hawaii 
winter nursery or in the RES greenhouse to accelerate the 
selection process. 

The 2019-20 winter nursery consisted of 7,280 regular 
rows and 521 transplanted rows. The rows were dry-
seeded November 5 and 6. Seedlings were transplanted 
December 10 and 11. Selection in the Hawaii nursery 
took place in March. Harvested seeds are to be planted 
in the 2020 breeding nursery at RES.

The 2020 San Joaquin cold tolerance nursery was 
planted in cooperation with a local rice grower. The three-
acre, drill-seeded nursery included 3,840 rows and 444 
second-generation plots.  

Foundation seed headrows were grown for breeder 
seed of A-202, Calaroma-201, M-210, M-104, and 
Calamylow-201. Headrows of experimental line 10Y2043, 
released as S-202 in early 2019, as well as headrows of 
12Y2175 (M-211) and 14Y1006 (L-208), recommended 
for foundation seed increase, were also grown. 

The 2018–2019 Hawaii winter nursery consisted of 
7,860 regular rows (including checks), 600 first-generation 
transplanted rows, and seed multiplication plots for 
six ROXY™ lines. The rows were dry-seeded between 
October 30 and November 1. First-generation seeds were 
planted October 30, while seedlings were transplanted 
December 10. Selection and harvest was set for April 
2019, with seed to be returned for processing and 
planting in the RES breeding nursery.

The 2019 San Joaquin cold tolerance nursery was 
planted in cooperation with a local grower. This three-acre, 
drill-seeded nursery included 3,600 rows, and 405 second-
generation plots. Weed control was good, although 
damage from geese caused some stand establishment 
problems. Minimal cold-induced blanking was observed in 
the rows and the second-generation populations. 

Statewide yield tests
Statewide yield tests were conducted in grower fields 
and at the RES in 2019 to evaluate promising advanced 
selections from all three maturity groups—very early, early, 
or intermediate/late. More details can be found in in the 
Rice Variety Trials section of this annual report.

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 comprises 
about half the rice breeding program. A significant portion 
of this project is devoted to premium-quality medium 
grains.

The main goal of the medium grains breeding project 
is to develop new rice varieties with high, stable grain and 
milling yields without sacrificing the excellent grain quality 



of the Calrose varieties. Breeding materials are planted 
mostly by hand at the RES breeding nursery the second 
Monday in May, while the second-generation nursery and 
seed maintenance plots are drill-planted in the first week 
of May. Seed increase and generation advance also take 
place at the Hawaii Winter Nursery.

Check variety performance
Calrose varieties in commercial production are used as 
checks in preliminary and advanced yield tests. In 2019, 
these included M-104, M-105, M-205, M-206, M-209, 
and M-210. There was an overall average yield reduction 
in California last year. 

M-105 was the highest yielding variety in statewide 
yield tests at 9,653 pounds/acre. M-209 was the second 
highest at 9,603 pounds/acre average grain yield. For 
the last six years, the yield performance of M-209 has 
been better than M-206 and M-205. M-206 is still the 
most widely grown rice variety in California because of its 
superior adaptability to different environments.

New Calrose medium grain
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 developed as an alternative to M-209 and 
as a replacement for M-205. It has excellent cooking 
characteristics and is close to M-401 premium quality.

The three-year average grain yield was 9,712 pounds/
acre for 12Y2175, compared to 9,196 pounds/acre for 
M-209 and 9,129 pounds/acre for M-206. It performed 
best in Butte, Sutter, Colusa, and Yolo counties. Seedling 
vigor is similar to M-206 and M-209, and it is more 
lodging resistant than M-206.

Milled grains of 12Y2175 are heavier and slightly longer 
than M-206 but slightly shorter than M-209. It is perfectly 
suited for comingling with other Calrose types. 

Head rice yield of 12Y2175 harvested at 18% to 22% 
is 61/67 (head/total), compared to 62/68 for M-209 and 
64/69 for M-206. Head rice yield was lowest when cut at 
moistures below 18%.

Graded for grain appearance characteristics such 
as aroma, taste, and softness by external evaluators, 
12Y2175 was found to be highly acceptable to the rice 
market.

Promising medium grains
Twelve promising lines showed higher yield compared to 
check varieties in statewide yield tests. 

In the very early group, 17Y3158 yielded the highest 
at 10,410 pounds/acre, which is 8.5% higher than the 
top-yielding check variety, M-105, at 9,590 pounds/acre. 
Another line, 17Y3047, registered grain yield of 10,000 
pounds/acre. 

In the early group, 18Y3098 yielded the highest 
at 10,310 pounds/acre, higher than any of the check 
varieties. Line 18Y3102 registered grain yield of 10,090 
pounds/acre at RES and averaged 10,050 pounds/acre 
statewide, the highest in this group. 

In the intermediate/late group, 18Y3215 had the 
highest yield at 10,490 pounds/acre. Other promising 
lines in this group are18Y3292 and 18Y3141.

Long grains
The long grain 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.

Conventional long grains
In conventional long grains, extensive cooking quality 
screening and selection efforts have eliminated the 
majority of texture softness from California long grain 
breeding material. Consequently, the primary focus is on 
milling yield and cold tolerance.

L-206 has been the standard check since its 
release in 2006. It is an early maturing, high-yielding, 
conventional long grain with good cooking quality. L-207, 
released in 2016, is a high-yielding, intermediate height, 
and early maturing variety with Southern long grain 
cooking quality. It is adapted to most areas except the 
San Joaquin region.

A-202 is a conventional aromatic variety released in 
2014 as a replacement for A-301. A-202 heads nine 
days earlier than A-301, is taller, has higher seedling 
vigor, and retains the same flavor sensory profile. Milled 
kernels of A-202 are slightly bolder than A-301. Starch 
characteristics are typical of other conventional long 

Average grain yield and agronomic characteristics of medium grain check varieties grown at the Rice 
Experiment Station in 2019 for the statewide variety trial tests

Variety
Grain Yield
(lbs./acre)

Harvest 
MC %

Seedling
Vigor

Days to 
Heading

Plant Height
(cm)

Lodging
(percent)

M-104 8,890 17 4.9 72 100 20

M-105 9,653 18 4.8 76 101 16

M-205 8,863 18 4.9 83 96 0

M-206 9,133 19 4.9 77 103 33

M-209 9,603 20 4.8 83 100 0

M-210 8,843 18 4.9 75 103 20

6 The 51st Annual Report to the California Rice Growers
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The length of milled 14Y1006 is shorter than L-207 
but longer than L-206. Grain width is narrower than both 
L-207 and L-206. Head rice yield when harvested at 18% 
to 22% moisture was 62/69 (head/total), compared to 
62/69 for L-207 and 58/67 for L-206. Percentage of total 
rice is also higher. 

Internal and external cooking and tasting evaluations 
confirmed the acceptability of 14Y1006 in the long grain 
market.

Promising long grain lines
In addition to 14Y1006, several other promising lines 
produced high yields and have performed consistently 
well for the last four years.

In the very early tests, 17Y1027 had a mean yield 
of 10,450 pounds/acre at RES and 9,260 pounds/
acre statewide. Compared to L-207, it had a 1% yield 
advantage at RES but a 3.5% disadvantage in statewide 
tests. It also registered a 5% to 11% yield advantage 
over L-206, CJ-201, and A-202 at RES and 2% to 6% 
statewide.

This line also performed especially well in the early 
group, both at RES and statewide. It yielded 11,790 
pounds/acre at RES and 11,040 pounds/acre statewide. 
Compared to L-207, 17Y1027 had a 13% yield 

Average grain yield and agronomic characteristics of long grain check varieties grown at the  
Rice Experiment Station in 2019 for the statewide variety trial tests

Variety
Grain Yield 
(lbs./acre)

Seedling 
Vigor

Days to 
Heading

Plant 
Height (cm)

Lodging 
(percent)

Stem Rot 
Score

A-202 9,790 4.8 80 102 6 2.5

CJ-201 9,930 4.8 82 95 1.5 4.0

CT-202 7,180 4.8 83 96 1.3 1.0

L-206 9,770 4.8 77 92 8.8 2.5

L-207 10,750 4.8 81 111 1.5 3.8

grains like L-206 and L-207. It is not recommended for 
cooler regions.

In 2019 statewide tests at RES, grain yield of L-207 
was 10,747 pounds/acre—compared to 9,770 pounds/
acre for L-206, 9,930 pounds/acre for Calaroma-201  
(CJ-201) and 9,790 pounds/acre for A-202. Key 
agronomic performance characteristics of long grains in 
statewide tests are summarized in the table below.

New long grain variety
The advanced conventional long-grain line, 14Y1006, 
an early maturing sister line of L-207, is being released 
in 2020 as L-208. It was evaluated in the three maturity 
groups and compared to L-206 and L-207.

Overall results indicate that 14Y1006 is an excellent 
high-yielding conventional long grain with a 13% yield 
advantage over L-206 in all locations and has a 3.4% 
higher yield than L-207. In statewide tests in 2019, 
14Y1006 yielded 10,340 pounds/acre—compared to 
10,000 pounds/acre for L-207 and 9,190 pounds/acre 
for L-206. Mean heading was 81 days, four days earlier 
than L-207 and two days earlier than L-206. It has shown 
improved lodging resistance, blanking resistance, milling 
yield, and cooked grain texture. It is best suited to the 
warmer rice growing areas of the Sacramento Valley.



advantage at RES and 4.5% statewide. Compared to 
L-206, CJ-201 and A-202, it showed a 19% to 26% 
yield advantage at RES and 13% to 18% yield advantage 
statewide.

In the intermediate/late group, 17Y1027 had slightly 
lower yield than L-207 at RES and a slightly higher 
yield statewide. Compared to other check varieties, it 
had a 9% to 14% higher yield at RES and 8% to 11% 
higher yield statewide. In addition, 17Y1027 exhibited 
no lodging in any RES tests and proved to be better 
adapted to warmer regions.

Another line, 16Y1154, had lower yield (9,010 
pounds/acre) than the checks at RES in very early tests 
but yielded 2% to 6% higher than L-206, CJ-201, and 
A-202 in statewide tests (9,260 pounds/acre). In early 
tests, this line outperformed all check varieties at RES 
(11,130 pounds/acre) and statewide (10,760 pounds/
acre). Compared to L-207, it had a 7% yield advantage 
at RES and 2% statewide. In both RES and statewide 
tests, 16Y1154 had a 10% to 19% yield advantage 
over L-206, CJ-201, and A-202. In the intermediate/late 
group, this line had an average yield of 11,140 pounds/
acre at RES and 10,290 pounds/acre statewide. It also 
produced a 7% to 11% higher yield than L-206, CJ-201, 
and A-202 at RES and statewide. No lodging was found 
in any of the tests at RES.

Short grains
The short grain 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 30% conventional short grains, 
35% waxy, 20% premium short grains, 10% Arborio, and 
5% low amylose.

New short grain variety
S-202, formerly designated as the experimental line 
10Y2043, was released in 2019 for California commercial 
rice production. This new conventional short grain variety 
is a very high-yielding, early maturing, semi-dwarf, with 
glabrous grains. 

S-202 consistently outperformed S-102 and M-206 
in 2019 yield tests, with an overall grain yield of 9,870 
pounds/acre, compared to 8,520 pounds/acre and 
8,970 pounds/acre, respectively. Seedling vigor of S-202 
is comparable to that of S-102, with slightly shorter plant 
height and slightly longer days to flower.

Head rice yield of both S-202 and S-102 averaged 
62% when harvested at moistures greater than 19% and 
dropped to 58% and 54%, respectively, at moistures 
below 17%. Cooking and sensory evaluations taken 
internally and externally for several years indicate an 
overall market acceptability for S-202. The new variety 
also has better cold tolerance.

Because of its outstanding yield potential and grain 
quality, S-202 is an excellent replacement to S-102 but 
may not be comingled with the latter because of its 
significantly smaller grain size.

Short grain yield tests
Experimental lines in nurseries and yield tests are 
compared to standard short grain check varieties:
 • S-102, released in 1996, has been the standard short-
grain check. It is very early maturing, with large seeds, 
pubescent, and has good cold tolerance.

 • Calhikari-202 (CH-202), released in 2012, is the latest 
premium quality variety. It is early, short, pubescent, 
yields higher than Calhikari-201, has better eating 
quality, smaller grains, and higher milling yields. 

 • Calmochi-203 (CM-203), released in 2015, is the latest 
waxy or sweet rice. It is a high-yielding, glabrous, 
early maturing variety released as an alternative to 
Calmochi-101.

 • Calamylow-201 (CA-201) is a low amylose variety 
developed from Calhikari-201. It is an early maturing 
pubescent rice, ideal for making sushi and is the only 
low-amylose rice variety released by RES.

Among the short grain checks in 2019 statewide yield 
tests, S-202 had the highest yield at 10,157 pounds/acre, 
followed by CM-203 at 9,913 pounds/acre. S-102 had an 
average yield of 7,083 pounds/acre, while the premium 
short grain CH-201 and CH-202 yielded 7,483 pounds/
acre and 8,707 pounds/acre, respectively. CA-201 had 
the lowest yield at 6,200 pounds/acre.

Conventional short grains
Released for foundation seed production in 2019, S-202 
consistently yielded higher than S-102 in all three maturity 
groups at RES and statewide. Experimental line 18Y117 
is promising and yields higher than either check in the 
very early group at RES. This line also preformed well in 
statewide tests with an average yield of 9,400 pounds/
acre in the very early group, 10,020 pounds in the early 
group, and 9,550 pounds/acre in the intermediate/late 
group. It has excellent adaptation to all rice growing areas 
of California. Overall, 18Y117 is better than S-102 but 
yielded less than S-202 in the early and intermediate/late 
tests. 

Specialty short grains
Premiums—Two lines were entered into statewide 
evaluations in 2019. Line 15Y2112 has been in yield tests 
since 2015 and continues to perform well. Its average 
yield ranged from 9,020 pounds/acre in the RES early 
group to 9,650 pounds/acre in the RES very early group. 
It performed better than CH-201 and CH-202 in the very 
early and early groups but is only comparable to CH-202 
in the statewide intermediate/late group.

The experimental line 17Y2087 is another promising 
premium quality short grain rice. It performed well in the 
very early group with an average yield of 9,650 pounds/
acre at RES and 8,920 pounds/acre in statewide tests. 
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Waxy—More than 30% of the short grain project 
is devoted to the improvement of sweet or waxy short 
grains. In 2019, nine experimental lines were entered in 
the statewide tests for waxy short grains, with at least 
three of them deemed promising. 

In the very early group, 17Y2142 had an average yield 
of 9,900 pounds/acre at RES, compared to CM-101 and 
CM-203 yields of 6,170 pounds/acre and 9,840 pounds/
acre, respectively. However, this line had an average yield of 
9,440 pounds/acre in the early group and 9,670 pounds/
acre in the intermediate/late group tests at RES. It showed 
consistent high yields in all locations of the statewide tests, 
giving an average yield of 9,323 pounds/acre.

Compared to the waxy check varieties, CM-203 
continues to be the highest yield waxy rice. However, this 
line and 15Y2135 have other desirable characteristics, 
such as better lodging resistance and lower cold-induced 
panicle blanking.

Low amylose and Arborio types—Currently only 
one low amylose variety, CA-201, is in commercial 
production, but it is low yielding—6,200 pounds/acre 
at RES and 7,000 pounds/acre statewide. A promising 
alternative is experimental line 15Y2100, with an average 
yield of 9,250 pounds/acre in the RES early group and 
9,520 pounds/acre in the RES intermediate/late group. 
Statewide, 15Y2100 has an overall mean yield of 9,056 
pounds/acre, a 30% yield advantage over CA-201.

A line designated as 16Y2028 is another promising 
low amylose short grain. It outperformed 15Y2100 with a 
grain yield of 10,110 pounds/acre and 9,600 pounds/acre 
in the RES very early and early groups, respectively.

Of the Arborio types typically used in risotto recipes, 
the previously released germplasm 89Y235 yielded 

7,240 pounds/acre. Two promising lines in the pipeline, 
18Y2070 and 18Y2045, had significantly higher yields. 
Line 18Y2070 registered an average yield of 9,550 
pounds/acre in the early group at RES and 9,350 
pounds/acre in statewide early group testing.

DNA marker laboratory 
The role of the DNA marker laboratory is constantly 
evolving with the needs of the RES rice breeding 
program. It has been renamed the RES Genetics Lab to 
reflect the larger function it now plays. The Genetics Lab 
will continue the research tasks the DNA marker lab was 
created for, as well as handle new areas of research.

A 2,200 square-foot RES Genetics Building was 
constructed in 2019 with funds from the Rice Research 
Trust. Equipment from the DNA marker lab was transferred 
into this new facility in December. Additional equipment 
also was purchased by the Rice Research Trust.

The lab supports the different breeding programs 
and special projects. The lab is involved in marker-aided 
selection for blast resistance, grain quality, aroma, and 
herbicide resistance; DNA fingerprinting and purity testing 
of advanced lines; genetic mapping of stem rot resistance 
genes and herbicide tolerance to oxyfluorfen; and the 
development of mutant populations using both irradiation 
and chemical mutagenesis. Emphasis varies from year to 
year depending on the needs of the breeding program.

Marker-aided selection
Marker-aided selection for both blast resistance and grain 
quality is now a routine part of genetics work. The lab 
played a major role in the release of M-210, which has 
improved blast resistance over M-208. Other markers 
are being used to predict grain quality parameters such 

Large drying and storage bins 
hold foundation seed of the 
rice varieties developed by 
the Rice Experiment Station. 
Foundation seed is allocated 
by the California Crop 
Improvement Association to 
seed growers for commercial 
production. Fifteen varieties 
and three experimental lines 
were produced in 2019.



as starch characteristics in the long grain program. One 
marker is being used to detect the presence of fragrance 
genes in breeding materials.

Most of the marker-aided selection work in 2019 
focused on blast resistance and herbicide tolerance. 
About 3,000 lines from the medium grain project were 
screened for both. These materials contain multiple 
blast resistance genes, as well as herbicide resistance.  
Breeding material and headrows were analyzed 
with microsatellite markers and single nucleotide 
polymorphisms (SNP) markers for oxyfluorfen tolerance 
in rice.

DNA fingerprinting
Another important function of the genetics lab is to 
assist in variety identity and purity assessment—DNA 
fingerprinting that distinguishes medium grain, long 
grain, and short grain varieties. The lab keeps a marker 
database of all rice varieties released at RES, as well as 
other rice variety introductions.

ROXY™ materials planted in the greenhouse and the 
field were also fingerprinted for identity. As the ROXY™ 
trait is being transferred to different varieties, fingerprint 
profiles can distinguish resistant plants in different genetic 
backgrounds.

The DNA lab also received requests from different 
entities for identity and purity issues. In one case, a 
private company sought to determine whether milled 
samples marketed as Calrose were really a California 
variety. DNA marker analysis showed that the samples 
were not one of California’s Calrose varieties but were 
actually a medium grain from the southern U.S.

Herbicide tolerance
An oxyfluorfen tolerant mutant was isolated from treated 
M-206 several years ago. The DNA lab was tasked to 
determine the genetics of the herbicide tolerance and to 
identify what gene is responsible for this trait. 

Genetic mapping studies identified the location of 
herbicide tolerance with a multi-pronged approach. 
This fine mapping effort identified the genes controlling 
the trait that are associated with particular molecular 
functions such as lipid binding and transporter activity. 
Four SNP markers for oxyfluorfen resistance detection 
are now being used for marker-aided selection in the 
RES breeding program. This detailed investigation 
into the genetics of the ROXY™ trait will be useful in 
understanding the tolerance mechanism, supporting 
the intellectual property protection, and the eventual 
commercialization of this non-GMO herbicide resistant 
rice as a weed control tool for growers.

Rice pathology
The rice pathology project is an integral part of the rice 
breeding program. Research in this area and breeding 
focuses on developing rice varieties with resistance to 
stem rot, aggregate sheath spot, and blast diseases. 
Kernel smut is another, more recent, area of research.

Stem rot
Even without a full-time plant pathologist, RES continues 
work on stem rot by screening breeding lines for sources 
of resistance. In 2019, a total of 2,916 rows were 
evaluated in the disease nursery field. Breeding materials 
evaluated for stem rot resistance included 107 statewide 
entries, 287 advanced yield tests, 187 recombinant 
inbred lines, 203 uniform regional rice nursery entries 
from southern universities, and 372 entries for genomic 
selection study. Only 10 lines were found to be highly 
resistant and 51 lines were resistant. While some lines 
show promise, finding sources of stem rot remains elusive. 
More basic research is needed to better understand the 
disease and resistance.

Blast
Panicle and leaf blast were observed at RES and in a 
ROXY™ field trial near Colusa. The outbreak was minimal, 
however, and did not affect grain yield. RES is continuing 
efforts to incorporate multiple sources of rice blast 
resistance into medium, short, and long grain varieties. 
Several crosses were made and some blast-related 
genes are being targeted with gene editing techniques. 
M-210—a blast resistant M-206—is now available to 
growers who desire a blast resistant variety.

Aggregate sheath spot
Some aggregate sheath spot was observed in RES fields, 
but not in the statewide field test locations. No greenhouse 
or field evaluations were conducted in 2019 because of the 
lack of a full-time plant pathologist. Backcross populations 
previously developed to incorporate resistance genes from 
Teqing, Jasmine 85, and MCR10277 to M-206 and L-206 
are kept in cold storage for future reference and use.

Quarantine introductions
The building blocks for any breeding program are cultivars 
with traits desirable in commercial production. In 2019, 
239 lines were received from the Uniform Regional 
Rice Nursery. Of these, only 152 passed the brown rice 
protocol and were planted in the greenhouse. Seeds 
of clean and healthy plants were harvested and kept in 
the cold room for future use. An additional 2,139 rice 
accessions were obtained from other sources, including 
some from Japan, China, Italy, Hungary, and Romania. 
Fourteen of these were used in short and medium grain 
crosses. In 2020, 136 accessions will be characterized 
for agronomic traits, yield, grain quality, greenhouse cold 
stress, and stem rot.

All plant introductions grown and released for breeder 
use are done so under procedures developed and 
approved by the U.S. Department of Agriculture and the 
California Department of Food and Agriculture to prevent 
introduction of exotic insect pests and diseases, as well as 
weedy red rice in California.

Herbicide tolerant rice
ROXYTM is a heritable non-GMO rice trait that provides 
tolerance to the post-patent herbicide ALB2023 
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(oxyfluorfen) and has been recovered in the variety 
M-206, California’s most widely grown Calrose variety. 
The backcross selection to M-206 (17Y3000) has been 
tested in 2017–19 University of California yield tests, and 
the seed has been increased and purified. 

Five 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.

Extensive research and discovery by the Rice 
Experiment Station has been underway on the genetics 
and mechanism of this trait since its discovery (see DNA 
Marker Laboratory section). The trait is controlled by a 
single recessive gene and is a new mechanism for rice 
herbicide tolerance.

A provisional US patent for this trait was filed in 
2016 and expanded in 2019, providing additional 
information on gene(s), mutation sequences, new data, 
and a biochemical pathway in support of the patent 
application. A shared partnership with Albaugh LLC is 

underway to pursue registration and commercialization 
of the exclusive herbicides ALB2023 and ALB2024 for 
rice weed control and will be known as the ROXY™ Rice 
Production System.

The registration process with the federal Environmental 
Protection Agency was initiated in 2019. Some of 
the activities involved in this process include aquatic 
dissipation testing, herbicide efficacy testing, and 
developing a production system and herbicide brands.

The breeding and introgression of the ROXY™ trait 
will follow the same RES breeding program protocols for 
adaptation, yield, and quality as conventional varieties. 
New crosses have been generated and advanced, 
including experimental lines 17Y3000 and 19Y4000.

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 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 last five years. This population consists 
of 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. The training 
population was transplanted at RES in 2019 for line 
purification, seed multiplication, and agronomic study.

Five 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. 

These are the people 
who make the Rice 
Experiment Station run, 
captured all together 
minutes before the 
opening of the 2019 Rice 
Field Day. A relatively 
small but very diverse 
and dedicated group, 
providing administrative, 
field operations, facilities 
maintenance, seed 
production, rice breeding 
and genetics expertise. 
Their skills and efforts 
successfully bring 
together three complex 
activities—growing a 
rice crop, producing 
foundation seed, and 
developing improved rice 
varieties for California.
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locations were generally consistent for straw total silicon 
but differed from the previous analysis of UC Davis-grown 
lines with regard to lines exhibiting higher total silicon.

Mutant line NM-4903 continued to exhibit high total 
silicon in straw and reduced total arsenic in grain at the 
UC Davis location, but these effects were not observed at 
RES. This difference warrants further investigations.

Several lines have been identified for further study and 
preliminary evaluation of traits that may be influenced by 
reduced or increased silicon, such as resistance to diseases 
and insect pests. In a preliminary trial at the RES stem rot 
nursery performed by Dr. Teresa De Leon, some metalloid 
uptake and sequestration mutants and mutants with 
reduced or altered cuticle (leaf surface) wax were evaluated 
and were found to possibly play a role in tolerance or 
susceptibility to stem rot. Visual ratings of experimental lines 
in 2019 suggest that two mutants, NM-E2244 and SAB-
1558.1, may be highly tolerant to stem rot. Both silicon and 
cuticle wax have been implicated in providing protection 
to terrestrial plants against a wide variety of environmental 
stresses. Thus, further screening is warranted. 

Conditions for evaluating specific mutants and mutant 
populations for herbicide tolerance are being established 
and will be pursued in 2020. 

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. Specific targets currently include reduced 
uptake and/or localization of arsenic in milled rice grains and 
resistance or tolerance of rice plants to select herbicides.

The traditional approach to mutant populations is 
to conduct screens that identify new characteristics of 
interest. Examples of this “forward” genetics approach 
in rice include the identification of the semidwarf trait, 
conditional male sterility, and herbicide tolerance. 

“Reverse” genetics is a complementary approach 
for exploiting mutant populations. This strategy requires 
prior knowledge of the genes that are responsible for the 
target traits. These genes are used to screen the DNA 
from mutant populations to identify mutated versions that 
may result in the expression of novel characteristics.

In 2019, the primary focus of this project was the 
continued characterization of rice mutants identified 
through reverse genetic screens of genes encoding 
silicon/arsenic transporters. Although several objectives 
were established for 2019 work, the federal 
government shutdown in the early part of the 
year, coupled with critical staff vacancies, 
necessitated research to focus primarily on 
evaluating arsenic and silicon content in 
mutant lines.

A second year of total arsenic and silicon 
content analysis of field-grown mutants 
carrying mutations in the Lsi1and Lsi2 metalloid 
transport genes and the arsenic sequestration 
transporter gene OsABCC1 was completed. 

Results of the content analysis from UC 
Davis and Rice Experiment Station field 

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 to advance the understanding of agronomic performance and grain quality for 

incorporation into breeding programs for the California rice industry. 

Rice mutants were evaluated for tolerance to the 
herbicide carfentrazone (Shark®). The temperate 
japonica Nipponbare and Kitaake lines were the most 
tolerant, followed by the Southern variety Sabine. This 
photo shows response of Kitaake and a mutant line at 
two different rates.
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Three similar tests were conducted at RES—two from 
each maturity group. Average yields across varieties and 
locations in the advanced-line tests ranged from 9,540 
pounds/acre in the early tests to 8,790 pounds/acre in 
the very early tests. In the intermediate/late tests, the 
advanced lines average yield was 9,450 pounds/acre.

Field preparation and planting were mixed because 
of heavy rain in the middle of May. Rice was planted as 
late as the second week of June. Several advanced lines 
in 2019 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
Eight uniform breeding-line trials consisting of four-
replication advance, two-replication advance, 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. 
Agronomic performance for these tests are reported 
below. 

Very early tests zone 3
Ten commercial varieties and four advanced breeding 
lines were compared in five four-replication advanced 
tests. Four commercial and 10 breeding lines were 
compared in five two-replication advanced tests. Two-
replication preliminary tests evaluated four commercial 
varieties and 24 preliminary lines at each location. 
Commercial varieties at each location included S-102, 
S-202, CA-201, CH-201, CH-202, CM-101, CM-203, 
M-104, M-105, M-205, M-206, M-209, M-210, A-202, 
CJ-201, CT-202, L-206, and L-207.

Grain yields in the four-replication advanced tests 
averaged 8,790 pounds/acres overall, 9,260 pounds/acre 
at RES, 9,620 pounds/acre at Sutter, 9,220 pounds/acre at 
Yolo, 8,470 pounds/acre at south Yolo, and 7,390 pounds/
acre at Yuba.  The three highest-yielding entries on average 
were long grain line 14Y1006 (10,170 pounds/acre), long 
grain L-207 (9,590 pounds/acre), and short grain S-202 
(9,380 pounds/acre). Top-yielding commercial varieties 
included L-207, S-202, L-206, and M-105. 

In the two-replication advanced test, the highest 
yielding experimental line was 18Y117 at 9,400 pounds/
acre. The top commercial variety was CM-203 at 9,360 
pounds/acre.

Averaged across five locations, yields for lines in the 
preliminary tests ranged from 9,460 pounds/acre to 6,190 
pounds/acre.

Average grain moisture at harvest was 15.8%, average 
lodging 38%, average days to 50% heading was 88, 

Rice Variety Trials
Project Leader:
Bruce Linquist, UCCE rice specialist 
Department of Plant Sciences, UC Davis

Eight on-farm rice variety evaluation trials were conducted throughout the rice growing regions of 
California in 2019 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.
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average seedling vigor 4.8, and average plant height was 
about 37 inches. Field preparation and planting were 
mixed, with most of the planting occurring before May15. 
However, heavy rain in the middle of May caused fields to 
be delayed in both the Yolo and Yuba trials. Harvest was 
completed within the normal time frame but yields in the 
four-replication advanced test were down 6.8% from 2018.

Comparing commercial standard entries over a 
five-year period and across locations, M-105, M-206, 
and L-206 were the highest-yielding varieties at 9,158 
pounds/acre, 9,060 pounds/acre, and 8,882 pounds/
acre, respectively. 

Early maturity tests zone 2
Ten commercial varieties and four advanced breeding 
lines were compared in three four-replication advanced 
tests. Four commercial and 10 breeding lines were 
compared in three two-replication advanced tests. Two-
replication preliminary tests evaluated four commercial 
varieties and 24 preliminary lines at each location. 
Commercial varieties at each location included S-102, 
S-202, CA-201, CH-201, CH-202, CM-101, CM-203, 
M-104, M-105, M-205, M-206, M-209, M-210, A-202, 
CJ-201, CT-202, L-206, and L-207.

Yields in the four-replication advanced line tests 
averaged 9,540 pounds/acre overall, 9,530 pounds/acre 
at RES, 9,460 pounds/acre at Butte, and 9,620 pounds/
acre at Colusa. Advanced long-grain line 14Y1006 
was the highest-yielding entry at 11,380 pounds/acre 
averaged over three locations in 2019. Long grain L-207, 
short grain S-202, and medium grain premium-quality 
12Y2175 yielded second, third, and fourth, respectively. 
Other top-yielding commercial varieties included M-105, 
A-202, CJ-201, M-206, and L-206.

Average number of days to 50% heading was 86. The 
commercial standard M-206 averaged 86 days over three 
locations. In the preliminary tests, M-210 was the highest 
yielding commercial variety, with 13 experimental lines 
yielding higher.

Over a five-year period and across locations, L-207 
was the highest-yielding commercial variety at 10,340 
pounds/acre, followed by M-209 at 9,520 pounds/acre, 
and M-206 at 9,410 pounds/acre.

Intermediate/late maturity tests zone 1
Ten commercial varieties and four advanced breeding 
lines were compared in three four-replication advanced 
tests. Four commercial and 10 breeding lines were 
compared in three two-replication advanced tests. Two-
replication preliminary tests evaluated four commercial 
varieties and 24 preliminary lines at each location. Four 
advanced experimental lines and eight commercial 
varieties were compared in three intermediate/late tests. 
Preliminary tests included six commercial varieties and 
18 preliminary lines evaluated in separate tests at each 
location. Commercial varieties at each location included 
S-102, S-202, CA-201, CH-201, CH-202, CM-101, 
CM-203, M-104, M-105, M-205, M-206, M-209, M-210, 
A-202, CJ-201, CT-202, L-206, and L-207.

Yields in the four-replication advanced line tests 
averaged 9,450 pounds/acre overall, 9,720 pounds/acre 
at RES, 9,090 pounds/acre at Butte, and 9,730 pounds/
acre at Glenn. The 2019 advanced over-location yield 
decreased 450 pounds/acre (4.6%) compared to the 
2018 season average. In the four-replication advanced 
tests, S-202 was the highest-yielding commercial variety 
(10,430 pounds/acre), ranking second overall. L-207 and 
L-206 were the next highest-yielding commercial varieties 
across locations. The long-grain entry 14Y1006 was the 
highest-yielding advanced entry across all locations at 
10,700 pounds/acre. 

Average number of days to 50% heading was 87. 
Advanced line 12Y2175 reached 50% heading at all 
locations in 86 days. Medium grain M-209 was the latest 
variety at 92 days to reach 50% heading at all locations.

Over a five-year period and across locations, L-206 is the 
highest-yielding commercial variety in this group at 9,490 
pounds/acre, followed by M-209 at 9,370 pounds/acre.

Other activities
This project was involved in the planting, sampling, and 
harvesting of more than 12 trial sites throughout the rice 
growing areas.  Educational activities such as winter 
rice grower meetings, the annual field day at the Rice 
Experiment Station, and promoting work through fact 
sheets, publications, and the UC Cooperative Extension 
rice website are also important parts of this project.

The advanced line 
12Y2175 was approved 
for release in early 
2020 as a new Calrose 
variety, M-211. It is 
perfectly suited for 
comingling with other 
Calrose types like 
M-206 and M-209.   
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At Chico State, researchers tested a novel biophysical 
treatment of S-102 seeds. This involved temporarily 
exposing the seeds to vibrating water upon initial 
soaking. Seven experiments were conducted to quantify 
accelerated germination rates. A consistent, accelerated 
germination rate was observed in the biophysical 
treatments, reaching nearly 10% in treated seeds 
starting at day two and leveling off at day five.

At Lundberg Family Farms, a different set of 
experiments focused on early plant growth vigor in both 
greenhouse and field trials.  Research staff monitored 
treated and untreated plants of M-206, Akitakomachi, 
and S-102. These three varieties were tested to 
understand broader impacts of treatments and to see if 
common varieties stand to benefit.

Rice seedlings not only got a head-start with quicker 
germinations rates, but they also exhibited improved early 
growth or seedling vigor. Thus, root length and shoots 
were measured in both greenhouse and field trials. 

In field measurements, the average root and shoot 
lengths of M-206 were mostly larger in the control, 
yet the exact opposite was found in the greenhouse. 
Results for Akitakomachi were less consistent, with the 
greater average length measurements switching back 

and forth between controls and treated for both the 
greenhouse and field trials. S-102 results for the control 
and treated seeds were also less consistent. 

Researchers believe with a high degree of confidence 
that the germination rate increased as a result of the 
biophysical treatment.  Post germination observations 
have shown substantially improved seedling vigor for 
treated seeds over the control. 

Multiple greenhouse trials and the field trial to observe 
any continued benefit after germination failed initially 
to show consistent results. However, subsequent 
trials showed better results, which suggests a growth 
advantage in treated seeds.

Treatment of Rice Seeds for  
Early Growth

Project Leader:
Dennis O’Connor, assistant professor of mechanical and mechatronic engineering 
CSU Chico Research Foundation

This new 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. First year objectives were to expand research on accelerated early plant growth  
of rice in both field and greenhouse trials. 

Researchers believe with a high 
degree of confidence that the 

germination rate increased 
as a result of the biophysical 

treatment.
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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 hand-held sensor, the Green 
Seeker NDVI, has evaluated multiple farmer fields. (NDVI 
is an acronym for “normalized difference vegetation index” 
and is used to analyze remote sensing measurements.) 

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 2019, 
researchers developed response indexes to predict grain 
yield at different values. This research should provide 
farmers with a robust decision-support tool to guide them 
in midseason nitrogen fertilizer management.

Nitrogen rate trials with M-206 were conducted 
at three on-farm locations and one site at the Rice 

Experiment Station. The main plot treatment used 
preplant nitrogen injected into the soil as aqua ammonia 
at rates ranging from zero to 210 pounds/acre. 

At panicle initiation, NDRE was measured using the 
drone and NDVI was measured with both the drone and 
the GreenSeeker. After index measurements were taken, 
plant samples were collected from each plot. Plots were 
then split into subplots that received top-dressed fertilizer 
at either zero or 30 pounds/acre. Soil samples were 
collected from the zero and 150 pounds/acre plots, and 
again at heading. At maturity, rice plants were harvested 
from each subplot to measure yield.

Data from 2018 and 2019 research show that NDVI 
from both the drone and the GreenSeeker plateau at 
higher nitrogen rates. The NDVI from the drone has higher 
values but plateaus at even lower crop nitrogen uptake 
values, making it a less reliable estimate of crop nitrogen 
status than the GreenSeeker.

Improving Fertilizer Guidelines 
for California’s Changing Rice 
Climate

Project Leader:
Bruce Linquist, UCCE rice specialist 
Department of Plant Sciences, UC Davis

The goal of this project is to develop fertilizer management guidelines that are economically viable and 
environmentally sound. Research objectives in 2019 were:

 • Assess top-dressed nitrogen need through remote sensing.
 • Study potential nitrogen losses early in the season due to flooding and draining events.
 • Continue research on rice grown under alternate flooded/dry (AWD) soil conditions.

UC Cooperative 
Extension Rice 
Specialist Bruce 
Linquist breaks down 
his research on using 
remote sensing of 
nitrogen status during 
Rice Field Day 2019.
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The relationship 
between average 
yield response 
to top-dressed 
nitrogen fertilizer 
applied at panicle 
initiation and 
GreenSeeker NDVI 
Response Index.

The relationship 
between average 
yield response 
to top-dressed 
nitrogen fertilizer 
applied at panicle 
initiation and drone 
NDRE Response 
Index.

However, comparing NDVI and NDRE from the drone 
shows that the NDRE response to crop nitrogen uptake 
is linear across a wide range of crop nitrogen values. 
This confirms observations from 2018, as well as what 
others have seen with other crops. This suggests that 
for assessing crop nitrogen status and the need for a 
midseason nitrogen application, the NDRE may be a 
better option than NDVI taken from either a drone or a 
GreenSeeker.

Results from 2016 through 2019 were combined to 
develop the yield response to top-dressed nitrogen in 
each plot. With an NDVI response index below 1.1, the 
average yield response was close to zero or negative. 
With a response index above 1.1, there was a positive 
yield response. 

Combined results from 2018 and 2019 for the NDRE 
response index showed similar results. Values below 1.1 
did not respond to top-dressed applications. 

This research suggests that the GreenSeeker NDVI 
and NDRE are both useful tools in determining the need 
for a top-dressed nitrogen application. When needed, a 
top-dressed nitrogen application increased yields by 200 
to 1,000 pounds/acre.

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 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 and is lost as nitrogen gas (N2). The process is 
driven by how aerobic soils get during a dry down period, 
soil temperature, and soil properties such as texture and 
carbon content.

To understand this process better, two field studies 
were conducted—one at the Rice Experiment Station  
and one near Knights Landing. 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.
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At the Knights Landing location, nitrogen was applied 
at a rate of 80 pounds/acre as anhydrous-ammonium. At 
RES, 150 pounds/acre was applied as aqua ammonia. 
As expected, at both locations there was no nitrate in 
the continuously flooded treatment. The soil remained 
anaerobic and denitrification did not occur. In contrast, in 
the drained treatment at both locations nitrate increased 
when the soil was drained and dropped to zero after 
reflooding. The total amount of nitrate lost during the two 
drain events was 24 pounds/acre at Knights Landing and 
19 pounds/acre at RES. 

While denitrification represents the primary nitrogen 
loss pathway when rice fields are drained, nitrogen 
can also be lost as nitrous oxide, a greenhouse gas. 
Greenhouse gases were measured at the RES site. No 
nitrous oxide was detected in the continuously flooded 
field, but about 1.5 pounds/acre was lost as nitrous oxide 
gas. This loss occurred primarily when the fields were 
drained, not when they were being reflooded. 

Adding the denitrification losses and the nitrous oxide 
emission losses together, suggests that about 20 to 
25 pounds/acre of fertilizer nitrogen is lost during these 
drainage events when there is a lot of fertilizer nitrogen 
in the soil (early in the season). These losses may be 
partially offset by increased mineralization of soil organic 
matter when the soil is dried down. Further research 
will quantify these separately and help develop nitrogen 
recommendations for these systems.

Alternating wet/dry rice
While the conventional system of growing rice under 
continuously flooded conditions produces good grain 
yields and maintains high nitrogen use efficiency, 
California rice growers should be prepared for situations 
where they might face limited water availability or 
legislative pressure to implement alternative water 
management strategies. 

The alternating of wet (flooded) and dry (drained) 
conditions, known as AWD, has the potential to mitigate 
concerns about greenhouse gases, arsenic uptake, and 
methyl-mercury formation in flooded soils. Thus, it is 
important to evaluate the agronomic viability of AWD as a 
potential option.

Research on AWD from 2012 to 2016 with two dry-
down periods varying in intensity from two to 12 days 
between 45 days after seeding to heading indicate:
 • No evidence of yield reductions relative to the 
continuous flood control.

 • Nitrogen and weed management are the same for 
AWD as for the control.

 • Methane emissions are reduced by 40% to 90%%, 
while nitrous oxide emissions are negligible.

 • Arsenic and methyl-mercury concentrations in grains 
are reduced by more than 50%.

In 2017, research began on a single dry-down. This 
fits better into a California cropping cycle. Two years of 
research have shown:
 • Yields, nitrogen rate, and weed management are the 
same with a single dry-down as with a continuously 
flooded field.

 • With a five-day drain period, methane can be reduced 
by up to 50% and no nitrous oxide emissions. Arsenic 
uptake also is reduced in grain.

In 2019, research on three farms examined AWD where 
a full check was drained at 40 to 45 days for a two to six 
day period. Results confirm findings from research at the 
Rice Experiment Station that draining a field during the 
midseason for a short period of time does not reduce 
yields. However, adoption of this practice is unlikely 
because there are no direct economic incentives (i.e. 
increased yields or reduced water use) to manage a field 
in this manner.

Other experiments
A very wet May in in 2019 forced some farmers to flood 
their fields before they had applied their aqua-ammonia. 
This meant having to supply the nitrogen needs of the 
crop with other forms of nitrogen such as urea. Little 
research has been done in this area, so a field trial at the 
RES was run to evaluate different nitrogen sources.

In all cases, 150 pounds of nitrogen per acre was 
applied. Yields were low overall because of late planting. 
Yields were highest in the aqua and ammonium sulfate 
treatments and significantly lower in the urea treatment.

Also in 2019, a study was conducted to determine 
whether applications of the herbicide Regiment® reduce 
rice yields and, if so, whether a top-dressed nitrogen 
application alleviates this effect. Examining results 
with or without Regiment® indicates that yields were 
similar regardless of Regiment® treatment. Because 
of the inconclusive nature of the results, however, 
recommendations have not been made from this 
research.

It is not uncommon when rice fields are fallowed for 
a season that farmers level the field during the summer. 
Would it be advantageous to plant rice onto the leveled 
field the following spring without any additional tillage? 
An experiment compared rice yields in no-till versus tilled 
fields on a half-acre plot. Yields were low and also similar 
between the two treatments.



Research in 2019 focused on the efficacy of new 
and existing herbicides in mixtures or sequential 
combinations, alternative crop establishment methods 
to reduce weed pressure, and herbicide resistance 
strategies to deal with this problem in California rice fields.

Herbicide programs
Herbicide research was conducted in continuous 
flood, pinpoint flood, and drill-seeded rice at the Rice 
Experiment Station. Several herbicide combinations 
delivered near-perfect weed control with great crop safety.

Predominant weeds in the 2019 research plots 
included late watergrass, ducksalad, ricefield bulrush, and 
smallflower umbrella sedge, followed by barnyardgrass, 
monochoria, water hyssop, redstem, and sprangletop. All 
of these weeds are susceptible to herbicides registered 
for use in California rice.

Several into-the-water herbicides are available 
for controlling weeds in continuously flooded rice, 
including Bolero®, Butte®, Cerano®, Granite® GR and 
SC, League® MVP, Shark® H20, and propanil. These 
herbicides can be applied early to provide good to 
excellent control of target weeds. It is useful at times to 
combine herbicides in a program to expand the spectrum 
of weed control.

Optimizing Butte® programs
This is the second year that Butte®, a granular mixture 
of benzobicyclon and halosulfuron, has been available to 
California rice growers. The benzobicyclon component 
adds a new mode of action for control of broadleaf 
weeds, grasses, and sedges. Halosulfuron is an ALS-
inhibiting herbicide. Previous studies suggest that Butte® 
provides good broad-spectrum weed control and offers 
an exceptional level of crop safety. However, there is a 
need to examine its use with other herbicides such as 
Clincher®, Cerano®, Granite®, Regiment®, and propanil 
to improve grass weed control. The combination of 
Butte®, followed by other herbicides provided good weed 
control in 2019.

Butte® followed by into-the-water applications of 
Granite® GR at the 3.5-leaf stage of rice, and a foliar 

application of Regiment®, Granite® SC or Grandstand® 
provided exceptional control of all weeds. The lone 
exception was smallflower umbrella sedge control was 
below 90% when Butte® was followed by Grandstand® 
or Regiment®. The choice of the appropriate follow-up 
application or inclusion of a granular herbicide largely 
depends on the weed population pressure and resistance 
status of the weeds in the field.

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 

Kassim Al-Khatib, a 
UC Davis professor 
and UC Cooperative 
Extension specialist, 
shares findings on weed 
management research 
at Rice Field Day 2019.
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Weed Management in Rice
Project Leader:
Kassim Al-Khatib, professor and UC Cooperative Extension specialist 
Weed Science Program   
Department of Plant Sciences, UC Davis

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. 



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.

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 general, 
weed control 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.

Evaluating algaecides
California rice production is challenged by nuisance algae 
in the beginning of the growing season. Rapid, early 
formation of algal mats at the time of flooding can prevent 
the establishment of newly emerged rice seedlings. Aerial 
application of copper sulfate does not provide consistent 
control. In 2019, two bucket experiments and one field 
study were conducted with 10 chemicals containing 
possible algaecide activity. 

The results from the bucket experiments showed that 
chelated copper (Algimicyn®) had the highest level of 
control at 86%, followed by Protox herbicides (Goal® 2XL 
and Ronstar®) at 70%. Blue stone copper, Cutrine®-Plus 
and Cutrine®-Ultra controlled algae similarly in the range 
of 50% to 70%. Hydrogen peroxide controlled algae by 
only 50%, and its efficacy dropped dramatically after  
five days.

In the field experiment, maximum algae control (96%) 
was achieved with a pre-emergence application of Goal® 
2XL. Cutrine®-Plus, Cutrine®-Ultra and liquid peroxide 
provided similar levels of algae control in the range of 60% 
to 70%. Rice was able to establish in all the algaecide 
treatments except the Goal® 2XL treatment, which 
severely damaged the rice crop. 

All the tested algaecides have the potential to reduce 
the early bloom of algae. However, further research is 
needed to determine the optimal time of application and 
their effects on rice.

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

Research on pyraclonil
Pyraclonil is a new 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 2019, pyraclonil was tested as part of a program that 
included Butte®, Cerano®, Bolero®, Regiment®, Granite® 
GR, SuperWham!®, and Loyant®. Results showed 
outstanding weed control, including smallflower umbrella 
sedge and broadleaf weeds when pyraclonil was applied in 
combination with Bolero® UltraMax, Butte®, and Loyant®. 
Additionally, rice did not show any signs of injury.
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A great deal of weed 
management research 
focuses on new and 
existing herbicides in 
mixtures or sequential 
combinations. This is 
the Hamilton Road site 
where much of this 
work takes place.
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A separate study with pyraclonil applied day of seeding 
on M-105, M-205, M-206, M-209, S-102, and Koshihikari 
showed all varieties exhibited good tolerance to this 
compound. 

Best and most effective application timing is day 
of seeding. Testing thus far suggests pyraclonil holds 
promise as a new tool for managing a variety of herbicide-
resistant weeds in California rice fields.

New herbicide Loyant®

Loyant® is a new product under development by Corteva 
Agriscience. Its active ingredient, florpyrauxfen-benzyl 
(Rinskor™), is being evaluated for California rice. It is a 
post-emergent 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.

Two separate studies were conducted in 2019 to 
evaluate Loyant® in programs with Clincher®, Granite®, 
RebelEX®, Cerano®, Bolero®, and Butte®. Loyant® with 
Butte® and Loyant® with Bolero® gave nearly complete 
weed control. It was also found to be safe on rice. 

Loyant® is another promising tool for weed control, in 
general, and for managing herbicide-resistant watergrass 
and smallflower umbrella sedge in particular. 

New grass herbicide
Work continued on a new, low-rate herbicide with a novel 
mode of action from FMC mainly for watergrass control. 
It has a wider window of application than other herbicides 
and could be a valuable tool in managing herbicide-
resistant grasses.

Three separate studies were conducted on this 
herbicide in 2019. Researchers evaluated time of 
application, formulation, and potential herbicide partners. 
It showed excellent safety on rice and outstanding 
watergrass control. 

Work will continue with a focus on optimal application 
timing.

New clomazone 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.

Weedy rice research
Weedy red rice, or simply weedy rice, is an emerging 
issue for California growers. In 2019, field experiments 
were conducted to observe the timing and conditions for 
emergence of several weedy rice types. All weedy rice 
types emerged within 14 days of flooding. Type 3, the 
weed 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 thus far indicate 
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. 

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 2020.

Drill seeded rice
Drill seeding rice is practiced widely in the southern U.S., 
yet it is not commonly practiced in California. With this 
strategy, the crop and weeds emerge at the same time. 
Weed management options are thus limited to rice-safe 
herbicides. 

Research in 2019 focused on water management and 
an herbicide program centering on a post-plant, pre-
emergent application of glyphosate. Cultivars included 
M-206 and M-209. Weather was a major factor in this 
research, as multiple spring storms delayed planting by a 
month. In addition, the rain caused germination of most 
watergrass before field work.

As watergrass was largely not present during the 
season, later germinating bearded sprangletop was 
able to compete more effectively with rice and sedges. 
Glyphosate alone reduced bearded sprangletop by 
more than 50% in all treated plots, with the remainder of 
the herbicide treatment program ensuring a weed-free 
season.

Sprangletop control
Bearded sprangletop is a problematic weed in California 
rice production. Flooding was thought to suppress its 
germination, emergence, and growth. After many years 
of continuous rice production, however, some biotypes 
appear to survive.

A study at the Rice Experiment Station tested the 
flooding tolerance of two biotypes, one clomazone 
resistant and the other not, at 2, 4, and 8 inches of 
continuous flooding depth. At 2 inches, neither biotype 
was controlled. With a 4-inch flood, only the resistant 
biotype survived flooding. There was no emergence of 
bearded sprangletop in the 8-inch flood depth of either 
biotype. Thus, continuous flooding can still be used as a 
management tool to control bearded sprangletop.

The results of this study indicate that clomazone-
resistant bearded sprangletop is more likely to spread 
throughout the Sacramento Valley because it can tolerate 
standard flooding practices and survive applications 
of commonly used herbicides. Control of bearded 
sprangletop will require the use of integrated weed 
management. Growers should consider rotating crops 
where possible, rotating herbicides with different modes 
of action, using weed-free rice seed, and increasing flood 
levels when possible.

Rice field survey
Decades of herbicide use has resulted in widespread 
resistance in rice fields. Surveys of California rice fields 
help shed light on herbicide resistance in weeds such as 
smallflower umbrella sedge and bearded sprangletop. 
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Research into the mechanisms of resistance also will help 
in the development of management programs.

Smallflower umbrella sedge is a major weed in 
California rice. Historically, it was controlled with ALS 
inhibitors. However, extensive use of these herbicides led 
to the development of resistance in this sedge.

In 2019, research expanded into ALS-inhibitor cross-
resistance in smallflower umbrella sedge. Herbicides 
used included Londax®, Halomax®, Regiment®, and 
Granite® at rates up to 12 times the label rate. Results 
confirm that most of the resistance is dose-dependent. 
Resistance mechanisms are likely to be nontarget site 
based. However, one population showed strong survival 
to all rates of applied herbicides and may have target-site 
resistance. If confirmed, this would be the first known 
case of smallflower umbrella sedge target-site ALS 
resistance in California. 

A genetic study is underway to determine whether 
alteration to the ALS gene may be causing resistance. 
Also, a greenhouse study is looking into the mechanism 
of resistance.

Bearded sprangletop has been controlled with 
clomazone since 2004. The continuous use of clomazone 
and lack of crop rotation in rice fields has resulted in 
resistance to clomazone in several bearded sprangletop 
populations.

In a survey of clomazone resistance in bearded 
sprangletop, 17 out of 21 populations were found 
to be resistant. The other four were not. All resistant 
populations were slightly injured by clomazone seven 
days after treatment. However, three weeks after 
treatment, the plants recovered and resumed normal 
growth. 

The resistant populations came from different fields 
in Colusa and Sutter counties. Locations of these fields 
suggest that resistant populations may have evolved 
independently multiple times. 

Resistant populations were in fields with diverse 
herbicide use histories. Clomazone was used in most 
fields in the study. Growers suspected clomazone 
resistance, but only 5% of the populations tested were 
resistant. Improper application timing may have been at 
the root of failure to control bearded sprangletop.

In a dose-response study, susceptible plants became 
symptomatic at clomazone rates as low as one-quarter 
of label rates. Rates required to cause mortality of 
resistant bearded sprangletop was more than four times 
the label rate.

To determine the mechanism of resistance, 
researchers investigated clomazone absorption, 
translocation, and metabolism under controlled 
environmental conditions with two resistant populations 
and one susceptible population. This research confirmed 
that the resistant and susceptible populations of bearded 
sprangletop metabolized clomazone differently.

Diagnostics and detection
Greenhouse testing of suspected herbicide resistant 
weeds was conducted on more than 157 seed samples 
from 2018. 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.

Location of bearded 
sprangletop populations 
tested for clomazone 
resistance. Closed circles 
indicate a field collection 
site. Open circles indicate a 
known susceptible field side. 
Stars indicate clomazone 
resistant population site.
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The UC rice team has been working with growers, pest 
control advisers, and county agricultural commissioners 
to identify weedy rice infestations. By the end of the 
2016 season, five distinct populations covering more 
than 10,000 acres throughout the rice growing areas 
were documented. Infested acreage increased in 2018 to 
13,866 acres. The number of new fields with weedy rice 
was relatively low in 2019.

Acreage by weedy rice type is important to note.  
Type 1 is the most widespread, and it is most similar to 
Calrose medium grain varieties, making it more difficult to 
identify and allowing it to spread more easily.

In 2017, 53 samples were submitted for testing, and 
15 were confirmed to be weedy rice. The California Crop 
Improvement Association found eight seed fields with 
weedy rice—all were rejected for certification. In 2018, 
25 samples were submitted. Five were confirmed weedy 
rice, and one new biotype was identified, Type 6. It is 
described as black-hulled, awned with red color, and tall. 
It was found at only one location in Butte County.

In 2019, nine samples were submitted. Five were 
weedy rice, mostly Type 1, but a new population, Type 7, 
was identified in Butte County. It is described as straw-
hulled, long reddish awns, no color on the stem nodes, 
and a height similar to the other biotypes. 

Nine grower fields with large weedy rice infestations 
were selected for soil sampling. Samples were taken after 
harvest in 2016, 2017, and 2018. The number of weedy 
rice seeds was averaged across soil samples per field, 
and the percentage of samples containing seeds was 
calculated. The number of seeds varied considerably 
between fields, as did the percentage of soil cores 
containing seeds. In general, the longer the length of time 
that the field was infested, the more weedy rice seeds 
were found in the soil. Growers who were taking steps to 

reduce the infestation tended to have lower seed counts, 
as well. 

Over all locations, the number of seeds and 
percentage of soil samples containing seed increased 
from 2016 to 2018. One field in Butte County and one 
field in Sutter County showed decreases over the three 
years of sampling. Both fields were fallowed. However, 
it is difficult at this point to determine whether fallowing 
reduces the weed seedbank. Follow-up sampling of these 

Weedy Rice Control
Project Leader:
Whitney Brim-DeForest, UCCE farm advisor 
Sutter, Yuba, Placer, and Sacramento counties

Weedy red rice, or simply weedy rice, was rediscovered in California in 2016. Since then, UC Cooperative 
Extension advisors and specialists implemented a multifaceted research program covering genetics, 

phenotyping, surveying and sampling, as well as in-the-field management advice. Objectives of 2019 research 
were:

 • Assess the current distribution of California weedy rice by conducting a survey, along with  
 grower interviews.

 • Expand knowledge of weedy rice ecology, including seedbank longevity, burial in the soil, and   
 germination and emergence patterns.

 • Disseminate pertinent results and best management practices to rice growers and other stakeholders.

2018 weedy rice 
acreage by county, 
and total acreage 
across all nine 
major rice growing 
counties

County 2018 Acreage

Butte  3,365

Colusa 795

Glenn 926

Placer 873

Sacramento 354

San Joaquin 659

Sutter 2,688

Yolo 1,836

Yuba 2,370

Total 13,866
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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. Similar patterns were 
found with other biotypes. This reinforces data that show 
weedy rice cannot emerge from deep in the soil under 
flooded conditions. 

Over-wintering research is taking place outdoors at 
a site in Colusa County. The first year of the experiment 
began in the fall of 2019 and will finish in spring 2020. 
Weedy rice types 1,2,3, and 5 were buried in mesh bags 
at two depths—near the soil surface and 6 inches deep. 
Bags were to be removed in December, January, and 
February. Removed seed will be tested for dormancy and 
viability. This experiment will be repeated after the next 
growing season.

A number of extension publications were disseminated 
through several different channels, including an 
identification brochure and poster. A weedy rice-specific 
website has been created: www.caweedyrice.com. Two 
videos were published on YouTube with the assistance 
of the California Rice Commission. Other outreach efforts 
include an email listserv, a weedy red rice app, and blog 
posts. Research and information about best management 
practices also were communicated during winter grower 
meetings, the Rice Experiment Station’s annual field day, 
and weedy rice specific workshops.

fields will be repeated in five years where possible to 
determine whether there has been any long-term change.

A greenhouse experiment was conducted to 
determine the relative competitive ability of the weedy rice 
biotypes against M-206. In terms of early growth, height 
and tiller count, weedy rice biotypes and M-206 did not 
vary much initially. By week 12, however, all the biotypes 
had significantly more height and tillers than M-206. There 
were some differences between biotypes. Type 2 was the 
tallest. Types 1, 3, and 4 had the most tillers, significantly 
more than M-206. 

In terms of competitive effects of weedy rice on 
M-206, all weedy biotypes had a significant effect on 
final plant height, tiller number, yield per panicle, panicle 
number, panicle weight, plant yield, fresh biomass, 
and dry biomass. However, there were no differences 
between biotypes and their effect on M-206 plant height 
reduction, panicle reduction, panicle weight loss, plant 
yield loss, fresh biomass, and dry biomass. There were 
differences between biotypes and their effect on M-206 
tiller number and yield loss per panicle. Type 4, the 
smallest of the biotypes, had the least effect on plant 
height and biomass.

Work also continued on an in-season field trial at UC 
Davis comparing conventional flooded rice, stale seedbed 
(flushed) management and crop rotation (to be seeded 
with sorghum in 2020). There was a slight difference in 
weedy rice emergence between the conventional and 

Evaluating the Potential for Aerial Imagery to 
Detect Weedy Rice in California Rice Fields
Project Leader:
Whitney Brim-DeForest, UCCE farm advisor 
Sutter, Yuba, Placer, and Sacramento counties

In July 2018, researchers conducted a preliminary study to determine whether aerial drones with 
cameras attached could be used to help identify weedy rice in California rice fields. 

Results did not show much difference with 
observations at the field level. Yet there is a pressing 
need to improve the accuracy of mapping weedy 
rice populations. Concurrently, efforts are underway 
to develop a drone with the capacity to target and 
spray individual weedy rice populations. Without a 
map, the spray drone will be less useful.

In 2018 and 2019, researchers used two cameras 
(a red-green-blue and a multispectral) attached 
to drones in the field. One field was flown over in 
2018, and two fields were flown over in 2019. Also, 
in 2019, researchers adjusted the camera angle to 

see whether a side angle might result in better visual 
contrast. 

In a greenhouse, they employed a more sensitive 
hyperspectral sensor to determine whether this 
approach might result in better detection of weedy 
rice. Unfortunately, there was little difference observed 
in the samples from the greenhouse. 

Field testing in both 2018 and 2019 with a fixed-
wing drone also did not detect a significant difference 
between conventional rice and weedy rice (or 
sprangletop and watergrass).

Further data analysis will be conducted using the 
images collected in 2018 and 2019.

http://www.caweedyrice.com/
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In the fall of 2019, a comprehensive survey took place 
by soil sampling in fields from each major rice growing 
county. The fields were randomly selected and include 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 and 
were scheduled to be grown out in a greenhouse in 
early 2020. 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. Specific field locations are being kept 
confidential by the UC weed science team, but a general 
map showing weed locations by county will be published 
online and made public for future reference. Final survey 
results were still pending at the time of this writing.

A second objective of this project was to screen 
the new watergrass weeds for herbicide resistance.  
Ten samples collected in 2018 were multiplied in the 
greenhouse in 2019 to produce enough seed for 
screening. Herbicides for screening include clomazone 
(Cerano®), thiobencarb (Abolish® and Bolero®), cyhalofop 
(Clincher®), bispyribac-sodium (Regiment®), and propanil 
(Stam® or SuperWham! ®). Highest recommended label 
rates were to be used.

Also, a field test with an experimental herbicide 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 manufacturer is collaborating with the 
project leader on other locations for testing with additional 
chemicals in 2020.

Emerging Weed Issues  
in Rice

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

Within the past six years a number of new weed species have been identified, including winged water-
primrose, multiple weedy rice biotypes, 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.

Winged water-primrose 
is an emerging non-
native weed of concern 
because of its potential 
impact to certified rice 
seed fields.
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Researchers evaluated 
smutted rice kernels 
after soaking in a 
potassium hydroxide 
solution.

Rice Disease Research and 
Management

Project Leader:
Luis Espino, farm advisor 
UC Cooperative Extension Butte and Glenn counties 

Work continued in 2019 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. In addition, a study of the epidemiology of kernel smut began and an extensive survey of rice 
disease prevalence also took place.

Fungicide trials
Eight fungicide trials were conducted in 2019. Four trials 
targeted stem rot, two focused on aggregate sheath 
spot, and two trials focused on kernel smut. Five test 
sites were in Butte County. The others were in Colusa, 
Glenn, and Sutter counties.

In the stem rot and aggregate sheath spot trials, 
fungicide sprays were applied at midtillering, boot and 
heading. Midboot 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 midboot stage, then it 
would be possible to combine their control with control of 
kernel smut, saving costs. 

At the Rice Experiment Station (RES) trial, stem rot 
incidence and severity was moderate in 2019. Quadris® 
and Quilt Xcel® applied at the boot stage reduced the 
severity of stem rot by 35% and 54%, respectively. 
Application at heading did not result in significant disease 
reduction most likely because the applications were made 
too late. In three other stem rot trials, no significant effects 
were observed on disease incidence or severity.

Growers report that when using Quadris®, rice 
grains dry down slowly, and the RES trial showed that. 
Treatment with Quadris® or Quilt Xcel® at the boot or 
heading stage resulted in one or two percentage points 
higher moisture, respectively, at harvest than grain in 
untreated plots. Grain, milling, and head rice yields were 
not significantly affected by fungicide treatments. 

In the Colusa County trial, Quadris®, Quilt Xcel®, and 
Stratego® reduced the incidence of blast on panicles 
when applied at the boot stage by 90% and by 47% at 
heading stage. This is most likely because the heading 
application was made when 100% of the panicles 
had emerged. Blast treatment guidelines recommend 
fungicide application at early heading.

In two other trials, Quadris®, Quilt Xcel®, Excalia®, or 
Sonata® reduced the severity of aggregate sheath spot 
when applied at the boot or heading stages. Excalia® 
was highly effective in reducing the incidence and severity 
of aggregate sheath spot. At the Sutter County trial, it 

reduced disease severity by 90% when applied at the  
boot stage.

No control of stem rot or blast was observed with 
applications made at 35 days after seeding. For aggregate 
sheath spot, only Excalia® reduced disease severity when 
applied 35 days after seeding.

In general, results of the fungicide trials seem to indicate 
that reduction in stem rot, aggregate sheath spot or blast 
incidence or severity can be achieved with applications at 
the midboot stage. More evaluations need to be made to 
recommend this timing with confidence.

In the Glenn County kernel smut trial, Tilt® and Amistar® 
Top significantly reduced the number of smutted kernels 
in grain samples. In a Butte County organic trial targeting 
kernel smut, a high nitrogen rate resulted in higher levels of 
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This table shows 
results of a rice 
disease survey 
conducted in 2019 
in order to comply 
with the conditional 
rice straw burning 
program.

smut than a low nitrogen rate. As smut levels increased, 
kernel whiteness decreased. Organic fungicides had a 
weak effect on the disease.

Kernel smut
Epidemiological studies to better understand kernel smut 
distribution, incidence, and severity commenced in 2019. 
Researchers analyzed 10 samples to determine species 
identity (Tilletia horrida). Knowing the correct species 
name is critical in enabling future research efforts to 
develop accurate detection and quantification methods.

To determine whether rice seed plays a major role 
in the distribution of kernel smut, researchers tested 
several detection methods for smutted seed. Twenty-two 
lots of rice seeds were analyzed. All seed sources had 
smut-infected kernels, and 80% of all seed lots had one 
or more smut-infected rice seed. There was significant 
variability in the number of seeds with smut, ranging from 
one to 16 infested seeds in 25 grams of seed.

Rice disease survey
In order to comply with the conditional rice straw burning 
program, every five years the level of rice diseases in 
the Sacramento Valley needs to be evaluated. This 
information is used by agricultural commissioners to 
determine whether rice straw burning should continue 
in a given county. The last survey was in 2014, so a 
new assessment was needed to authorize the burning 
program for 2020–2024.

The survey included the eight Sacramento Valley 
counties where 99% of the rice is grown. In each county, 
rice fields were randomly selected for inspection. The 
number of fields surveyed in each county varied with 
the size of rice acreage—10, five or two fields in large, 
medium, and small rice growing counties. 

The survey took place between September 12 and 
October 3. Inspected fields were at the grain-filling and 
maturity stage during the survey dates. In each field, three 
or four basins were selected. A total of 162 samples, 
consisting of 1,649 inspections were taken. 

On average, stem rot and aggregate sheath spot 
were the most common diseases and were found in all 
counties. Stem rot had a higher incidence than aggregate 
sheath spot. Blast was found in only three counties. 

County
Sample 

size
Stem rot 

(%)
Aggregate sheath 

spot (%) Blast (%)
Kernel smut 

(%)

Butte 40 65.42 36.35 3.85 13.13
Colusa 30 69.00 9.33 2.67 11.00
Glenn 20 68.33 29.00 43.00 13.67
Sutter 37 65.64 56.83 0 19.19
Yolo 15 60.00 32.67 0 11.33
Yuba 10 71.33 84.67 0 55.33

Placer 4 36.67 98.33 0 0
Sacramento 6 51.67 15.00 0 0
All counties 162 65.14 38.50 6.75 15.81

Stem rot was present in every inspected field. For all 
counties, percentage of inspections with stem rot disease 
symptoms ranged from 10% to 100%, averaging 65%. 
Distribution of stem rot is uniform across the Sacramento 
Valley.

Aggregate sheath spot was present in 51 of 54 
inspected fields, with an average incidence of 35% for all 
counties. A higher incidence was found in Glenn, Butte, 
Sutter, Placer, and Yuba counties. Incidence and severity 
of this disease is greater in fields where potassium soil 
levels are below optimal, which is typically the case in the 
eastern part of the valley.

Stem rot has been a problem in California since 
the beginning of rice cultivation. Aggregate sheath 
spot became a problem after the introduction of high-
yielding, semidwarf varieties in the late 1960s. Agronomic 
practices, especially straw management, have an 
important influence on these diseases. Rice straw 
burning in the field reduces the ability of these diseases 
to survive the winter. Also, excess nitrogen can increase 
stem rot severity, while potassium deficiency exacerbates 
aggregate sheath spot. All varieties grown in California are 
equally susceptible to both pathogens.

Blast was present in only 14 fields in Butte, Glenn, and 
Colusa counties. More than half the fields inspected in 
Glenn County showed disease symptoms. Incidence in 
Butte and Colusa counties was comparatively low. Rice 
blast was first identified in California in 1996 and is now 
endemic to Glenn and Colusa counties, showing up at 
varying levels every year. Blast infections are favored by 
long periods of leaf wetness, high relative humidity and 
mild temperatures. Excess nitrogen and straw residue are 
important considerations in blast disease management. 
The recently released variety, M-210, is resistant to the 
blast races present in California.

Kernel smut was present in most counties, but 
incidence was generally low. Exceptions were north 
Glenn and Butte counties, and Yuba County, where it was 
higher. Several factors can affect the development of this 
disease, such as nitrogen level and variety. Additionally, 
contaminated seed can spread the disease. Spores 
of kernel smut can remain in the field after harvest, 
contaminating the following year’s crop.

Seedling disease and bakanae were not included in 
the survey.
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In 2019, researchers initiated trials using automated 
traps. While they appear promising, more work needs 
to be conducted on trap design. Also needed is a better 
understanding of how moth captures relate to larval 
populations and larval development. A development 
model to predict when the damage-causing late instar 
larvae are present, coupled with better monitoring, could 
lead to better prediction of infestation risk and better 
timing of insecticide applications.

Insecticide testing on armyworms
Insecticides are the primary management tool for 
armyworm control. Several insecticides were tested in a 
commercial rice field in Butte County. All larvae collected 
were identified as true armyworm and most of those were 
at the sixth instar. 

Intrepid®, Coragen®, and Prevathon® provided the 
greatest level of control at seven days after treatment 
(consistent with prior trials). Dimilin® and DiPel® provided 
control to a lesser extent. Combining Spear®-Lep—a 
spider venom-based product—with DiPel® did not 
enhance the latter’s efficacy. This trial again showed that 
Warrior® does not provide good armyworm control. 

More testing is needed for insecticide efficacy. To 
expand the ability to do so, true armyworm larvae 
were collected from the field and put on rice plants in a 
greenhouse to start a colony.  Researchers are working on 
improved rearing techniques to make this possible.

Defoliation simulation study
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. A 
study continued on the effect of artificial defoliation on rice 
yield to simulate armyworm damage. 

A trial at the Rice Experiment Station was set up June 
15 in a basin seeded with M-206. Plots were subjected to 
four defoliation treatments: none, 25%, 50%, and 100% 
of plant height above the water. When plants reached 
second tiller July 24, defoliation treatments commenced. 

Plant height was significantly affected. Plots that were 
100% defoliated, had significantly shorter plants than 
the rest of the plots. They also had a significantly lower 
proportion of panicles emerge than the other treatments. 
Heading also was was delayed by 10 to 12 days 
compared to the 50% and 25% treatments, respectively.

Yields were significantly affected by defoliation 
treatments. Plots defoliated to the water line had a 

significantly lower yield (about 25%) than plots of all other 
treatments. No yield loss was evident at either the 25% or 
50% defoliation levels.

Because of the late planting date, this experiment 
should be repeated with more normal planting times to 
determine the effect of defoliation under those conditions. 

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

Treatments were applied at different times during the 
development of the crop when insecticide applications 
typically occur in rice. Basins were flooded on June 5 and 
seeded the next day with M-206.

Two sampling methods were used. Animals were 
collected with an aquarium net weekly from four areas in 
each plot. Mosquito dip samples were used to estimate 
populations of mosquito larvae with 25 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 2019 are still being processed. For the 2018 
data, there were no significant differences in mosquito 
larvae populations between treatments. For nontarget 
invertebrate arthropods, there were no extremely large 
differences between different treatments.

Stink bugs and other invasives
No new arthropod pests were found affecting California 
rice in 2019. However invasive stink bug species continue 
to be on the radar of entomologists, specifically the brown 
marmorated stink bug. 

Brown marmorated stink bug has been expanding its 
range in California and is in some of the rice producing 
counties. Research conducted by this project in the past 
has shown that the brown marmorated stink bug can 
cause peck in rice. Peck is a kernel discoloration that 
forms as a result of stink bug feeding. This stink bug has 
not been found feeding on rice.

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 they have in Asia. 
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Armyworms
Historically, armyworms have been considered a 
secondary pest in California rice. Outbreaks occurred but 
weren’t severe for more than 25 years. But 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 as 
pests is unknown. The rice industry obtained a Section 
18 registration for Intrepid® (methoxyfenozide), and field 
reports have been positive. Use of Dimilin® is limited to 
early season applications.

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.

To improve armyworm monitoring, pheromone traps 
were established in the Sacramento Valley in seven 
locations in 2016 and 2017. In 2018, pheromone traps 

were placed in 16 locations across the valley. Traps were 
also established near rice fields in the Delta. 

In 2019, pheromone traps were used in 15 locations 
across the Sacramento Valley. 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. Six sites were monitored for 
larvae. At three of these sites where significant numbers 
of larvae were found, larvae were collected and preserved 
in alcohol.

Armyworm pressure in 2019 was similar to 2018. 
Growers and pest control advisers used Intrepid® during 
peak activity, limiting the impact of armyworm defoliation 
on the crop.

Early in the season, the number of western 
yellowstriped armyworm moths caught was at the highest 
level since 2016, peaking in May last year. Although adult 
numbers were high, larvae were not found in rice fields.

True armyworm moth numbers peaked July 1, with 
a second, smaller peak later in August. Both peaks 
coincided with the most larvae activity. There was no 
clear relationship between moth captures and larval 
counts, although high larval counts only occurred with 
high moth captures. This demonstrates that the link 
between adult moth captures and damage-causing 
larvae is not always a direct linear relationship. The sites 
with the highest number of larvae capture did have high 
moth captures, but some sites with high moth captures 
had few larvae. Experience from the last four years of 
pheromone trapping indicates that fields with low catches 
(30 or less) do not experience severe defoliation. When 
moth catches are high, defoliation may or may not be 
severe. The influence of different natural enemies on 
armyworms (insects, spiders, birds, and small mammals) 
is not currently known.

More frequent trap monitoring could improve detection 
of armyworm peaks. Other trap types such as traps that 
offer real-time data daily, could also be used to better 
time scouting and treatment needs. Various companies 
are working on automated traps and deploying them for 
crops across the United States. 

When armyworm 
defoliation of rice 
plants becomes 
noticeable, control with 
insecticides is more 
difficult because the 
pest is further along in 
its lifecycle.

Protection of Rice from Invertebrate Pests 29
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In 2019, researchers initiated trials using automated 
traps. While they appear promising, more work needs 
to be conducted on trap design. Also needed is a better 
understanding of how moth captures relate to larval 
populations and larval development. A development 
model to predict when the damage-causing late instar 
larvae are present, coupled with better monitoring, could 
lead to better prediction of infestation risk and better 
timing of insecticide applications.

Insecticide testing on armyworms
Insecticides are the primary management tool for 
armyworm control. Several insecticides were tested in a 
commercial rice field in Butte County. All larvae collected 
were identified as true armyworm and most of those were 
at the sixth instar. 

Intrepid®, Coragen®, and Prevathon® provided the 
greatest level of control at seven days after treatment 
(consistent with prior trials). Dimilin® and DiPel® provided 
control to a lesser extent. Combining Spear®-Lep—a 
spider venom-based product—with DiPel® did not 
enhance the latter’s efficacy. This trial again showed that 
Warrior® does not provide good armyworm control. 

More testing is needed for insecticide efficacy. To 
expand the ability to do so, true armyworm larvae 
were collected from the field and put on rice plants in a 
greenhouse to start a colony.  Researchers are working on 
improved rearing techniques to make this possible.

Defoliation simulation study
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. A 
study continued on the effect of artificial defoliation on rice 
yield to simulate armyworm damage. 

A trial at the Rice Experiment Station was set up June 
15 in a basin seeded with M-206. Plots were subjected to 
four defoliation treatments: none, 25%, 50%, and 100% 
of plant height above the water. When plants reached 
second tiller July 24, defoliation treatments commenced. 

Plant height was significantly affected. Plots that were 
100% defoliated, had significantly shorter plants than 
the rest of the plots. They also had a significantly lower 
proportion of panicles emerge than the other treatments. 
Heading also was was delayed by 10 to 12 days 
compared to the 50% and 25% treatments, respectively.

Yields were significantly affected by defoliation 
treatments. Plots defoliated to the water line had a 

significantly lower yield (about 25%) than plots of all other 
treatments. No yield loss was evident at either the 25% or 
50% defoliation levels.

Because of the late planting date, this experiment 
should be repeated with more normal planting times to 
determine the effect of defoliation under those conditions. 

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

Treatments were applied at different times during the 
development of the crop when insecticide applications 
typically occur in rice. Basins were flooded on June 5 and 
seeded the next day with M-206.

Two sampling methods were used. Animals were 
collected with an aquarium net weekly from four areas in 
each plot. Mosquito dip samples were used to estimate 
populations of mosquito larvae with 25 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 2019 are still being processed. For the 2018 
data, there were no significant differences in mosquito 
larvae populations between treatments. For nontarget 
invertebrate arthropods, there were no extremely large 
differences between different treatments.

Stink bugs and other invasives
No new arthropod pests were found affecting California 
rice in 2019. However invasive stink bug species continue 
to be on the radar of entomologists, specifically the brown 
marmorated stink bug. 

Brown marmorated stink bug has been expanding its 
range in California and is in some of the rice producing 
counties. Research conducted by this project in the past 
has shown that the brown marmorated stink bug can 
cause peck in rice. Peck is a kernel discoloration that 
forms as a result of stink bug feeding. This stink bug has 
not been found feeding on rice.

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 they have in Asia. 
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Environmental Fate of  
Rice Pesticides

Project Leader:
Ronald S. Tjeerdema, distinguished professor and executive associate dean 
Department of Environmental Toxicology 
College of Agricultural and Environmental Sciences, UC Davis

The overall goal of this project is to characterize how pesticides important to rice culture dissipate under 
California rice field conditions. These chemical compounds break down in the environment through 

interaction with soil, water, and air, as well as by degradation from sunlight and microbial activity. The research 
emphasis in 2019 was exclusively on the insecticide Coragen® (chlorantraniliprole).

Coragen® was registered by the U.S. Environmental 
Protection Agency for agricultural use in 2008 and by 
the California Environmental Protection Agency in 2016 
for use on California rice fields as a preflood treatment to 
control rice water weevil. 

Chlorantraniliprole, the active ingredient in Coragen®, 
belongs to an emerging class of pesticides known as 
the anthranilic diamides. It has potent activity against 
rice water weevil larvae. Because of its specificity, 
chlorantraniliprole has lower toxicity than other currently 
used insecticides on nontarget species, including crayfish 
and pollinators. 

However, it exhibits high toxicity toward some 
aquatic invertebrate species. Furthermore, other 
nontarget organisms have shown reduced activity, 
reproduction, and feeding after short-term exposure 
to chlorantraniliprole. This indicates the potential for 
ecological impacts at sublethal concentrations that could 
result from spray drift, weir leakage, or tailwater releases.

Previous research concluded that chlorantraniliprole 
is unlikely to volatilize and exhibits weak sorption to 
soil. Therefore, the photochemical degradation of 
chlorantraniliprole was characterized under simulated 
solar light. Overall, this compound degraded quickly. 
It is anticipated that that the majority of this insecticide 
will remain in soil, where it will degrade slowly through 
microbial actions. Thus, it may accumulate in the soil, 
leading to unintended chronic exposure to wildlife during 
overwintering flooding and/or the development of pest 
resistance. This research marks the completion of work 
on chlorantraniliprole under simulated California rice field 
conditions. 

Chemicals used in rice 
cultivation break down 
through many pathways. 
Information generated 
from this research 
project has helped 
protect the environment.
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It is possible to find an optimal 
AWD treatment that can reduce 
contaminants while increasing 

nutrient concentrations in grain.

To accomplish the first objective, researchers analyzed 
minerals present in iron plaque in rice roots with infrared 
spectroscopy. Iron minerals present in iron plaque were 
synthesized. Ongoing binding experiments between 
these iron minerals and arsenic are continuing to better 
understand the interactions and uptake of arsenic in the 
field.

For the second objective, iron plaque was extracted 
from dry root samples at harvest and analyzed under 
X-ray diffraction to identify the minerals present under 
different AWD treatments. Minerals that may bind easily to 
arsenic were found in the highest severity AWD treatment 
(compared to the continuously flooded treatment), 
proving that AWD has an impact on the mineralogy of iron 
plaque that can affect arsenic uptake into grain.

Finally, researchers evaluated the possibility of using 
magnetic biochar to remove metals from the soil. Biochar 
is produced through the thermal conversion of waste 
biomass, such as rice straw, in conditions of limited 
oxygen. Researchers mixed rice straw biochar and cedar 
wood chips with iron oxides to create magnetic biochar, a 
promising technology for removing contaminants such as 
metals and pesticides from rice paddies.

An update from results of the 2018 harvest: AWD 
reduces arsenic accumulation in shoots and grains but 
can lead to increased cadmium uptake. Grain samples 
from 2015 to 2018 were analyzed. Also, AWD does not 
negatively impact nutritional values for phosphorous, iron, 
potassium, and zinc and actually increased them slightly, 
confirming that it is possible to find an optimal AWD 
treatment that can reduce contaminants while increasing 
nutrient concentrations in grain.

Arsenic Speciation in Rice  
and the Environment

Project Leader:
Sanjai J. Parikh, professor
Department of Land, Air and Water Resources, UC Davis

The goal of this continuing project is to study how arsenic moves through rice systems and how 
management practices can be used to reduce arsenic uptake during cultivation. The objectives in 2019 

were: 
 • Examine the binding mechanisms of arsenic to rice root plaques to better understand arsenic   

 bioavailability under alternate wetting and drying (AWD).
 • Characterize paddy soil samples and root plaque from previous single dry-down experiments for their  

 mineral composition.
 • Explore the use of rice straw biomass, rich in silica, as a means to reduce arsenic uptake.
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Planted acres from 
1912 to 2018 in 
California (Source: 
USDA).

Identifying Opportunities for 
Improving Water Use Efficiency  
in California Rice Systems

Project Leader:
Bruce Linquist, UCCE rice specialist 
Department of Plant Sciences, UC Davis

This project previously focused on quantifying water use in California rice systems and identifying 
opportunities for conserving water. This work has been completed. Three areas of accomplishment include 

a model predicting crop development, quantifying salinity, and understanding the hydrology of rice systems—
seepage and percolation rates, in particular. 

The focus has now shifted to examining land-use 
changes in the Sacramento Valley. From 2000 to 2013, 
California rice averaged 543,000 acres per year. Since 
2013, rice acreage has decreased and is now less than 
500,000 acres. Some rice acreage is being converted 
to permanent crops, some is rotated with other annual 
crops, and still other land is being fallowed. What is 
driving these changes can be linked to water. For 
instance, water sales during times of drought have left 
significant acreage fallow. 

Understanding the nature of these changes is 
important to the future of the rice industry. Project 
scientists will be looking at and talking to growers about a 
broad range of issues, such as where annual crops have 
been grown successfully in rotation with rice. Objectives 
for 2019 research included:
 • Collect Landsat satellite data from 2000 to present for 
the Central Valley.

 • Identify other crops in the region with a focus on annual 
field crops, orchards, and fallow land.

 • Develop methods for detecting land-use change.

Rather than downloading and collecting Landsat 
satellite data, researchers utilized Google Earth Engine, a 
cloud-based computing platform to efficiently analyze and 
interpret Landsat satellite imagery.

Additional research focused on analyzing the USDA 
Cropland Data Layer (CDL) dataset. This consists of annual 
crop maps from 2008 to 2018 for the entire United States. 
Also, Landsat data for rice in the Sacramento Valley is not 
available for 2000 through 2008.

By working with CDL, researchers were able to identify 
the major crops in California’s Central Valley. Preliminary 
analysis shows, not surprisingly, six major players in land-
use change dynamics in the Sacramento Valley: rice, 
walnuts, almonds, alfalfa, annual crops, and fallow.
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Preliminary crop 
estimates within 
the 15 major water 
districts of the 
Sacramento Valley 
10 years apart. 
Further research 
and farmer input is 
planned for 2020 to 
fine-tune the data.

However, some problems were noted with the CDL 
data, such as low detection accuracy for fallow and some 
orchard crops and low accuracy for field boundaries. By 
assessing the CDL dataset and conducting preliminary 
analysis of land-use change patterns in the Sacramento 
Valley, researchers developed a road map for building 
their own improved crop map dataset. This is a primary 
objective for 2020 research and will improve field-crop 
detection accuracy and better acreage estimates. Farmer 
input will be incorporated into the validation process to 
further increase accuracy.

While researchers improve the dataset, early tests 
confirm that rotation with annual crops is most common 
in the southern part of the Sacramento Valley, fallowed 
rice fields are most common in Butte County, and fields 
in rice production every year are most common in Colusa 
and Glenn Counties. Once dataset improvements are 
made, precise figures about land use in the Sacramento 
Valley can be made with greater confidence.
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Setup for laboratory 
test: (1) clear cylinder, 
(2) sample infesting, 
(3) rice mixing and trap 
assembling, (4) final 
setup

The raspberry Pi was replaced with an electronic circuit 
called a micro-breadboard that was installed in the cap of 
the insect trap. Wireless Wi-Fi and sensors were added to 
each trap to measure temperature and relative humidity. 
AA batteries were also added to provide an independent 
power source. These changes significantly improved 
handling, convenience, and energy efficiency of the 
new system. Also, modifications to the insect-counting 
algorithm were made to improve accuracy.

The upgraded imaging system consists of the traps, 
a server, and user interface. A user sends a command to 
the server, which signals the trap to take a photographic 
image in the collecting chamber. The user can control 
how many photos should be taken. Images are then sent 
back to the server, where they are saved, cropped and 
processed with the accounting algorithm that counts the 

Insect Monitoring and  
Early Detection System for  
Rice Storage

Project Leader:
Zhongli Pan, adjunct professor 
Department of Biological and Agricultural Engineering, UC Davis

The goal of 2019 research on this project was to further improve a real-time insect monitoring and early 
detection system for insect activity in rice storage facilities. Engineers previously created and tested a real-

time monitoring system consisting of insect traps, USB cameras, LEDs, a tiny computer called a raspberry Pi, a 
server, and a user interface. Research last year focused on improving handling, convenience, effectiveness, and 
accuracy, as well as reducing energy use of the imaging system.

number of insects captured per trap. Data related to the 
number of insects, temperature and relative humidity are 
then sent back to the user interface.

The system was evaluated in laboratory experiments 
and at a commercial rice storage facility. Results were 
consistent and confirmed high effectiveness and accuracy 
for monitoring and early detection of insect activity in stored 
rice.  Insect emergence in the laboratory was detected in 
less than 20 minutes under various infestation levels. After 
24 hours, recovery rates ranged between 73% and 83%. 
Accuracy of image counting in the new system was just 
over 94%. At the commercial storage facility, it took only 
12 minutes to detect insect activity with an accounting 
accuracy of just over 91%.

This new system could be used for early 
detection of insect activity in stored rice with 
high accuracy, reliability, and low costs and 
labor. However, further research is needed 
to demonstrate the system for commercial 
use. The server needs some modification so 
it can communicate with multiple traps. Apps 
also need to be developed so users can 
monitor the system with their smartphones.  
For scaling up to commercial application, a 
set of 15 traps need to be tested for insect 
activity and critical temperature and relative 
humidity related to insect emergence.

→

↓

←

•1 •2
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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 research is to develop efficient processes to isolate rice straw components and to convert 
them into new nanomaterials and advanced functional products. In 2019, work focused on expanding 

high-performance product development and technology transfer of existing rice straw nanotechnologies. 

The most diverse array of nanocelluloses, including 
rod-like cellulose nanocrystals and super-thin and long 
cellulose nanofibrils with tunable surface chemistries and 
charges have been fabricated from rice straw cellulose. 
These are the most diverse assortment of nanocelluloses 
from a single source among agricultural biomass. 
They have potential applications as oil dispersants, 
antimicrobial agents, microbial coagulants, synthesis 
templates for nanoparticles, aqueous exfoliating agents 
for graphene, and nano-building blocks for a range of 
fibers, films, coatings, hydrogels, and aerogels. 

Proof of concept has been demonstrated in 
applications of these advanced materials for oil-
water separation, water purification, organic solvent/
hydrocarbon removal or oil cleanup, films and coating 
technologies, conducting aerogels, strain sensor, CO2 
capturing, thermal insulation, and moisture responsive 
nanopaper to name a few. 

Technology transfer
One U.S. patent was filed in March 2019, one 
international patent application was filed in October 2019, 
and one new record of invention for provisional patent 
was filed in August 2019. Altogether, five total provisional 
patents, two each in 2017 and 2018, as well as one in 
2019, have been filed in connection with this research.

To exploit potential products and applications from 
provisional patents, timely effort is critical to target 
more specific applications of the strong, wet resilient, 
and tunable aerogels. Three global companies and 
two startups have entered into confidential disclosure 

agreements and begun discussions on developing rice 
straw nanocellulose and nanosilica-based products. 
Four other inquiries of potential applications have led to 
discussions of technology development and transfer, 
including one on rice straw nanosilica gas absorbents  
and three on nanocellulose aerogels for health, 
automobile, and insulation applications.  

Aerogel product development
Rice straw nanocellulose aerogels represent the most 
developed, advanced materials from rice straw, and 
have already reached a high level of technical readiness. 
Nanocellulose aerogels are super-absorbent of aqueous, 
as well as organic liquids. This amphiphilic attribute is 
so unique that it distinguishes rice straw nanocellulose 
aerogels from both the hydrophobic carbon and the 
hydrophilic silica aerogels--or those based on dissolved 
cellulose.

These nanocellulose aerogels have many unique 
attributes that differentiate them from commercially 
available aerogels. Shaping nanocellulose aerogels into 
desired forms and dimensions has targeted the most 
challenging engineered forms, such as fibers that can 
be fabricated into flexible mats and knitted, woven, and 
nonwoven wearable materials for thermal protective 
applications. 

Highly porous and strong, cellulose-rich coaxial fibers 
have been successfully engineered as novel thermal 
insulation materials. A sheath containing multiscale pores 
on both inner and outer surfaces provided a protective 
surface layer for the cellulose nanofibril aerogel core. 

These porous coaxial fibers have many desirable 
qualities, including low density, high porosity, high specific 
tensile strength, wide working temperature range, 
large-scale producibility, as well as biodegradability. The 
unique combination of multiscale porous sheath and 
ultralow density aerogel core synergistically restrains 
air circulation to limit convective heat transfer, while the 
poor conducting cellulose permitted little conductive 
heat transfer. The highly crystalline aerogel cellular walls 
prohibit infrared radiation, effectively suppressing heat 
transfer under extreme temperatures. 

Altogether, five total provisional 
patents, two each in 2017 and 
2018, as well as one in 2019, 

have been filed in connection 
with this research.
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Potential New Uses for  
Rice Straw and Hulls

Project Leader:
Joseph Greene, professor 
Department of Mechanical Engineering and Manufacturing Technology 
California State University, Chico

Finding new uses for waste products such as rice straw and hulls is an ongoing area of interest to the rice 
industry. A new project investigated two potential applications—one for an automotive interior part and 

the other for plastic bags.

Ford Motor Co. engineers are interested in the potential 
use of rice straw and hulls as a reinforcement for interior 
parts in their trucks. In 2019, researchers added rice 
straw and hulls to recycled polypropylene plastic at 
concentrations of 20% and 40%. The rice straw and 
hulls significantly increased tensile and impact properties. 
In this testing, the 40% mixture proved best for an 
automotive interior part.

Roplast Industries in Oroville has expressed interest 
in a cellulose-polyethylene plastic bag with a textured 
surface if an appropriate manufacturing process can 
be developed. Cellulose can help provide an attractive 
surface with a textured feel.

Thus, a second area of research focused on 
combining recycled polyethylene with rice straw and hulls, 
which contain about 50% cellulose, to make plastic bags. 
Engineers compounded rice straw and hulls with 2% to 
5% (by weight) concentrations with polyethylene. 

Plastic bags with 3% rice straw and hulls were 
tested for bag performance. This research showed that 
compounded rice straw and hulls helped make excellent 
plastic bags with higher tear strength. 

The project will continue to develop the manufacturing 
process and produce plastic bags on a production line.

Sustainable manufacturing 
students at Chico State 
University are compounding 
almond shells and recycled 
plastic as part of this 
research.
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Demand for cement to produce concrete in California 
is predicted to grow by 65% beyond 2015 levels. And 
with it, the demand for mineral mixtures like fly ash to 
improve constructability, performance, and sustainability 
of concrete will also grow. However, fly ash is a byproduct 
of coal-fired plants and must be imported from other 
states, raising environmental issues and concerns about 
continued supply.

Under proper combustion methods, rice hull ash can 
contribute desirable qualities to concrete. Rice straw ash 
is more constrained by its chemical composition. The 
potential availability of ash produced from rice hulls and 
rice straw is approximately 400,000 tons annually. Rice 
ash has the potential to be economically, logistically, and 
environmentally viable as an additive in concrete, but 
research must verify the feasibility of this product for the 
concrete industry to accept it. 

Research findings
Concrete mixtures formed with rice ash from current 
bioenergy production methods were examined to 
determine mechanical and durability properties. 
Experimental findings showed that the use of rice hull 
ash could contribute to some changes in compressive 
and flexural strength, but varying changes in durability. 
In some cases, there were limited or improved changes 
to performance, but without any treatments to the rice-
ash some expansive products were formed in alkali- and 
sulfate-reactivity tests.

One of the potential limitations of rice straw ash is 
the presence of high potassium levels, which leads to 
undesirable properties in concrete. Initial studies have 
shown that biomass treatments, such as leaching in 
water, can lead to a reduction in alkali metals, particularly 
potassium. Two leaching methods were tested to 
determine their success at removing unwanted alkali 
metals from rice-based waste. The first method used tap 
water and the other approach was with an acid solution. 
Leachate was analyzed for soluble elements. Acid 
leaching did not improve the removal rate of potassium 
from rice straw, although in most cases it did remove 
more soluble elements than water leaching.

Feasibility Assessment for use of 
Rice Straw Ash in Concrete

Project Leader:
Sabbie Miller, assistant professor 
Department of Civil and Environmental Engineering, UC Davis

A previously conducted literature review showed that 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. 

Concrete mixtures 
formed with rice ash 
were examined to 
determine mechanical 
and durability 
properties.
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Industry survey
To determine the benefits and constraints that 
could affect the economic feasibility of using 
rice-based ashes in concrete, surveys were given 
to bioenergy facilities, hullers, hull management 
representatives, straw balers, and concrete 
suppliers. The survey also sought to determine 
the potential for the leaching considered in this 
work.

Several key findings were noted. For energy 
producers, leaching with acid may not be feasible 
at any of the stages in ash production. They 
also noted that storage of ash is difficult. For 
millers and those involved in hull management, 
the storage of raw material was seen as difficult 
for some. Further, these groups mentioned that 
several other products using straw, hulls, and ash 
are either dwindling or are obtaining biomass at 
low prices. For straw balers, water leaching was 
seen as too difficult to do in the fields.  Balers 
also noted that other products using biomass 
were obtaining low prices. For concrete suppliers, 
the key issue was obtaining ash with consistent 
properties and having consistent access to ash. 

An economic feasibility assessment showed 
there is economic potential for using rice as 
an energy and ash resource in California. 
Assessments using current technologies for 
rice ash combustion show there is a margin for 
transport and limited processing that could still 
lead to an economically favorable energy resource 

from rice residues. Environmental impact assessments 
suggest that the production of rice-based energy is 
favorable compared to fossil fuel-derived energy. If both 
electricity and rice ash for concrete are products from 
rice residues, there would be an anticipated reduction 
in environmental impacts relative to conventional 
cementitious binders.

Thus, findings to date suggest there is potential for 
rice-based ashes to be used effectively in concrete 
production. Continuing experiments will assess the effects 
of different ashes formed with each leaching condition 
and biomass combustion temperature on cement-based 
mortar strength. Further study should also be considered 
in a few areas that could support feasibility of using rice-
based ashes in concrete, such as material properties and 
an exploration of other, potentially beneficial products 
that could improve value and/or mitigate costs and 
environmental impacts.

Students working on 
this project batched 
concrete mixtures. In 
some cases, there were 
limited or improved 
changes to concrete 
performance.



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 combined 
statement of financial position as of August 31, 2019, 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 materi-
al 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 manage-
ment, 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 Cal-
ifornia Rice Research Board as of August 31, 2019, 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.

Emphasis of Matter – Change in Accounting Principle 
As described in Note 1.K to the financial statements, for the fiscal year ended August 31, 2019, the Board adopted new 
accounting guidance, Financial Accounting Standards Board (FASB) Accounting Standards Update (ASU) 2016-14, Not-
for-Profit Entities (Topic 958 – Presentation of Financial Statements of Not-for-Profit Entities). Our opinion is not modified 
with respect to this matter.

Other Matters
Other Information
Our audit was conducted for the purpose of forming an opinion on the financial statements as a whole. The supplemen-
tary 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 informa-
tion 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 ac-
cordance 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, June 15, 2020
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF FINANCIAL POSITION
AUGUST 31, 2019

See auditor’s report and notes to financial statements.
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF FINANCIAL POSITION 
AUGUST 31, 2019 

General Reserve
Fund Fund Totals

ASSETS
   Current Assets:
      Cash and Investments (Note 2) 1,190,254$  10,287,441$  11,477,695$
      Assesments Receivable 148,130       -                     148,130
      Interest Receivable -                   49,796           49,796          
      Other Receivables 17,800         -                     17,800          
      Prepaid Research Expenses 8,600           -                     8,600            

1,364,784    10,337,237    11,702,021
   Non-Current Assets:
      Equipment, Net of Accumulated Depreciation (Note 4) -                   -                     -                    
         

Total Assets 1,364,784$  10,337,237$  11,702,021$

LIABILITIES AND NET ASSETS
   Current Liabilities:
      Accounts Payable 21,324$       -$                   21,324$        
      Research Contracts Payable 26,690         -                     26,690          

   Total Liabilities 48,014         -                     48,014          

   Net Assets:
      Without Donor Restrictions 1,316,770    10,337,237    11,654,007

Total Liabilities and Net Assets 1,364,784$  10,337,237$  11,702,021$

See auditor’s report and notes to financial statements. 
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF ACTIVITIES
FOR THE YEAR ENDED AUGUST 31, 2019

See auditor’s report and notes to financial statements.
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CALIFORNIA RICE RESEARCH BOARD 
COMBINED STATEMENT OF ACTIVITIES 
YEAR ENDED AUGUST 31, 2019 

General Reserve
Fund Fund Totals

Without Donor Restrictions
REVENUE
   Assessments 2,869,147$  -$                   2,869,147$
   Interest -                   293,939         293,939
   United Tariff- Rate Quota Management Funds (Note 5) -                   1,478,139      1,478,139
   Miscellaneous 17,882         -                     17,882          

Total Revenues Without Donor Restrictions 2,887,029    1,772,078      4,659,107

EXPENDITURES
   Administrative:
      Administrative Services 145,548       -                     145,548
      Administrative Tax and Insurance 11,762         -                     11,762          
      Annual Report 28,680         -                     28,680          
      Audits 11,645         -                     11,645          
      Depreciation (Note 4) -                   -                     -                    
      Insurance 1,641           -                     1,641            
      Management Benefits 14,952         -                     14,952          
      Memberships 1,000           -                     1,000            
      Newsletter 900              -                     900               
      Office Facilities 4,114           -                     4,114            
      Office Services 225              -                     225               
      Office Supplies 6,902           -                     6,902            
      Postage 3,115           -                     3,115            
      Telephone 902              -                     902               
      Travel and Mileage 6,354           -                     6,354            

237,740       -                     237,740
   Program:
      Research (Note 6) 2,873,134    700,000         3,573,134
      Rice Research Trust Grant (Note 7) -                   500,000         500,000

2,873,134    1,200,000      4,073,134
   Departmental:
      Marketing Branch 35,675         -                     35,675          
      Enforcement 15,000         -                     15,000          

50,675         -                     50,675          

Total Expenditures 3,161,549    1,200,000      4,361,549

INCREASE (DECREASE) IN NET ASSETS
   WITHOUT DONOR RESTRICTIONS (274,520)      572,078         297,558

NET ASSETS AT BEGINNING OF YEAR
   WITHOUT DONOR RESTRICTIONS 1,591,290    9,765,159      11,356,449

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

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, 2019

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, 2019 

General Reserve
Fund Fund Totals

CASH FLOWS FROM OPERATING ACTIVITIES
   Increase (Decrease) in Net Assets (274,520)$    572,078$       297,558$
   Adjustment to reconcile change in net assets to net
      cash provided by (used for) operating activities:
      (Increase) Decrease in:
         Assessments Receivable (49,637)        -                     (49,637)
         Interest Receivable -                   (7,019)            (7,019)
         Prepaid Research Expenses 13,094         -                     13,094
      Increase (Decrease) in:
         Accounts Payable 15,970         -                     15,970
         Research Contracts Payable (27,686)        -                     (27,686)

NET CASH FLOWS PROVIDED BY OPERATING
   ACTIVITIES (322,779)      565,059         242,280

BEGINNING CASH AND INVESTMENTS 1,513,033    9,722,382      11,235,415

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

See auditor’s report and notes to financial statements. 
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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, 2019, the Board established an assessment rate of $0.065 
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, 2019
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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, 2019 were approximately $900.  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 being 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

On August 18, 2016, FASB issued Accounting Standards Update (ASU) 2016-14, Not-for-Profit Entities (Topic 
958)—Presentation of Financial Statements of Not-for-Profit Entities. The ASU addresses the complexity and 
understandability of net asset classification, deficiencies in information about liquidity and availability of 
resources, and the lack of consistency in the type of information provided about expenses and investment 
return. The Board has implemented ASU 2016-14 and has adjusted the presentation in these financial 
statements accordingly. 

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, 2019, the Board met their reserve policy.

NOTE 2  CASH AND INVESTMENTS
Cash and investments at August 31, 2019 consisted of the following (cost approximates fair market value):

CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2019
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CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS 
YEAR ENDED AUGUST 31, 2019 

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, 2019, the Board met their reserve policy. 

NOTE 2 - CASH AND INVESTMENTS 

Cash and investments at August 31, 2019 consisted of the following (cost approximates fair market 
value): 

Totals
Cash:
   Bank Deposits 38,449$         
Investments:
   Local Agency Investment Fund 11,439,246    

Total Cash and Investments 11,477,695$

General Fund 1,190,254      
Reserve Fund 10,287,441    

11,477,695$

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, 2019, as provided by the LAIF Administrator, was 
$11,501,018. 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 $11,702,021 of financial assets available within one year of the statement of 
financial position date consisting of cash of $38,449, investments of $11,439,246, assessments 
receivable of $148,130, interest receivable of $49,796, other receivables of $17,800, and prepaid 
research expenses of $8,600. 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. 
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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, 2019, as provided by the LAIF Administrator, was $11,501,018. 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 $11,702,021 of financial assets available within one year of the statement of financial position date 
consisting of cash of $38,449, investments of $11,439,246, assessments receivable of $148,130, interest receivable 
of $49,796, other receivables of $17,800, and prepaid research expenses of $8,600. 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 was fully depreciated for the year ended August 31, 2019.

NOTE 5 UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS
Of the total $1,478,139 United Tariff-Rate Quota Management Funds reported in the Reserve Fund, $42,375  
was received from EU-TRQ funds and $1,435,764 was received from Colombia Rice Export Quota, Inc.  
(COL-RICE) during the year ended August 31, 2019. 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 $1,435,764 is the Board’s 
portion of these funds.
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CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS 
YEAR ENDED AUGUST 31, 2019 

NOTE 4 - EQUIPMENT 

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, 2019. 

NOTE 5 - UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS 

Of the total $1,478,139 United Tariff-Rate Quota Management Funds reported in the Reserve 
Fund, $42,375 was received from EU-TRQ funds and $1,435,764 was received from Colombia 
Rice Export Quota, Inc. (COL-RICE) during the year ended August 31, 2019. 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 $1,435,764 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, 2019 is as follows: 

General Reserve
Fund Fund

Research:
   California Cooperative Rice Research
      Foundation (CCRRF) 1,526,649$  700,000$    
   University of California 1,199,426    -                  
   United States Department of Agriculture 79,567         -                  
   Other Contracts 67,492         -                  

Total Research Program Expenditures 2,873,134$  700,000$    

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 2019, the Board made a donation from the Reserve Fund of 
$500,000. 
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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, 
2019 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 2019, the Board made a donation from 
the Reserve Fund of $500,000.

NOTE 8 CONCENTRATION OF CREDIT AND MARKET RISK
Included in assessments receivable are amounts due from four handlers which represents 55% of total 
assessments receivable as of August 31, 2019.

There were four handlers who paid 50% of the assessment revenue for the year ended August 31, 2019.

NOTE 9 SUBSEQUENT EVENTS
Subsequent events have been evaluated through June 15, 2020 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.
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NOTE 4 - EQUIPMENT 

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, 2019. 

NOTE 5 - UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS 

Of the total $1,478,139 United Tariff-Rate Quota Management Funds reported in the Reserve 
Fund, $42,375 was received from EU-TRQ funds and $1,435,764 was received from Colombia 
Rice Export Quota, Inc. (COL-RICE) during the year ended August 31, 2019. 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 $1,435,764 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, 2019 is as follows: 

General Reserve
Fund Fund

Research:
   California Cooperative Rice Research
      Foundation (CCRRF) 1,526,649$  700,000$    
   University of California 1,199,426    -                  
   United States Department of Agriculture 79,567         -                  
   Other Contracts 67,492         -                  

Total Research Program Expenditures 2,873,134$  700,000$    

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 2019, the Board made a donation from the Reserve Fund of 
$500,000. 
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California Rice 
Research Board

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

Members District Alternates

Imran Khan
Chico

M: 530-517-2222 1 Rob Doornbos
Chico

M: 530-774-5475

Jason Bowen
Maxwell

M: 530-682-3489 2 Jared J. Gross
Grimes

O: 530-458-5831

Brett Scheidel
Nicolaus

M: 916-417-2282 2 Rob Van Dyke
Pleasant Grove

M: 916-496-1656

Mike Dewit
Davis

O: 530-756-5617 3 Brian McKenzie
Plumas Lake

M: 916-709-7884

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 vacant

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

Public Member RES Liaison

Gilbert Stresser
Yuba City

M: 530-701-9714 Steve Willey
Nicolaus

M: 530-682-7832

Dana Dickey, manager
P.O. Box 507, Yuba City, CA 95992
Phone: 530-673-6247 • Fax: 530-674-0426 • www.carrb.com 
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