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A somewhat related project has documented the 
important role that ammonia oxidizers in the root zone 
and nitrate enzyme activity in rice leaves have on nitrogen 
use efficiency and ultimately on rice yield. This research 
is reported in Role of Nitrification in Rice Systems to 
Support Nitrogen Use Efficiency.

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. Twelve separate studies in 2018 evaluated 
different formulations and new active ingredients 
in continuously flooded rice systems. Research on 
drill-seeded rice systems focused on field trials and 
greenhouse studies with M-105, M-205, M-206 and 
M-209. Testing for suspected herbicide resistant weed 
populations from grower fields continued. This work is 
reported in Weed Management in Rice.

Scientists have been working with the industry since 
2016 on an area of increasing concern: weedy red rice. 
Six distinct populations of weedy red rice have been 
identified. Experiments were conducted to determine 
the relative competitive ability of weedy red rice biotypes 
against M-206. Regardless of biotype, weedy red rice 
adversely affected M-206 yield components, including 
aboveground biomass, panicle weight and number, and 
yield per plant. This research is reported in Weedy Red 
Rice Control.

Rice diseases of concern to the California rice industry 
include aggregate sheath spot, stem rot, and kernel 
smut. In 2018 fungicide research, two Butte County trials 
focused on stem rot, one Sutter County trial focused 
on aggregate sheath spot, and two Glenn County trials 
focused on kernel smut. Good disease control was 
achieved with some of the treatments. Research also 

California’s public rice breeding program is conducted 
and managed by scientists at the Rice Experiment Station 
(RES). The program has made 50,208 crosses and 
released 50 improved public rice varieties in 11 different 
market classes since its inception in 1969. Foundation 
seed head rows were grown for breeder seed of A-202, 
Calaroma-201, M-210, M-104, and Calamylow-201 in 
2018. Read about the intensive work involved for new 
variety development in the Rice Breeding Program section.

Testing of promising experimental lines takes place at 
16 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. This work is reported in 
Genetics for Rice Improvement.

Fertilizer research in 2018 focused on remote sensing 
of nitrogen status, ammonia volatilization at eight farm 
locations, and continuing work on the management of 
rice under alternating wet/dry (AWD) conditions. Some 
highlights: remote sensing techniques helped establish a 
threshold for a top-dressed nitrogen fertilizer application; 
ammonia volatilization accounted for less than 0.2% of 
applied fertilizer in aqua- and urea-drilled treatments; 
ongoing AWD research with a single dry-down period 
showed no yield differences across treatments and low 
greenhouse gas emissions. Read about this work in 
Improving Fertilizer Guidelines for California’s Changing 
Rice Climate.

California Rice 
Research Board 
Chairman Jason Bowen

Welcome to the 50th annual report to the California Rice Growers.  This significant milestone in the 
history of  the California rice industry is an opportunity to pause and reflect on the tremendous progress 

five decades of  dedicated research funding has brought to fruition. We have included a special tribute section 
in this annual report in addition to updates on rice breeding, genetic improvement, variety trials, weed and 
disease management, fertilizer guidelines and nitrogen use efficiency, invertebrate pest control and insect 
monitoring, water use efficiency, environmental research, and studies examining rice byproduct utilization. 
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continued on methods assessing the level of kernel 
smut for a quick field evaluation by growers and PCAs. 
This work is reported in Rice Disease Research and 
Management.

In 2018, rice water weevil (RWW) research examined 
10 different active ingredients at the Rice Experiment 
Station. All treatments had significantly lower RWW larvae 
numbers than the control. A variety susceptibility study 
showed a high level of variability, but low RWW pressure 
overall meant findings were inconclusive. In research on 
the control of tadpole shrimp, Dimilin®, an insect growth 
regulator, worked well when the shrimp were small but 
can take longer on larger shrimp. To improve armyworm 
monitoring, pheromone traps were placed in 16 locations 
across the valley. 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 2018 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 
soil nutrients such as nitrogen and phosphorous may be 
playing a role in degradation. Read about this research in 
Environmental Fate of Rice Pesticides.

A study begun in the fall of 2017 continued in 2018 to 
compare methyl mercury dynamics in six representative 
Sacramento Valley commercial rice fields receiving 
two types of irrigation water, fresh and recycled. This 
research documented the seasonal ebb and flow of 
methyl mercury concentrations over the course of a year 
during winter and the growing season. Read about some 
preliminary results in Mercury in California Rice Systems.

A project examining arsenic uptake during rice 
cultivation is showing the potential for AWD treatments 
to minimize arsenic uptake. Analysis of nutrient 
concentrations also found no negative impact on 
concentrations of phosphorous, iron, zinc, and 
potassium in grain. Read about this research in the 
section Arsenic Speciation in Rice and the Environment.

In research to improve water use efficiency, a study 
on flooded rice fields showed that lateral seepage, 
while universally low, varied depending on whether the 
field was bordered by a drainage ditch, fallow field, 
flooded field, or supply canal. A complete water balance 
calculated for three commercial rice fields documented 
how percolation and lateral seepage can vary. Read 
more in Identifying Opportunities for Improving Water Use 
Efficiency.

A variety of insect pests can infest stored rice. To 
address this issue, engineers developed a real-time 
insect monitoring and detection system using insect 
traps, USB cameras, LEDs, a tiny computer called a 
Raspberry Pi, a server and a user interface. The new 
system was successfully tested at a commercial rice 
storage facility. With further refinements, the industry 
should have a new tool for monitoring and early detection 
of insect activity in rice storage facilities with high 
accuracy, reliability and safety, as well as low cost and 

labor savings. Read about this new research project in 
Insect Monitoring and Early Detection System in Rice 
During Storage.

An ongoing project studying how to convert rice 
straw components into nanomaterials and advanced 
functional products continues to produce impressive 
results. A diverse array of nanocelluloses have been 
fabricated, including electrically conductive aerogels 
and a graphene-derived nanopaper. This work is 
reported in Novel Nanomaterials and Performance 
Industrial Products.

A project at Chico State continued a study into the 
use of rice straw ash in alkali-activated slag cement. 
This research demonstrates that rice straw ash 
improves the physical properties of concrete and could 
help reduce the cost and carbon footprint of alkali-
activated concrete production. This work is reported in 
Improving Concrete Properties with Rice Straw Ash.

A related project by the same research team is 
looking into the use of rice hull ash in concrete. Before 
experiments could be completed, however, smoke from 
the Camp Fire in nearby Paradise closed the Chico 
State campus and brought research to a halt. Most of 
the experiments will be repeated in 2019. Nonetheless, 
initial data obtained prior to the Camp Fire, showed that 
adding rice hull ash in concrete increases strength but 
reduces concrete workability. This work is reported in 
Utilization of Rice Hull Ash in Concrete.

The Rice Research Board also commissioned a 
literature review on the use of rice-based ashes in 
cement and the development of a “roadmap” for future 
research. In short, while the potential is there, concerns 
must be addressed. For instance, a survey of ready-
mixed concrete producers revealed that cement users 
lack understanding about the performance of ash 
products in concrete and are also concerned about the 
continuous availability of high quality ash. The roadmap 
suggests inclusion of further research on the physical 
aspects of using these products, an assessment of 
availability and transportation, and economic and 
environmental analyses to determine viability.

That’s a quick summary of grower-funded research 
from 2018. Progress in rice research happens 
incrementally one year at a time. When we take the 
long view and reflect on how much the industry has 
evolved as a result of our ongoing investments for the 
past 50 years, it’s really an amazing story. The rice 
industry is a rock-solid part of the fabric of California 
agriculture in no small part because of the hard work 
and dedication shown by generations of scientists who 
have helped us meet the challenges that come our way 
and to embrace new opportunities with transformative 
innovations. Who knows what the next 50 years will 
bring, but we have a time-tested instrument of progress 
that’s proven its worth. Wishing you all the best for 
another safe and productive year in rice country.



Grower funded research has 
been the key to 50 years of 
rice industry advancement 50th

Fifty years ago this summer, the California rice industry made a profoundly important decision 
to secure a reliable source of  funding for research into higher yielding varieties, improved cultural 

practices, and the tools to address environmental issues.

California had fallen behind the efforts of the 
Southern rice industry and other rice producing 
countries. Industry leaders at the time believed 
strongly that rapid improvements in production 
were needed for the state’s growers to compete 
successfully in domestic and world markets. 

Growers responded enthusiastically to a 
referendum held from June 13 to August 3, 1969 
under the provisions of the California Marketing 
Act of 1937. It passed overwhelmingly, with 79 
percent of participating growers voting in favor. 
This vote gave the industry the legal authority to 
create the California Rice Research Board, a new 
entity with the power to assess growers a small 
fee on paddy rice to fund a durable research 
program that would move the industry forward.

Up until this time, rice growers relied mostly on 
three tall-statured varieties: Colusa (1917), Caloro 
(1921), both short grains, and later the medium 
grain Calrose (1948). Calrose was significant 

because it enabled California to become the leading 
medium grain producing state in the nation. Today, 
about 90% of the rice grown in California is medium 
grain, with different types of short grains and long 
grains making up the rest.

Establishing the California Rice Research 
Board gave the industry the ability to build upon 
the Calrose foundation through the creation of 
an accelerated rice breeding program at the 
Rice Experiment Station in Butte County. Varietal 
improvement was the chief objective of the new 
marketing order for rice research, and it remains  
just as important today. 

Well over 50,000 crosses for varietal 
improvement have been made since 1969. 
To date this has led to the development of 50 
improved public rice varieties in 11 different 
market types. Some of the major 
improvements over the years include 
the development of smooth hulls that 
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NEW VARIETIES 1971–1981

1971
CS-M3

1972
CS-S4

1975
M5
S6

1976
Calrose 76 

1978
M7
M9

1979
M-101
L-201
Calmochi- 
201

1980
M-301
S-201

1981
M-302
M-401
Calmochi- 
202



(continued)

improved handling, shorter straw height 
that produces more grain and less straw, 
earlier maturing varieties, and improved 
milling yield and stability. The timeline at 
the bottom of this special section shows 
the steady development of new varieties.

Average yields were about 5,250 
pounds/acre in 1969. With the advent 
of short-statured varieties, yields began 
to grow significantly—to 6,450 pounds/
acre within 10 years. By 1985 average 
yields topped 7,400 pounds/acre. By 
2008, statewide average yields were 
8,300 pounds/acre. While rice quality and 
harvest characteristics have improved 
significantly over the years, yields began 
leveling off in the 1990s because of 
factors such as weather uncertainties 
and the phase out of rice field burning. 
Nonetheless, California rice yields today 
can and do exceed 10,000 pounds/
acre, depending on the variety and good 
growing conditions. 

In addition to the development of 
new rice varieties, other top priorities 
included development of crop residue 
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1982–1991

1982
M-201

1984
L-202

1985
M-202
Calmochi- 
101

1987
  M-102
    A-301 

1988
M-203
S-101

1989
M-103

1990
S-301

1981
M-302
M-401
Calmochi- 
202

1991
L-203

How the California Rice Research Board makes 
decisions about projects to fund

T he California Rice Research Board is made up of 11 grower 
members and their alternates, along with a public member 
and a liaison to the Rice Experiment Station. Board members 

represent one of three districts and serve three-year terms 
staggered a year apart to ensure consistency of oversight. The 
Board has principle responsibility for deciding the assessment rate 
and where to invest research funds and has developed a careful, 
deliberative process for ensuring that those funds are spent wisely. 

Starting in November and December, board members serving 
on one of three research committees—genetics, pest management, 
and rice culture and utilization—meet to review preliminary results 
of research from the year just ending and recommend adjustments 
to project leaders. Once final proposals for continuing research 
have been received, a University of California technical advisory 
committee weighs in with opinions on the merits of those projects. 

In late January the board receives full reports about the previous 
year’s research and new project proposals. The board then has 
an opportunity in February to hear directly from researchers 
about new project proposals and to influence project direction as 
needed. The research committees make their recommendations 
on which projects to fund, research objectives to be included, 
and dollar amounts for each project. Projects are then ranked in 
order of importance and forwarded to an executive committee, 
which eliminates the lowest rated projects until the total research 
expenditure fits within the budget. 

Finally, in late February or early March the full board meets 
once again to hear the executive committee’s recommended list of 
projects. The board then discusses the complete list and typically 
modifies it. At the end of this discussion, the board votes to 
approve a specific list of projects for the current year.



1994
M-204

1996
S-102
A-201
L-204

1999
M-402
Calhikari-201
Calmati-201
L-205

2000
M-104
M-205

2003
M-206

2005
M-207

2006
M-208
Calamylow- 
201
L-206
Calmati-202

2011
M-105 

management systems that enhanced environmental 
quality, environmentally safe systems of weed, 
disease, and insect control, and improved 
management of crop fertilization and irrigation water. 
The industry has made significant strides in all these 
areas. The steady march of progress is documented 
every year in the pages of this annual report. The 
accompanying sidebar highlights major project areas 
from just the last 10 years alone. 

Ongoing projects grow and evolve over the years. 
Weed management will always be an important 
issue, as will improving crop fertilization practices, 
protecting rice from pests and diseases, increasing 
water use efficiency, and bringing hard science 
to environmental challenges. Some projects may 
come and go while addressing an overall theme. 
The industry may not burn rice straw as it once did, 
but the board has funded quite a range of projects 
to find creative uses for it—in livestock feed, as 
insulating panels, and even in the development of 
nanomaterials with industrial applications.

The twin goals of all this work are to improve 
the productivity of California rice while taking into 
account agriculture’s use of natural resources. These 

guiding principles have served the industry well, 
and the California Rice Research Board has been 
remarkably consistent and true to this mission since 
the day it was formed.

What of the next 50 years? We can’t always 
predict tomorrow’s problems. In fact, many of the 
unexpected things that have come up over the 
last 20 years have been a surprise. The sudden 
appearance of a problem, such as weed resistance, 
armyworm invasions, the blast fungus, or weedy red 
rice, reveals a core strength of this system by giving 
the California Rice Research Board the ability to 
quickly marshal the resources needed to address a 
problem. 

The charge is to enable growers to produce 
the highest quality product and remain profitable 
in a sustainable manner. Thus, the board works 
to address the problems it can see today, while 
remaining ready to address unforeseen problems. It’s 
a proven strategy and one that growers are banking 
on to secure the future of the California rice industry. 
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The Rice Experiment Station hosts an annual field day the last Wednesday of August each year to show 
growers and others interested in California rice what’s new. Director of Plant Breeding Virgilio Andaya 
spoke to growers about some of the most recently released varieties during the 2018 field day.

NEW VARIETIES 1994–2011



2012
CH-202 

2013
A-202

2014
M-209

2015
CM-203

2016
L-207

2018
M-210 

2018
Calaroma-201

Agronomics
 • Alternative stand establishment 
 • Midseason surface nitrogen/preplant aqua
 • Managing algae
 • Field drainage timing
 • Tadpole shrimp
 • Armyworm monitoring and control
 • Stinkbug relationship to peck
 • Potassium status
 • Fungicide evaluations
 • Pecky rice study
 • Degree day model for crop duration and irrigation
 • Yield variability
 • Salinity in no-spill systems
 • Midseason nitrogen status
 • Mycorrhizal fungi
 • Improvement of leaf color chart
 • Annual variety trials
 • Seaweed extracts and biostimulants

Breeding
 • New varieties—M-105 (2011), CH-202 (2012), A-202 
(2013), M-209 (2014), CM-203 (2015), L-207 (2016), 
M-210 (2018), Calaroma-201 (2018)

 • Screening mutants for herbicide tolerance—ROXY™ trait
 • M-209 introduced as a new blast-resistant variety
 • Profiling rice aroma volatiles
 • Annual variety trials

Genetics
 • DNA lab—new equipment, increased screening, quality 
markers, fingerprinting, marker-aided selection

 • Yield related genes
 • Mapping stem rot resistance
 • Forward and reverse genetic screening

Weed control
 • Alternative practices to control herbicide resistance
 • Evaluation of commercially available and experimental 
herbicides

 • Weed identification and diagnostic services
 • Winged primrose control
 • Weedy red rice control
 • Spot spraying of weeds using drones

Postharvest
 • Infrared drying
 • Enhancing forage quality of rice hay
 • Rice straw to ethanol
 • Construction of two new greenhouses
 • Rice waste to biodegradable plastic
 • Nanomaterials and performance industrial products
 • Dockage in harvested rice
 • Stabilizing rice bran
 • Rice strawlage as cattle feed
 • Rice straw board development
 • Rice straw fibers as a curing agent in concrete
 • Improving concrete properties with rice straw ash

Environmental stewardship
 • Predictive degree day model for water use efficiency
 • Nitrogen leaching study for water quality
 • Alternating wet/dry cultural practices
 • Arsenic in groundwater, soil and surface water
 • Mercury in rice
 • Methyl mercury dynamics
 • Herbicide drift in walnuts
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2012–2018

Research highlights from the last 10 years 



Rice Breeding Program

A total of 383 entries were evaluated in the advanced 
yield tests and 873 entries in the preliminary yield tests. 
Preliminary yield tests are the initial step of replicated 
large-plot testing for experimental lines. Superior entries 
will be advanced in 2019 statewide yield tests.

The breeding nursery included 38,976 water-seeded 
pedigree rows, 832 drill-seeded second-generation 
plots, and 13,200 drill-seeded seed maintenance rows. A 
total of 1,165 crosses were made for rice improvement, 
bringing the total to 50,208 since 1969. Crosses made in 
early spring 2018 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.

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 and 14Y1006, 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 

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, seedling vigor, early maturity, 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. Cynthia Andaya is in charge 
of the DNA marker laboratory and the grain quality lab. 
The labs support all breeding projects with marker-aided 
selection, genotyping, and DNA fingerprinting. Teresa De 
Leon joined the breeding team in January 2018 and also 
temporarily took charge of rice disease screening and the 
quarantine of rice introductions. Shyamal Talukder joined 
the breeding program in March 2018 and was appointed 
the liaison with Southern U.S. breeding programs. 
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 is 
also involved in the discovery and evaluation of novel 
sources of herbicide resistance.

Breeding nurseries
Favorable weather in spring 2018 allowed for planting 
rice early in the season. Drill seeding of the second-
generation maintenance nursery and disease nursery 
took place between May 5 and May 12. Water seeding of 
progeny rows, preliminary and advanced tests, and other 
breeding lines began May 14 and was completed  
May 25. 

Rice Experiment Station scientists
Kent McKenzie, director
Virgilio Andaya, director of  plant breeding; plant breeder, Calrose medium grains 
Teresa De Leon, plant breeder
Shyamal Talukder, plant breeder
Cynthia Andaya, research scientist, DNA marker laboratory 
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set for April 2019, with seed to be returned for processing 
and planting in the RES breeding nursery.

The 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 2018 to evaluate promising advanced 
selections from all three maturity groups—very early, early, 
and 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 about 90% 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 2018, 
these included M-105, M-205, M-206, M-209, M-210, 
and M-104. Released in 2015, M-209 continues to be 
the top-yielding check variety, with an average grain 
yield of 10,040 pounds/acre in 2018. M-209 is adapted 
to warmer areas and may not perform as well in cooler 
regions of rice production.

Promising medium grains
Thirteen promising lines showed higher yield compared 
to check varieties M-104 and M-205 in 2018 statewide 
yield tests. Two advanced lines that performed well in 
the 2017 tests, 15Y3171 and 15Y2153, were entered 

Shyamal Talukder joined the staff of the Rice 
Experiment Station as a plant breeder in 2018.

Average grain yield and agronomic characteristics of medium grain check varieties grown at the  
Rice Experiment Station in 2018 for the statewide variety trials

Variety
Grain Yield
(lbs./acre)

Harvest 
MC %

Seedling
Vigor

Days to 
Heading

Plant Height
(cm)

Lodging
(percent)

M-104 7,960 15.7 4.9 70 96 28

M-105 9,100 17.7 4.9 73 99 20

M-205 9,240 18.4 4.9 82 96 0

M-206 9,290 18.5 4.9 75 103 30

M-209 10,040 19.5 4.8 80 100 0

M-210 9,090 18.4 4.9 75 99 25



into testing for all three maturity groups, averaging 10,840 
pounds/acre and 10,530 pounds/acre, respectively. In the 
intermediate/late group, a new entry, 17Y3158, had an 
excellent yield of 11,460 pounds/acre.

Line 12Y2175 advances to seed increase
Premium-quality medium grain entry12Y2175 has been 
recommended for foundation seed increase in 2019 and 
has consistently shown a yield advantage over M-206, 
M-205, and M-209. In 2018, it was once again the top 
yielder at RES, with an average grain yield of 11,030 
pounds/acre.

On average, this advanced line heads10 days later 
than M-206 and two days later than M-209. Seedling 
vigor is similar to check varieties. It stands 5 cm taller 
than M-105 and M-209, is lodging-resistant but is slightly 
more sensitive to cold stress than check varieties. It is 
susceptible to stem rot.

Milled rice grains of 12Y2175 are heavier and slightly 
wider than M-209, while grain length and length/width 
ratio are in between M-206 and M-209 and can be co-
mingled with other Calrose rice varieties.

Milling yield of 12Y2175 when harvested above 19% 
grain moisture averaged 65/69 (head/total), compared 
to 65/70 for M-206 and 64/69 for M-209. Those figures 
dropped at harvest moistures below 19%. Internal and 
external evaluations have been favorable, indicating 
acceptable market quality.

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 the newest conventional long grain. It 
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. 
Its head rice yields have been a little higher than L-206. 
L-207 has lower stem rot and aggregate sheath spot 
resistance scores.

The advanced conventional long-grain line, 14Y1006, 
an early maturing sister line of L-207, has been 
recommended for seed increase. 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 10% to 12% 
yield advantage over L-206 in all locations, and has a 2% 
to 5% higher yield than L-207. Mean heading is similar 
to L-206 at 74 days. It has shown improved lodging 
resistance, blanking resistance, milling yield, and cooked 
grain texture.

In addition to 14Y1006, several other promising lines 
produced high yields and will be advanced for further 
evaluation.
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Advanced line 12Y3097 released as M-210

In 2018 the advanced breeding line 12Y3097 was released as a new variety, M-210. It is a blast-
resistant, high yielding, early maturing, glabrous Calrose medium grain. It contains the Pi-b gene that 
confers resistance to the blast pathogens present in California. It heads earlier than its predecessor, 

M-208, and is similar to M-206. It has shown superior milling yields. 
M-210 is 99% genetically similar to M-206. It is the progeny of one of the M-206 blast-resistant 

isolines containing individual blast-resistant genes developed with marker-aided backcrossing and 
selection. This line is a replacement for M-208, which contained the Pi-z gene found to be ineffective 
against the IB-1 blast strain in California. The line performed similarly to M-206 in grain yield, milling 
characteristics, and other agronomic traits. The overall grain yield of M-210 across 43 statewide 
experiments conducted between 2013 and 2017 averaged 9,300 pounds/acre, compared to 9,370 
pounds/acre for M-206 and 8,910 pounds/acre for M-208.

Milling and quality characteristics are very close to M-206 and M-208. All three have low gel type 
typical of Calrose medium grains. Cooking characteristics are similar to M-206. Cooking quality 
evaluations of M-210 have been favorable. It can be comingled with other Calrose varieties.



Rice Breeding Program 11

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 premiums. 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.  

Shor t grain yield tests
Experimental lines in nurseries and yield tests are 
compared to standard short grain check varieties:

 • S-102, released in 1996, is the standard short grain 
check. It is very early maturing, with large seeds, 
pubescent, and has good cold tolerance.

 • Calhikari-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, 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, released in 2006, is a low amylose 
variety developed from Calhikari-201. 

 • 89Y235 is a RES germplasm release with bold grains.

In 2018 statewide yield tests at RES, grain yield of 
Calmochi-203 was the highest at 9,430 pounds/acre, 
with Calhikari-202 at 8,390 pounds/acre. Grain yield of 
S-102 and Calhikari-201 were 8,195 pounds/acre and 
8,203 pounds/acre, respectively. Calamylow-201 was 
the lowest at 6,443 pounds/acre.

Advanced line 15Y84 released as 
Calaroma-201

A jasmine-type long grain line, 15Y84, was 
released in 2018 as Calaroma-201 (the first 
of its kind from RES). It is a high yielding, 

semidwarf, early maturing, slightly pubescent, 
aromatic developed as an alternative to imported 
Thai jasmine. Its area of adaptation is similar 
to L-206, but it is not recommended for cooler 
locations.

Calaroma-201 first entered preliminary 
statewide testing as 15Y84 in 2015. Its overall 
grain yield across 22 experiments averaged 9,450 
pounds/acre, compared to 9,310 pounds/acre 
for L-206 and 8,890 pounds/acre for A-202. It 
has an overall three-year yield advantage of 6.3% 
over A-202 and 1.5% over L-206.

Milled grains of Calaroma-201 are lighter, 
longer, and narrower than L-206 and A-202. 
The head rice yield samples harvested between 
19% and 21% moisture were 60/67 (head/total), 
compared to 61/70 for L-206 and 61/68 for 
A-202.

The mean amylose content of Calaroma-201 
is 15.76%, compared to 22.41% for L-206 and 
22.38% for A-202. Having a low amylose content 
and low gel type, Calaroma-201 cooks softer and 
stickier than the conventional long grains typical 
of a jasmine-type rice. Its level of aroma is similar 
to a typical aromatic long grain, but the taste 
characteristics are closer to Thai jasmine quality. 
It earned favorable taste quality ratings from 
evaluations by Thai jasmine consumers.



Advanced line 10Y2043 released as S-202
Line 10Y2043, a conventional short grain, was approved 
for release as S-202 with limited foundation seed being 
released to seed growers in 2019. It is a very high 
yielding, early maturing semidwarf, temperate japonica. 
Some of the notable varieties in its pedigree include 
S-102, Calpearl, Calmochi-101, and M-102. Line 
10Y2043 is an excellent alternative to S-102 in terms of 
grain yield and quality and is acceptable to the short grain 
market, as indicated by favorable internal and external 
quality evaluations.

Line 10Y2043 consistently outperformed S-102 across 
the state, with an average yield of 10,185 pounds/acre 
and an average yield advantage of 16% over S-102 for 
three years. 

Seedling vigor is similar to S-102, but plant height is 
shorter by 4 cm on average. Lodging resistance is nearly 
the same. In all locations, 10Y2043 required an average 
of 83 days to flower, two days later than S-102.

Grains of 10Y2043 are smaller and lighter than S-102. 
They are also shorter and narrower but have a similar 
length/width ratio. Caution should be observed when 
comingling the two if uniformity of a milled rice product is 
desired. In 2017, milling data showed the head rice yield 
of 10Y2043 harvested at 19% to 22% grain moisture 
averaged 61/67 (head/total), compared to 57/67 for 
S-102. At moistures below 19%, milling yield was 61/70 
for 10Y2043 and 57/68 for S-102. In 2018, milling yield 
at 16% to 19% moisture content was 52/70 for 10Y2043 
and 52/68 for S-102.

Grain qualities such as apparent amylose content, 
protein content and gel type of 10Y2043 and S-102 
were compared. 10Y2043 had slightly lower amylose 
and higher protein content than S-102. Gel type of both 
varieties is low. Cooking and sensory evaluations by 

panelists from marketing organizations indicate overall 
acceptability of 10Y2043 similar to S-102.

Over a two-year period at the San Joaquin cold 
tolerance nursery, 10Y2043 consistently showed a higher 
cold tolerance than S-102, as reflected in a lower percent 
blanking. However, greenhouse experiments suggest that 
they have comparable levels of blanking.

Disease reactions were monitored for several years. 
On average, both S-102 and 10Y2043 are susceptible 
to stem rot, and moderately tolerant to aggregate sheath 
spot and blast diseases.

Conventional shor t grains
In addition to 10Y2043, three advanced lines and three 
preliminary lines in yield trials showed higher yield over 
S-102. The six lines on average showed yield advantages 
of 500 pounds/acre to 2,000 pounds/acre in the RES 
yield tests. In the statewide tests, the six lines showed 
an average 12% yield advantage over S-102, with yields 
ranging between 9,160 pounds/acre to 9,920 pounds/
acre.

Specialty shor t grains
Premiums—Significant effort goes into evaluating 
advanced lines for grain and cooking quality for short 
grain premium quality. Based on yield and agronomic 
characteristics, at least six lines in the advanced yield 
trial are promising lines for short grain premium quality. 
Seedling vigor for all six lines were either similar to or 
better than the Calhikari-202 and headed in the range 
of 76 to 80 days after planting. They show superior yield 
potential and evaluation of essential premium cooking 
performance. 

Waxy—Calmochi-203 was released in 2015 to give 
growers an alternative to Calmochi-101 (released in 
1985). CM-203, a high yielding, glabrous, early maturing 
waxy variety, continues to outperform CM-101 in terms 
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of grain yield and seedling vigor and is receiving limited 
market acceptance. In 2018, two promising lines showed 
better yield and agronomic characteristics compared to 
either of the current varieties.

Low amylose and Arborio types—Breeding efforts 
to develop low amylose short grains and Arborio short 
grains continue at a limited level. Experimental line 
15Y2100 is a lodging resistant, high yielding low amylose 
line with an average yield ranging from 9,500 pounds/acre 
to 9,600 pounds/acre, a 33% to 48% yield advantage 
over the specialty type Calamylow-201. It has slightly 
higher amylose content and heads two days later. It has 
gone out for external quality evaluations.

Some bold grains or Arborio-type rice are being 
evaluated. The most promising material in the pipeline for 
short bold grains is 16Y2058, with a yield advantage of 
300 pounds/acre to 400 pounds/acre over the 89Y235 
check. Field evaluation of 16Y2058 indicates that it has 
better seedling vigor and is more lodging resistant than 
89Y235. 

DNA marker laboratory 
The DNA marker laboratory 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 work in the DNA marker 
laboratory. The lab played a major role in the release of 
M-210, which has wider blast resistance than M-208. 
Other markers are being used to predict grain quality 
parameters in the long grain program.

Most of the marker-aided selection work in 2018 
focused on developing herbicide tolerance with micro-
satellite markers and single nucleotide polymorphisms 
(SNP) markers to select for oxyfluorfen tolerance in rice.

In 2018, about 1,400 breeding materials and 400 
headrows of 17Y3000 were analyzed in the DNA lab 
for herbicide tolerance using SNP markers. Selected 
materials were advanced to the next generation by 
breeders. 

DNA fingerprinting
Another important function of the DNA lab is to 
assist in variety identity and purity assessment—DNA 
fingerprinting that distinguishes medium grains, long 
grains, and short grains.

In 2018, 129 markers were surveyed for fingerprinting 
of materials grown for headrow purification. About 2,200 
headrows consisting of advanced lines and varieties were 
evaluated with eight markers. Approximately 21,200 data 
points were generated. Looking at the fingerprint profile 
of each headrow is important in deciding which materials 
are advanced to the next generation. A-202 foundation 
samples were also analyzed for purity.

ROXY™ materials planted in the greenhouse and the 
field were also fingerprinted for identity. As the ROXY™ 

The DNA marker laboratory supports the different 
breeding programs and projects by providing a 
variety of services.



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. Growers submitted 
leaf samples for identification of the off-types in either 
heading days or appearance. Off-types were also 
submitted to the lab for analysis of potential weedy red 
rice contamination.

Herbicide resistance
The DNA lab was tasked with determining the genetics 
of the herbicide tolerance trait and ultimately the genetic 
location of herbicide resistance. 

Genetic mapping studies identified the location of 
herbicide tolerance with a multipronged approach. This 
fine mapping effort narrowed the region of interest. 
Two independent mutations on the same gene are 
probably responsible for oxyfluorfen tolerance. Efforts to 
confirm the candidate gene are continuing by evaluating 
mutations in other rice germplasm. Research also is 
underway to measure herbicide response differences 
between tolerant lines and wild types. 

Detailed investigations of the genetics of the ROXY™ 
trait will be useful in understanding the tolerance 
mechanism, supporting intellectual property protection, 
and the eventual commercialization of oxyfluorfen 
resistant rice as a weed control tool for growers.

Stem rot resistance
The ultimate goal of mapping stem rot resistance is to 
find tightly linked markers that can be used for marker-

aided selection (MAS) by the different breeding programs. 
Teresa De Leon is working with the DNA lab to continue 
genetic studies of stem rot resistance.

Using recombinant lines from a cross between 87Y550 
and M-206, the DNA lab has started generating marker 
data. So far, this research has genotyped recombinant 
inbred lines (RIL) with 53 markers and will continue to add 
more markers to focus on rice chromosomes. Genetic 
analyses will again be done using marker data and the 
stem rot scores of the RIL mapping population. 

With consistent phenotyping and genotyping, markers 
associated with stem rot resistance will be more robust 
and useful in future MAS work.

Rice pathology
The rice pathology project is an integral part of the rice 
breeding program. Research in this area and breeding 
are focused 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
The RES continues work on stem rot with Teresa De 
Leon and Cynthia Andaya currently leading those 
efforts. Several greenhouse and field experiments were 
conducted in 2018.

In a stem rot greenhouse experiment, 185 recombinant 
inbred lines and 52 second-generation lines, developed 
from a cross between M-206 and 87Y550, were 
evaluated.  M-206 is susceptible to stem rot infection, 
while 87Y550 is a resistant line. Plants were grown in pots 
with standard soil fertilization.

Greenhouse evaluations indicated that 26 of the 
recombinant lines and four of the second-generation 
lines showed resistance to stem rot. Only three of the 
recombinant lines were resistant to stem rot in field tests. 
The low correlation between greenhouse evaluations 
and field screening is a reflection of the complexity of the 
disease. Although greenhouse experiments are necessary 
for stem rot screening, field conditions are better for 
disease development and evaluating resistance. 

All variety checks in field evaluations scored 
susceptible to stem rot except for Calmochi-101, which 
showed a moderate stem rot resistance score. Seven 
lines in the advanced yield trials showed resistance. 
Two lines from the South showed high resistance in field 
evaluations. 

Blast
The first RES blast resistant variety, M-207, was released 
in 2005, followed by M-208 in 2006. However, symptoms 
of the blast disease were observed on M-208 in 2009. 
Further research determined the existence of a new, 
significantly different race of the fungus. This led to the 
development of recently released M-210.

Aggregate sheath spot
A backcross program begun in 2005 aims to transfer 
aggregate sheath spot resistance genes from Teqing, 
Jasmine 85, and MCR10277 into M-206 and L-206. 
Breeding lines developed in those crosses were advanced 
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Teresa De Leon joined the breeding team in 2018 
and also temporarily took charge of rice disease 
screening and the quarantine of rice introductions.
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in the greenhouse and in the field. Some lines show 
resistance equivalent to that found in wild species. These 
materials have been put in cold storage for future use.

Quarantine introductions
The building blocks for any breeding program are 
cultivars with traits desirable in commercial production. 
In 2017, 200 lines from the Southern U.S. were received 
for evaluation and use in the breeding program at the 
Rice Experiment Station. Evaluation of these lines is 
continuing. 

In 2018, another 237 lines were received and 
quarantined in the laboratory. Clean seedlings were 
grown in the greenhouse. After two cycles of planting in 
the greenhouse, clean seeds were harvested and will be 
planted in the 2019 disease nursery for field evaluation.

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 resistant rice
 ROXY™, a non-GMO rice trait providing tolerance to 
the herbicide oxyfluorfen, has been identified in the 
most widely grown Calrose variety, M-206. Four years 
of research in multiple locations shows that oxyfluorfen 
applied preplant in a water-seeded system provides high 
levels of rice weed control with the ROXY™ trait. It is also 
effective in drill-seeded rice with a preplant and preflood 
application and may have potential in other rice growing 
regions.

A provisional U.S. patent for this trait was filed in 
2016. The ROXY™ trademark was granted in September 
2018. Registration and commercialization of oxyfluorfen 
with ROXY™ for rice weed control is being pursued with 
Albaugh, LLC, which currently markets oxyfluorfen.

In 2018, efficacy studies funded by the Rice Research 
Trust were conducted in grower fields in Glenn, Colusa, 
and Sutter counties. Genetic mapping, candidate gene 

identification/confirmation, and tolerance mechanism 
research is in progress at the Rice Experiment Station. 
The breeding program is transferring this trait to other 
grain types, with the first materials included in 2018 
large plot yield tests at RES. Headrows and a small seed 
increase of 17Y3000 at RES yielded 10,700 pounds/acre 
and is providing seed for 2019 research.

In 2018, weed control studies in the breeding program 
included large plot studies of oxyfluorfen rate and seeding 
rate experiments under water-seeded and drill-seeded 
experiments with 17Y30000. 

In the water-seeded experiment, soaked seed was 
broadcast on treated soil and then flooded. Although the 
stands were initially very thin, the rice did recover and 
produced respectable yields with good weed control. 
There was a significant delay in heading with increased 
rates of oxyfluorfen but no significant effect on yield by 
herbicide or seeding rate in this experiment. 

In the drill-seeded experiment, there were no 
emergence or stand differences over herbicide rates or in 
heading dates. Yields were good.

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 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.
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One method of reverse genetics is the Targeting of 
Induced Local Lesions in Genomes (TILLING) strategy. 
It is based on the detection of mutations in target gene 
sequences by screening DNA isolated and pooled from 
hundreds of mutant lines (typically 2,000 lines total). A 
service to identify mutations of interest with this technique 
is operated by the TILLING Core Lab at the UC Davis 
Genome Center. Using this service, researchers have 
successfully identified mutations in genes involved in 
arsenic uptake and accumulation and genes that encode 
protein targets of various herbicides.

The major objectives of research in 2018 were:

 • Characterization of rice mutants identified by forward 
and reverse genetic screens

 • Confirmation and evaluation of mutants identified by 
reverse genetic screens of (1) genes encoding proteins 
targeted by selected herbicides and (2) genes that 
control arsenic uptake and accumulation

Primary emphasis is on screening rice populations 
generated by traditional mutagenesis for new traits that 
improve grain quality 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 selected 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 populations to 
identify mutated versions that may result in the expression 
of novel characteristics. 

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. 

Project Leader:
Thomas Tai, research geneticist
USDA-ARS Crops Pathology and Genetics Research Unit,
Depar tment of  Plant Sciences, UC Davis 50th
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Response of rice seedlings to germanium 
after nine days of treatment, part of a genetic 
screening experiment on mutant lines.



germanium response. Notable exceptions are Lsi2 
mutants NM-2902, NM-E2244, and NME-2249, which 
all showed significant increases in total arsenic in their 
brown rice samples.

Interestingly, the OsABCC1 mutant, NM-4903, was the 
only line to exhibit a significant reduction in total arsenic in 
its brown rice. Unlike the Lsi1and Lsi2, which are involved 
in the transport of arsenic from the soil into the root and 
from the root into the rest of the plant, OsABCC1encodes 
a transporter involved in sequestering arsenic, thus 
preventing accumulation in rice grains. Identification of a 
mutation that enhances this activity would prove useful 
in the development of rice varieties with reduced grain 
arsenic.

These results must be confirmed by testing materials 
grown in 2018. Total arsenic analysis does not provide 
information on the various arsenic species. The toxicity of 
arsenic depends very heavily on the two main chemical 
forms, inorganic arsenic and organic arsenic. Detailed 
analysis of arsenic species needs to be conducted if 
differences observed in total arsenic are confirmed.

In 2019, additional crosses of low-silicon mutants 
identified by the TILLING process in 2016 and 2017 
will be made as warranted by evaluation of silicon and 
arsenic content and germanium assays.

Work on this project was conducted in the USDA-
ARS rice genetics lab, greenhouses, and other research 
facilities at UC Davis. Research efforts have been 
disrupted by the required relocation of the rice genetics 
laboratory to a substantially smaller and less equipped 
facility. Consequently, some work was not completed and 
some funding was rolled over to 2019. Research highlights 
from 2018 work follows.

Arsenic is known to enter rice plants through the same 
pathway used by silicon. Genetic screening can identify 
mutants exhibiting altered uptake and accumulation of 
silicon based on resistance to the element germanium. 
Because of similar chemical properties, germanium is 
also taken up the same way as silicon, but it is toxic to 
rice plants and results in the formation of lesions and 
eventually death in seedlings.  

Previously, several lines carrying mutations in genes 
involved in silicon and arsenic uptake or accumulation 
were identified by TILLING and confirmed using DNA 
sequencing. Seeds were harvested from mutants 
harboring fixed mutations (important for trait expression). 
Genetic screening using germanium also resulted in the 
identification of several mutant lines that are potentially 
altered in their ability to take up silicon and arsenic. 

In 2018, mutant lines carrying fixed mutations in the 
genes targeted in this study were grown in a greenhouse 
and in a field on the UC Davis campus to provide tissue 
samples for analysis of arsenic (organic and inorganic) 
and silicon content. These included three lines containing 
mutations in the Lsi1 gene, nine lines containing mutations 
in the Lsi2 line and one line containing a mutation in the 
OsABCC1 gene. Two wild-type lines and one wild-type 
sibling of an Lsi2 mutant line were also included in the field 
test as controls. The lines were started in the greenhouse 
and then transplanted to the field for subsequent harvest 
of mature plants and elemental analysis of tissue samples.

Greenhouse-based evaluation of these mutants using 
a germanium assay revealed that two of three mutations 
detected in the Lsi1 gene showed strong effects on 
reducing straw silicon content and sensitivity to germanium. 
This is consistent with the reduced transport of both 
elements from the environment into the rice plant. All three 
Lsi1 mutants exhibited increased total arsenic in straw, but 
one, NM-3403, may actually increase the content of total 
arsenic in brown rice. 

In contrast to the Lsi1 mutants, most Lsi2 mutants 
showed increased total silicon in shoot tissues but 
no effect on total arsenic in the straw and grain or in 
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Greenhouse-based evaluation of  
these mutants using a germanium 
assay revealed that two of  three 
mutations detected in the Lsi1 
gene showed strong effects on 

reducing straw silicon content and 
sensitivity to germanium.
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Six similar tests were conducted at RES—two from 
each maturity group. Average yields across varieties and 
locations in the advanced-line tests ranged from 9,390 
pounds/acre in the very early tests to 9,180 pounds/
acre in the early tests. In the intermediate/late tests, the 
advanced lines average yield was 9,900 pounds/acre.

Field preparation and planting were completed in May. 
Several advanced lines in 2018 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 new varieties adapted to changing cultural 
practices, markets, and pests.

Rice variety evaluations
Eight uniform, advanced breeding-line trials and eight 
preliminary breeding line trials were conducted throughout 
the major rice producing areas of California. The RES 
breeders conducted six additional tests—two from each 
of the three maturity groups. 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 follows. 

Very ear ly maturity
Four advanced breeding lines and eight commercial 
varieties were compared in four very early advanced tests. 
The preliminary tests evaluated eight commercial varieties 
and 36 preliminary lines evaluated in separate tests at 
each location. Commercial varieties at each location 
included S-102, 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, L-206, and L-207.

Grain yields in the advanced tests averaged 9,390 
pounds/acre overall, 9,530 pounds/acre at RES, 9,810 
pounds/acre at Sutter, 10,450 pounds/acre at Yolo, and 
7,810 pounds/acre at south Yolo. The three highest-
yielding entries on average were short grain line 10Y2043 
(10,260 pounds/acre), long grain line 14Y1006 (10,260 
pounds/acre), and long grain L-207 (9,940 pounds/acre. 
Top-yielding commercial varieties included L-207,  
CJ-201, M-201, and M-105. Averaged across four 
locations, yields for lines in the preliminary tests ranged 
from 9,700 pounds/acre to 5,780 pounds/acre.

Average grain moisture at harvest was 18.2%, 
average lodging 8%, average days to heading was 84, 
average seedling vigor 4.7, and average plant height was 
about 37 inches. Field preparation and planting were 
average, with all trials completed in late May. Harvest was 

Sixteen on-farm rice variety trials were conducted throughout the rice growing regions of  
California in 2018 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.

Project Leader:
Bruce Linquist, UCCE specialist 
Depar tment of  Plant Sciences, UC Davis 50th

Rice Variety Trials
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completed within the normal time frame. Yields were up 
4.6% from 2017.

Comparing commercial standard entries over a 
five-year period and across locations, M-104, M-105, 
and S-102 were the highest yielding varieties at 9,263 
pounds/acre, 9,067 pounds/acre, and 8,907 pounds/
acre, respectively. 

Ear ly maturity
Four advanced breeding lines and eight commercial 
varieties were compared in four early advanced tests. 
Preliminary tests included eight commercial varieties and 
40 preliminary lines evaluated in separate tests at each 
location. Commercial varieties at each location included 
S-102, 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, L-206, and L-207.

Yields in the advanced lines averaged 9,180 pounds/
acre overall, 9,850 pounds/acre at RES, 8,630 pounds/
acre at Butte, 9,040 pounds/acre at Colusa, and 9,190 
pounds/acre at Yuba. Advanced long grain line 14Y1006 
was the highest yielding entry (9,930 pounds/acre) 
averaged over four locations in 2018. Advanced short 
grain line 10Y2043, long grain L-207, and medium grain 
premium quality 12Y2175 yielded second, third, and 
fourth, respectively. Top-yielding commercial varieties 
included CJ-201, M-209, M-206, M-210, and M-105.

Average number of days to 50% heading was 82. 
The commercial standard M-206 averaged 81 days over 
four locations. In the preliminary tests, CM-203 was the 
highest yielding commercial variety, with 12 experimental 
lines yielding higher.

Over a five-year period and across locations, L-207 
was the highest yielding commercial variety at 10,080 
pounds/acre, followed by M-209 at 9,422 pounds/acre, 
and M-206 at 9,356 pounds/acre.

Intermediate/late maturity
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, CA-201, CH-201, CH-202, CM-203, M-105, 
M-205, M-206, M-209, M-210, A-202, CJ-201, L-206, 
and L-207.

Yields in the advanced lines averaged 9,900 pounds/
acre overall, 9,970 pounds/acre at RES, 10,030 pounds/
acre at Butte, and 9,740 pounds/acre at Glenn. The 
2018 advanced over-location yield increased 920 
pounds/acre (9.3%) compared to the 2017 season 
average. In the advanced tests, L-207 was the highest 
yielding commercial variety (10,440 pounds/acre). 
CJ-201 and M-209 were the next highest yielding 
commercial varieties. The medium grain entry 12Y2175 
was the highest yielding advanced entry across locations 
at 10,960 pounds/acre. 

Average number of days to 50% heading was 82. 
Advanced line 12Y2175 was the latest variety at 86 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 9,469 pounds/acre, 
followed closely by M-209 at 9,420 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.
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Remote sensing of nitrogen status
This study was initiated in 2015 to evaluate the potential 
for sensor-based technologies to assess nitrogen status 
in rice and to determine the need for a top-dressed 
nitrogen application. A handheld sensor, the Green 
Seeker NDVI, evaluated multiple farmer fields from 2015 
to 2018. (NDVI is an acronym for “normalized difference 
vegetation index” and is used to analyze remote sensing 
measurements.) Additionally, in 2018 a drone was 
incorporated into the study. 

In 2018, four nitrogen response trials were established 
with five preplant nitrogen rates ranging from zero to 210 
pounds/acre. Additionally, at panicle initiation, each plot 
was split into three subplots receiving zero or 30 pounds 
nitrogen top-dressed. This study confirmed the following.

The Green Seeker NDVI is a good indicator of 
aboveground nitrogen content at panicle initiation but 
is a relatively poor indicator of biomass and of nitrogen 
concentration in the plant at panicle initiation.

At panicle initiation, the crop needs at least 100 
pounds/acre in the aboveground biomass to achieve 
maximum yields. This equates to a Green Seeker NDVI 
value of 0.69. An NDVI value lower than this indicates the 
need for a top-dressed nitrogen fertilizer.

A response index (maximum observed NDVI/treatment 
NDVI) is a more robust way of determining the need for 
top-dressed nitrogen. A response index of 1.1 or greater 
indicates a greater chance of a positive yield response.

The Green Seeker NDVI was superior to the drone 
NDVI for detecting crop nitrogen status. However, the 
drone showed potential for use in other indices to evaluate 
crop nitrogen status. This will be evaluated further in 
2019.

Ammonia volatilization study
Previous research showed that nitrate leaching losses 
are low in California rice systems. Nitrous oxide losses 
through leaching or runoff make up only 6% of all fertilizer 

Improving Fertilizer Guidelines  
for California’s Changing Rice Climate

The goal of this project is to develop fertilizer management guidelines that are economically 
viable and environmentally sound. Research objectives in 2018 were:
 • Assess top-dressed nitrogen need through remote sensing.
 • Determine ammonia volatilization losses in California rice systems.
 • Continue research on rice grown under alternating wet/dry (AWD) soil conditions.

Project Leader:
Bruce Linquist, UCCE specialist 
Depar tment of  Plant Sciences, UC Davis

50th

Thort Chuong, a master’s student in Bruce 
Linquist’s lab, measures ammonia volatilization 
from nitrogen fertilizers in rice fields.
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nitrogen applied. This is good compared to other rice 
systems globally, as well as other cropping systems. 

A study was initiated in 2017 to test a method for 
quantifying ammonia volatilization from soil in preplant 
nitrogen fertilizer applications. In 2018, this approach 
was used to evaluate ammonia losses at eight on-farm 
locations. The four treatments examined were zero 
nitrogen, aqua-ammonia, urea broadcast, and urea 
drilled. Rates were typical of grower practices. At panicle 
initiation, a similar experiment was conducted at seven 
locations to quantify ammonia volatilization from top-
dressed applications of aqua-ammonia or ammonium 
sulfate. 

Overall, 0.2% or less of the fertilizer was lost through 
ammonia volatilization in the aqua- and urea-drilled 
treatments. With urea broadcast as pellets, 1.7% of the 
fertilizer was lost on average across on-farm sites. In all 
cases, losses were low and did not significantly affect 
yields. 

In the top-dressed applications, losses from 
ammonium sulfate were higher than urea. The reason for 
this is not clear. Overall, losses represented 2.6% of the 
amount of ammonium sulfate applied and only 0.1% of 
the urea applied. Under current management practices, 
where the bulk of nitrogen is applied as aqua-ammonia, 
about 1% of the fertilizer is lost (assuming a 180 pounds/
acre application).

Alternating wet/dry rice
Current irrigation practices keep most California rice 
fields continuously flooded through the majority of the 
rice growing season. This strategy helps provide high 
yields, good weed control, and efficient nitrogen use. 
Nonetheless, there is interest in exploring alternative 
production practices such as alternating flooding with 
periods of dry soils (AWD).

An ongoing study at the Rice Experiment Station has 
been evaluating this practice. Research on AWD from 
2012 to 2016 focused on two dry-down periods 45 
days after seeding between two and 12 days in length. 
In all AWD treatments, grain yields were the same as in 
the conventional water-seeded treatment. The optimum 
nitrogen rate required to achieve maximum yields was 
similar among treatments. This research also showed that 
AWD reduces methane emissions between 40% to 90%. 
Nitrous oxide emissions were negligible. Concentrations 
of arsenic and methyl-mercury in grains were reduced by 
more than 50%. However, arsenic concentrations were 
not reduced in “Safe” AWD, where dry-downs were only 
two to three days.

In 2017, research focused on a single dry-down 
beginning around 36 days after planting. A yield decline 
was noted for the first time. In addition, harvest was 
delayed by a few days. The early dry-down also resulted 
in increased nitrous oxide emissions. However, the 
season was unusually hot, and that probably affected 
results.

In 2018, a single drain was examined in each 
treatment. At the Rice Experiment Station, the following 
treatments were replicated three times:

 • Conventional continuous flood

 • Soil dried down for five days at 44 days after sowing

 • Soil dried down for 11 days at 37 days after sowing

 • Soil dried down for 11 days at 45 days after sowing

Yields were similar across all treatments and no 
significant differences were noted between treatments. 
Seasonal methane emissions were reduced between 
39% and 67%. Nitrous oxide emissions were quite low 
across all treatments, with none in the conventional 
treatment. The 11-day treatments had the highest 
nitrous oxide emissions, which occurred during dry-
down periods.
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Three ongoing experiments were conducted in 2018. The 
first was a laboratory incubation to investigate whether 
mixed ammonium and nitrate nutrition would increase 
nitrification potential in rice paddy soils. The second 
experiment was a pot study in controlled environment 
growth chambers. The third experiment examined the 
importance of nitrification at four field sites.

In the first experiment, soils were collected from fields at 
the Rice Experiment Station (RES). Three soil cores were 
sampled from each of eight plots in an established nitrogen 
rate trial. All vegetation from the soil was removed and 
nitrification potential was tested in the laboratory. 

Results suggest that the application of nitrate with 
ammonium suppresses soil nitrification potential but 
has no effect on nitrate consumption. More work is 
needed to determine whether the application of nitrate 
with ammonium promotes the soil nitrification process 
in paddy soils with rice planted, restrains the mobility of 
fertilizer nitrogen, and decreases nitrogen use efficiency 
and rice yield.

The second experiment sought to explore the 
importance of nitrification in California rice and its 
connection with the mobility of fertilizer nitrogen, nitrogen 
use efficiency, and rice yield. As in the previous year, the 
three rice cultivars used in the 2018 test were CM-101, 
M-206, and M-401. Nylon mesh bags with different pore 
sizes were used to isolate the influence of rice roots on soil 
processes. Fertilizer was applied at field-recommended 
rates to dried soils collected from RES. Rice was allowed 
to grow in a chamber to late tillering stage. 

The results support the assumption that nitrification 
occurs at significant rates in California rice, and the 

mobility of fertilizer nitrogen increases under root 
influences. However, the magnitude of that influence 
varies across cultivars. This suggests that higher 
nitrification potential causes higher nitrogen mobility that 
results in higher, variable nitrogen uptake across cultivars. 

Ongoing analyses of plant tissues and the soil microbial 
community will help elucidate the relationships among 
nitrification potential, nitrogen use efficiency, and rice yield. 
Results show a strong link between nitrate assimilation 
and increased rice yields through nitrification of nitrogen 
fertilizer in the root zone. Researchers have performed 
high throughput sequencing of the rhizosphere microbial 
community and are currently identifying DNA sequencing 
reads of microorganisms associated with the rice root 
zone.

Also, M-401 showed higher nitrate reductase (enzyme) 
activity in rice leaves than the other varieties, suggesting 
that it has the potential to use nitrate more efficiently. 
Further research on nitrogen cycling, especially on nitrogen 
loss during the process of nitrate assimilation, is needed.

In the third experiment, research focused on the 
importance of nitrification in connection with the mobility 
of ammonium fertilizer, nitrogen use efficiency, and rice 
yield. M-206 was grown in fields located near Williams, 
Meridian, and Nicolaus, as well as at RES, and treated 
with varying rates of nitrogen. The dynamics of soil 
ammonia and nitrate contents at different rice stages, and 
the relationships among nitrification potential, abundance 
of ammonia oxidizers, and rice yield were tested.

Results showed that ammonia content was low after 
rice elongation. Nitrate was the major nitrogen source 
after rice elongation and prior to panicle initiation. 
This work supports the assumption that nitrification is 
important in California rice and that the mobility of fertilizer 
nitrogen increases under root influences. However, the 
degree of these influences varies greatly among cultivars.

Ongoing plant tissue analyses, additional cultivar 
testing, and further studies of microbial communities 
will help increase understanding of nitrification potential, 
nitrogen use efficiency, and rice yield. 

The results of research thus far indicate the important 
role that ammonia oxidizers in the root zone and nitrate 
enzyme activity in rice leaves have on nitrogen use 
efficiency and ultimately on rice yield.

Role of Nitrification in Rice Systems  
to Support Nitrogen Use Efficiency

The results of  research thus far indicate 
the important role that ammonia oxidizers 

in the root zone and nitrate enzyme 
activity in rice leaves have on nitrogen use 

efficiency and ultimately on rice yield.

The goal of this research is to determine whether nutrient use efficiency, yield, nitrogen acquisition, 
and translocation are linked to nitrification of  common nitrogen fertilizers in California rice systems.

Project Leaders:
William R. Horwath, professor 
Depar tment of  Land, Air and Water Resources

Jorge Mazza Rodrigues, associate professor 
Depar tment of  Land, Air and Water Resources

50th
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Research in 2018 continued its focus on the efficacy 
of new and existing herbicides, alternative crop 
establishment methods, and herbicide resistance 
strategies to deal with the 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 2018 research plots 
included late watergrass, ducksalad, ricefield bulrush, and 
smallflower umbrella sedge, followed by barnyardgrass, 
monochoria, and water hyssop. Sprangletop and redstem 
were present in low densities. All of these weeds are 
susceptible to herbicides registered for use in California 
rice.

Several granular, into-the-water herbicides are 
available for controlling weeds in continuously flooded 
rice, including Bolero®, Butte®, Cerano®, Granite®GR, 
League® MVP, Shark® H20, and Strada®. 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
Butte® is a granular mixture of benzobicyclon and 
halosulfuron developed by Gowan for use in water-
seeded rice. 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 to improve 
grass and broadleaf weed control.

Butte® was tested in a continuous flood system both 
alone and in combination with other herbicides. Applied 
at 1-leaf stage of rice, Butte® provided excellent control 
of sedges, ducksalad, monochoria, and sprangletop. 
However, it was less effective in late watergrass and 
barnyardgrass control.

Butte® followed by an into-the-water application of 
Granite® GR at 3-leaf stage of rice, a follow-up foliar 
application of Granite® SC at 5-leaf stage of rice or 
Loyant® at mid-tiller stage of rice provided exceptional 
control of all weeds. A follow-up application of Regiment® 
at midtiller or full tiller stage of rice greatly improved 
barnyardgrass and watergrass control.

Weed Management in Rice

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. 

Project Leader:
Kassim Al-Khatib, professor and UCCE specialist 
Weed Science Program, Depar tment of  Plant Sciences, UC Davis 50th

Professor and UCCE Specialist Kassim 
Al-Khatib discusses weed management 
research during Rice Field Day.
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Low-cost herbicide programs
Weed management in California rice incurs significant 
costs. Most herbicides are relatively expensive. In some 
instances, the high cost of resistance management 
may challenge the economic viability of weed control 
programs. The weed control efficacy of several low-cost 
herbicide programs was compared with the efficacy of 
more expensive programs.

A low-cost program using Cerano® 5 MEG provided 
excellent control of grass weeds and very good to 
excellent control of all other primary weeds. A program 
with Granite® SC and a tank mix of Abolish® and 
Regiment® were similarly effective.

These low-cost programs may offer satisfactory weed 
control, especially in fields with no resistance problems. 
However, they may require more vigilance of factors 
influencing herbicide effectiveness, such as weed species 
present, water management, and timing of herbicide 
applications. In addition, frequent herbicide rotation is 
suggested to mitigate the potential for development of 
herbicide resistance.

Evaluating algaecides
Algaecides applied early in the season could help 
decrease the presence of algae, which can interfere 
with rice establishment. In a field experiment, complex 
copper algaecides, hydrogen peroxide, zinc sulfate, and 
herbicides with activity on algae were compared against 
the conventional copper sulfate used for algae control.

All compounds were applied three days after flooding 
except for Goal® 2XL, which was applied two days before 
flooding. Algae response was very dynamic, with rapid 
changes over time. Maximum control was achieved 
with the Goal® applications (96%). Zinc sulfate gave the 
lowest control (21%). Cutrine®-Plus, Cutrine®-Ultra, liquid 
peroxide, and copper sulfate gave 70%, 60%, 60%, and 
47% control, respectively.

In general, algae started to recover within a few days 
of algaecide application. The fastest algae recovery 
was observed in the Cutrine®-Plus and Cutrine®-Ultra 

treatments, while algae coverage remained low in the 
other treatments eight days after treatment. All the tested 
algaecides have the potential to reduce early algae bloom. 
However, further investigation is needed to determine 
optimal application timing and potential effects on rice.

Fer tilizers and algae
Growth of algae in the beginning of the rice growing 
season is associated with the availability of fertilizers in 
the soil. Once the rice is flooded, algae grow rapidly and 
develop a mat on the surface of the water that interferes 
with the emergence and establishment of rice seedlings. 
Researchers examined how the rate of nitrogen and 
phosphorous fertilizers, individually or in a mixture, can 
influence an algae bloom.

Two rates of nitrogen in the form of urea and 
two rates of phosphorous in the form of triple super 
phosphate were spread and lightly mixed with the soil 
at the beginning of the season. Thirty-six PVC pipes 
were placed in the field as experimental units. Water 
temperature and light intensity were recorded during the 
experiment. Algae coverage was observed eight times 
over 30 days.

The algae coverage within the pipes showed high 
fluctuations over time because of changes in temperature 
and standing water levels. As might be expected, algae 
coverage and dry biomass was higher in the treatments 
with higher fertilizer rates. Furthermore, in treatments 
where both nitrogen and phosphorous were applied, 
the algae coverage and biomass were higher than when 
either fertilizer was applied alone.

Results from this experiment suggest that application 
of fertilizers at lower rates in the beginning of the season 
could reduce the risk of algae bloom. However, the effect 
of reduced fertilizer rate on the growth and development 
of rice needs further investigation.

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



Evaluation of  ROXY™
An oxyfluorfen-resistant rice trait (ROXY™) was discovered 
in M-206 by plant breeders at the Rice Experiment Station. 
Oxyfluorfen has good activity on a broad range of rice weeds. 
The ROXY™ experimental line (17Y3000) was evaluated at 
normal and delayed planting dates for crop tolerance and 
weed control with four rates of the herbicide (Goal® 2XL). 

Under both planting times, all rates of oxyfluorfen 
provided excellent control of broadleaf weeds, grasses, 
and sedges. Preliminary results also indicate some 
improvement in initial crop vigor may be achieved by 
adjusting planting time. Oxyfluorfen may provide only a fair 
level of ricefield bulrush control and has little activity on 
sprangletop. 

With further developmental work, ROXY™ technology 
can be a valuable addition to address weed management 
in California rice.

Research on pyraclonil
Pyraclonil is a new PPO-inhibiting active ingredient, 
which is being evaluated by Nichino America. This new 
chemistry has activity on a broad spectrum of rice weeds. 
NAI-1883, a granular formulation of this compound, was 
evaluated alone and in combination with other herbicides.

The stand-alone application was exceptionally effective 
in controlling all weeds in a research field. However, 
pyraclonil was slightly weaker on ricefield bulrush and 
ineffective against bearded sprangletop at the evaluated 
rates. A later application timing of NAI-1883 following 
Cerano 5 MEG was equally effective in controlling all 
weeds except barnyardgrass.

In summary, pyraclonil is a very promising chemistry 
for weed control in California rice, most importantly for 
controlling and managing a variety of herbicide-resistant 
weeds.

New herbicide Loyant®

Loyant® is a new product from Dow. Its active ingredient, 
florpyrauxifen-benzyl (Rinskor™), is being evaluated for 
California rice. This new chemistry can be a valuable tool 
for herbicide resistance management.

Efficacy of Loyant® was evaluated in several weed 
control programs. Loyant® was safe on rice and provided 

nearly complete control of all weeds present in the field. 
All the other programs that included Loyant® provided 
perfect control of nearly all weed species with excellent 
crop safety. Loyant® alone or in combination with 
Granite® is not expected to provide satisfactory control of 
sprangletop.

In summary, Loyant® is a promising tool for weed 
control in California rice. It will be an excellent addition 
to control herbicide-resistant watergrass and smallflower 
umbrella sedge.

New grass herbicide
A new, low-rate herbicide with a novel mode of action 
from FMC was tested mainly for watergrass control. It has 
a wider window of application than other herbicides.

A field experiment evaluated weed control and crop 
safety when this new grass herbicide was applied alone 
and in combinations at different rates and timing. It showed 
excellent safety on rice and outstanding watergrass control. 

Work will continue with a focus on different formulations 
of this herbicide.

Clomazone
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.

Developing management alternatives
Decades of herbicide use have resulted in widespread 
herbicide resistance in rice fields. Management of 
resistance while maintaining economically viable yields is 
becoming increasingly difficult for many growers. Research 
on drill-seeded rice systems has been underway for a 
number of years. This technique delays crop emergence 
and should allow for most grasses to be controlled by 
glyphosate or other broad-spectrum herbicides, resulting 
in better weed control.

Field trials and greenhouse studies were conducted in 
2018 to learn more about this issue with M-105, M-205, 
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Under both planting times, all rates of oxyfluorfen 
provided excellent control of broadleaf weeds, 
grasses, and sedges.



M-206, and M-209. In the greenhouse study, M-205 
and M-209 had higher seedling vigor, emergence rates, 
and total emergence than did M-105 and M-206. M-105 
performed poorly at all depths below a half inch. When 
planted to a depth of 2 inches, M-105, M-205, M-206, 
and M-209 had emergence rates of 78%, 81%, 81%, 
and 93%, respectively. In addition, M-209 reached 50% 
emergence about two days earlier than M-206 and 
M-105. These results suggest that M-205 and M-209 
could emerge at sufficient rates and amounts to provide 
a window for good pre-emergence weed control with 
glyphosate while provide economically competitive yields.

The field study consisted of plots drilled to one inch 
or two inches and planted with M-206 or M-209. Both 
cultivars and both seeding depths reached emergence 
five days after planting. Glyphosate was then applied, 
with minimal rice injury and no stunting. Glyphosate 
alone reduced barnyardgrass by more than 50% in all 
treated plots, with the remainder of the herbicide program 
ensuring a season free of this weed. Bearded sprangletop 
germinated later in the season and was not effectively 
controlled with glyphosate, necessitating an application 
of Clincher®. Yields for untreated plots were zero for both 
cultivars and both seeding depths. Yields for treated plots 
of either cultivar were no different across seeding depths 
or across three herbicide treatments.

Bearded sprangletop is a problematic weed in California 
rice production. Flooding was thought to suppress its 
growth. After many years of continuous rice production, 
however, anecdotal evidence suggests that certain 
populations of this weed can tolerate flood pressure. 

A study at the Rice Experiment Station tested flooding 
tolerance of two bearded sprangletop populations against 
three irrigation depths. One population was resistant to 
clomazone, the other susceptible to this herbicide. There 
was no emergence of bearded sprangletop in the 8-inch 
flood depth of either population. With a continuous 4-inch 
flood, only the resistant population survived flooding 
pressure and produced significantly more tillers and seed. 

This suggests that there may be a fitness advantage 
related to clomazone resistance. Further testing is 
needed.

Growing degree days were calculated for bearded 
sprangletop, smallflower umbrella sedge, and 
barnyardgrass at three sites. Studies were conducted in 
late April, mid-May, and early June to ensure a wide range 
of temperatures. Smallflower umbrella sedge germinated 
first, followed by barnyardgrass and bearded sprangletop. 
In addition, bearded sprangletop germinated during a 
wider window than the other species. This suggests that 
herbicide application at day of seeding is not optimum 
timing for bearded sprangletop control. 

Rice field survey
Surveys of California rice fields help to shed light on 
herbicide resistance in major weeds such as smallflower 
umbrella sedge and bearded sprangletop. Information 
gained from these efforts will help in the development of 
programs to manage resistant biotypes.

In 2018, research expanded into ALS-inhibitor cross-
resistance in smallflower umbrella sedge to include a 
study of resistance in other types of herbicide resistance. 
A study revealed no resistance to Shark® or Abolish®, 
but most populations tested showed some tolerance 
to Stam® up to three times the label rate. Research to 
elucidate the mechanisms of herbicide resistance for this 
weed will focus next on genetic and molecular studies.

Seed from 31 populations of bearded sprangletop 
were submitted by growers from California rice fields 
to screen for clomazone resistance. In greenhouse 
experiments at the Rice Experiment Station, four 
populations were confirmed as resistant. In an additional 
study, three populations showed resistance to clomazone 
at above the labeled rates.

Diagnostics and detection continue
Greenhouse testing of suspected herbicide resistant 
weeds was conducted on more than 230 samples from 
2017. 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. The protocol 
is similar to 2017. However, the new herbicide Loyant® 
has been added to test for resistance in smallflower 
umbrella sedge and barnyardgrass. 
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Loyant® was safe on rice and provided nearly 
complete control of all weeds present in the field.
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Surveys and specimen submissions continued, with good 
participation, in 2017. From 53 samples submitted for 
testing, 15 were confirmed to be weedy red rice. The 
California Crop Improvement Association found eight seed 
fields infested with weedy red rice—all were rejected for 
seed. Three of the fields were new medium grain seed 
fields that had never been in the seed certification program 
before. One field was a previously certified medium grain 
seed field. Four fields were specialty variety seed fields 
newly submitted to the quality assurance program.

In 2018, 25 samples were submitted. Five were 
confirmed to be weedy red rice at four sites. One was 
a new biotype. Its characteristics include black hull, 
red awns, and similar in height (tall) to four of the other 
biotypes. To date, six biotypes have been identified. 

Soil sampling and grower inter views
Soil sampling and nine grower interviews were conducted 
in the fall of 2016 to learn more about the extent of weedy 
red rice in California. All but one biotype was represented  
in the fields sampled, and all but Yolo County was part of 
this work. 

The number of seeds per soil volume 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 red rice 
seeds were found in the soil. Growers who were taking 
steps to reduce the infestation tended to have lower seed 
counts. Some fields had increases in 2017, while others 
saw decreases. 

Once 2018 samples are processed, trends should 
become more clear. The rice team will then be able 
to better advise growers on best practices to reduce 
weedy red rice seeds in the soil bank. Some general 
recommendations include:

 • Rogue weedy red rice plants early in the season.

 • Use less tillage or shallow tillage.

 • Rotate crops or leave fallow.

Genetic analysis
Preliminary results from a genetic analysis of samples 
from 2016 and 2017 did not locate a molecular marker 
to distinguish biotypes from each other. However, a gene 

for red pericarp can be used to distinguish between red 
and brown pericarped biotypes. It does not distinguish 
between weedy and cultivated rice, so determining 
whether specimens are of the weedy type will require 
growing them to heading in the greenhouse to evaluate 
shattering and dormancy.

Weedy red rice ecology
A greenhouse experiment was conducted to determine 
the relative competitive ability of the weedy red rice 
biotypes against M-206. This research also examined the 
growth potential of each biotype.

Weedy Red Rice Control

Since the beginning of the 2016 rice growing season, the UC Cooperative Extension rice team 
has been working with growers, pest control advisers, and county agricultural commissioners to identify 

weedy red rice infestations. By the end of  that season, five distinct populations or biotypes had been 
identified on more than 10,000 acres of  rice in every rice growing county except Sacramento County.

Project Leader:
Whitney Brim-DeForest, farm advisor 
UC Cooperative Extension, Sutter, Yuba, Placer and Sacramento counties 50th

Immature panicle of weedy red rice type 6. In 
the field, the long, reddish awns are clearly 
visible before maturity.
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To test the effect of weedy rice competition on the 
yield of M-206, plants of M-206 and five weedy red rice 
biotypes were grown in pots. Weedy red rice was planted 
at increasing numbers of plants per pot, while the number 
of M-206 plants per pot remained the same. Tests were 

repeated, with four successive plantings two weeks apart 
in August and September 2017. Beginning a week after 
planting, the height and tiller number of each plant was 
measured weekly for 12 weeks. At maturity, final yield 
component measurements were taken for plant height, 
tiller number, panicle number, panicle weight, seed 
weight, and both fresh and dry biomass.

A separate experiment was conducted to determine 
growth potential of the five weedy rice biotypes, including 
height, panicle number, tiller number, panicle weight, and 
yield (seed weight per plant). 

Preliminary results indicate that four of the weedy 
red rice biotypes were significantly taller than M-206. 
The other one was significantly shorter. Tillering rates 
were about the same as M-206 for one biotype and 
significantly higher in the other four. Two of these biotypes 
had more than twice as many tillers per plant as M-206. 
The difference in total panicle number was approximately 
the same as the differences in tiller numbers. Total panicle 
weight was significantly higher in one biotype, but all 
the others were similar to M-206. Yield per plant was 
significantly higher in only one biotype. All other biotypes 
had yields similar to M-206. Regardless of biotype, weedy 
red rice adversely affected M-206 yield components, 
including aboveground biomass, panicle weight and 
number, and yield per plant.

Drone mapping
Drone imagery of rice fields infested with weedy red 
rice was gathered in 2018. However, viewed from an 
overhead perspective, the stalks of both cultivated and 
weedy rice appeared very similar, blending together in 
the resulting imagery. Work on the drone concept will 
continue in 2019.

Seed from weedy red rice type 6 at maturity
Photo by Timothy Blank/California Crop 
Improvement Association

Weedy red rice types were on display during the 
2018 Rice Field Day.
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Fungicide trials
Five fungicide trials were conducted in 2018. Two Butte 
County trials focused on stem rot, one Sutter County 
trial focused on aggregate sheath spot, and two Glenn 
County trials focused on kernel smut. 

In the stem rot and aggregate sheath spot trials, 
fungicide sprays were applied at midtillering or at heading. 
In the kernel smut trials, applications were made at the 
late boot or very early heading stage.

The fungicide azoxystrobin (Quadris® or Cover XL) 
reduced incidence and severity of stem rot by 23% to 
57% and aggregate sheath spot by 73% when applied 
during the early heading stage. The new product S-2399 
(commercial name Indiflin™) and fluxapiroxad (Sercadis®) 
had good activity against aggregate sheath spot when 
applied at early heading, reducing the incidence of the 
disease by 90% and 49%, respectively.

One of the Butte County test sites has a history of 
severe stem rot problems. Incidence of the disease was 
100% in all treatments, meaning all tillers sampled had 
stem rot lesions. Stem rot severity also was rated high. 
None of the fungicide treatments significantly reduced the 
severity of the disease compared to the control. However, 
different fungicide treatments significantly affected yields. 
The application of Quadris® at midtillering and Sercadis® 
at heading resulted in higher yields than the untreated by 
8% and 5%, respectively. Levels of disease severity at this 
site, reduced yield by 540 pounds/acre. 

Stem rot incidence and severity at the other Butte 
County trial (Biggs) was moderate to high. Quadris® and 
Cover XL applied at heading reduced stem rot severity by 
49% and 57%, respectively. Cover XL in combination with 
ALB 3000 (an experimental product) reduced severity by 
43%, while ALB 4003 reduced severity by 56%. Sonata® 
applied at midtillering and at heading reduced stem rot 
severity by 23%.

The Sutter County test site has a history of aggregate 
sheath spot. Strong symptoms were observed in 2017. 
The disease reached moderate levels in 2018. Several 
of the treatments significantly reduced disease incidence 
and severity. Quadris®, Sercadis®, and Indiflin™ applied 
at heading all gave good control of the disease, ranging 
from 49% to 90%.

Rice Disease Research and  
Management

Work continued in 2018 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, research on kernel smut examined methods to rate the severity of  
infection, to determine effects on rice yield and quality, and to assess the susceptibility of  California rice 
varieties.

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

50th

Kernel smut

Yield and milling quality were not significantly affected. 
Nonetheless, disease severity reduced yield by 430 pounds/
acre for every unit increase in the severity scale.

Kernel smut
Kernel smut is an emerging problem, especially in the 
northern part of the Sacramento Valley. In 2017, several 
reports of affected fields were received, and one organic 
field was downgraded because of off-color kernels caused 
by kernel smut spores. In 2018, affected fields were 
reported in Glenn, Colusa, and Butte counties.

In one Glenn County trial with a history of kernel smut, 
the fungus was not a problem in 2018. All treatments were 
done at the late boot, very early heading stage. No significant 
effects were observed among treatments. However, the 
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treatment with Stratego® had the lowest proportion of 
infected panicles and number of smutted kernels.

The other Glenn County test site had a severe kernel 
smut problem in 2017, but levels were very low in 2018. 
This was an organic field, so all fungicide treatments were 
with organic fungicides. Treatments were made at the 
midboot stage. 

None of these treatments significantly reduced the 
proportion of infected panicles compared to the untreated. 
However, there were differences among some of the 
treatments. Stargus® and ThermX70® significantly 
reduced the proportion of panicles infected with kernel 
smut compared to treatments with Regalia® and 
ThermX70® at a lower rate. A similar result was observed 
when evaluating the number of smutted kernels per 
panicle. Treatment with Stargus® resulted in the lowest 
number of smutted kernels.

Research also continued to explore methods to assess 
the level of kernel smut in the field. Determining the 
number of infected panicles, or the number of infected 
kernels per panicle, could be used to assess the level 
of kernel smut in the field. This would allow for a quick 
evaluation by growers or PCAs without having to collect 
samples during harvest for processing in the lab.

Three fields affected with kernel smut were selected for 
sampling: two fields in Butte County (M-105 and M-209) 
and one in Colusa County (M-206). (See below.) Levels 
of kernel smut varied among fields. The proportion of 
infected panicles was similar for M-105 and M-209 but 
much lower in the M-206 field. A similar pattern was found 

for the average number of smutted kernels per panicle, 
with M-209 having higher numbers.

Based on results from 2017, two measures of kernel 
smut were calculated from field evaluations. Incidence 
was determined as the proportion of panicles infected with 
kernel smut, and severity was calculated as the average 
number of smutted kernels per panicle.

Anecdotal experience indicates that kernel smut inci-
dence is sometimes related to high yields. That’s because 
high levels of nitrogen fertilizer can increase the incidence 
and severity of kernel smut. Fields with high levels of nitro-
gen may also have higher yields and kernel smut. Growers 
who have seen severe kernel smut infestation in their fields 
have reported yield losses of up to 10%.

As the proportion of infected panicles increased, milling 
yield decreased. However, only M-206 showed a strong 
relationship. Milling yields remained at 72% until the 
proportion of infected panicles reached 40% to 50%. After 
that, milling yield decreased. For milling quality to decrease 
one percentage point, the proportion of infected panicles 
had to increase by 25%.

Kernel smut was observed in two of the eight statewide 
variety trials conducted in 2018. (See below.) Smut levels 
in the Glenn County trial were lower than in the Butte 
County trial. Long grains CJ-201, L-206, and L-207 had 
the highest levels of smut. Of the medium grains, M-209 
had significantly higher levels.

In Butte County, L-206, CJ-201, and L-207 had the 
highest number of smutted kernels. Medium grains and 
short grains had similar numbers of smutted kernels.
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Rice water weevil
Rice water weevil (RWW) has been in California for more 
than 60 years and has been the subject of considerable 
research. In recent years, RWW populations have been in 
decline. That trend continued in 2018 to the point where 
researchers had difficulty collecting enough RWW adults 
for testing purposes. 

The timing of the spring RWW flight has been studied 
for many years. Monitoring helps scientists assess 
population levels and flight timing. A light trap at the 
Rice Experiment Station has been used for decades to 
monitor this flight. However, problems with the light trap 
delayed trapping until May in 2018. Consequently, only 
20 adults were caught, the lowest number on record. 

Studies of insecticidal management of rice water 
weevil take place in aluminum ring plots, small field plots, 
and greenhouses to evaluate experimental insecticides 
and registered standards. In 2018, 10 different active 
ingredients were examined in 18 treatments in ring plots 
at the Rice Experiment Station. All treatments significantly 
reduced the total number of RWW larvae compared to 
the untreated. Highlights from this work include: 

 • A low rate of Dimilin® reduced RWW larvae by only 
72%, while the high rate was 100% effective. Dimilin® 
worked best at the 16-ounce rate.

 • Warrior® applied preflood at the 3-leaf stage of rice 
was very effective. 

 • Belay® worked well at the 3-leaf stage of rice. 
Its performance as a preflood treatment was 
satisfactory—unlike in previous years. As a rescue 
treatment, Belay® provided good control, and reduced 
larvae numbers by 92%.

 • Coragen® worked well applied preflood or at the 3-leaf 
stage of rice. Control was poor when used as a rescue 
treatment at the 5- to 6-leaf stage of rice.

 • Intrepid® gave good control when applied at the 
3-leaf stage of rice. In the previous year, Intrepid® was 
tested at the 5- to 6-leaf stage of rice, simulating an 
early application for armyworms, but gave no control. 
This product needs further testing with higher RWW 
infestation levels.

 • The organic products tested in 2018 were effective, 
with most of them providing more than 90% control.

 • Yield or biomass was not significantly affected by any 
of the treatments. Belay®, Warrior®, and PyGanic® 
resulted in yields ranging from 5,500 pounds/acre to 
6,200 pounds/acre in ring plots.

Variety susceptibility 
In 2018, seven varieties were grown in aluminum rings 
to evaluate the susceptibility of rice varieties to RWW 
injury. The rings were infested with five RWW adults on 
June 20 and three RWW adults on June 28. For each 
variety tested, a Warrior® treatment was included in one 
treatment along with an untreated control.

The levels of RWW scarring was very low to 
nonexistent in treated plots. The number of larvae 
present also was very low. However, M-401 and S-102 
had significantly higher RWW populations than the other 
varieties. A-201, L-206, and M-209 had significantly lower 
populations. The only variety where a significant difference 
between treated and untreated plots was observed was 
M-401, where yield loss attributable to RWW was 61.5%.

The study also was conducted in open plots. These 
plots were not infested with RWW adults but relied on 
natural populations. No adult RWW scars were observed 
during the first sampling date. On the second sampling 

Protection of Rice from  
Invertebrate Pests

This project focuses on the biology and management of  invertebrate pests of  California rice. The 
main pests studied in 2018 were rice water weevil, tadpole shrimp, and armyworms. The ongoing 

goal is to refine and advance cost-effective integrated pest management practices that protect the rice 
agroecosystem. 

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

50th

Luis Espino addressing growers at the 2018 Rice 
Field Day.
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date, only 1% of leaves showed signs of RWW feeding 
on L-206 and A-201. All other varieties did not have any 
adult RWW feeding scars. Larvae were found at very low 
levels, mostly on the first sampling date. 

On average, untreated plots had more RWW larvae 
than treated plots. The number across varieties was highly 
variable and not significantly different from one another.  
On average, M-401 had the lowest yields, most likely 
because of it being a late maturing variety.

Because of low RWW pressure, this study did not 
conclusively show whether any of the varieties were 
preferred by RWW or were able to tolerate more damage.

RWW effects on M-206 and M-209
Another study continued to examine the effect of 
increasing RWW population levels on the most important 
rice varieties. When this research began in 2014, M-202 
and M-206 were used. However, with the phase out of 
M-202, it was replaced with M-209. These two varieties 
currently dominate rice acreage in California.

In ring plots, four RWW infestation levels were used—
zero, one, two and three RWW adults per ring introduced on 
June 28. Plants were sampled every other week to ascertain 
the effect of RWW infestation on plant development.

The naturally occurring levels of RWW infestation were 
very low. The percentage of plants showing feeding scars 
was not affected by variety, but was affected by RWW 
level. For all plant parameters evaluated, the interaction 
between RWW level and variety was not significant in 
most cases. This indicates that both varieties responded 
similarly to RWW infestation. No relationship was found 
between RWW level and yield.

Tadpole shrimp
Tadpole shrimp are aquatic crustaceans adapted to live in 
vernal pools. Conditions in rice fields make great habitat 
for this arthropod. Tadpole shrimp have been a problem 
in California rice fields since the 1940s. Today, most 
pyrethroid applications target this pest during the seedling 
stage. However, there have been confirmed reports 
of increased tolerance of tadpole shrimp to pyrethroid 
insecticides, so new tools for control are necessary.

In 2018, field studies on tadpole shrimp control were 
conducted in leveed plots. Two days after application, 
Warrior®, Dimilin® (8-ounce rate), Coragen® applied 
preflood, Belay® and Sevin® provided complete control. 
Dimilin® at the 4-ounce rate also completely controlled 
tadpole shrimp but more slowly. These results are similar 
to 2017 and suggest that Dimilin®, an insect growth 
regulator, works well when tadpole shrimp are small but 
may take longer to control larger shrimp. Reduced label 
rates of Coragen® and Belay® also proved effective.

Large tadpole shrimp were introduced into Coragen® 
treated plots when postflood treatments were made. 
Mortality was low, indicating that the insecticidal effect of 
Coragen® occurs soon after flood or that the insecticide 
is bound to treated soil.

Armyworms
Historically, armyworms have been considered a secondary 
pest in California rice. But in late June 2015, an armyworm 
outbreak caught the industry by surprise. Growers and 
PCAs tried to control infestations with very poor results. 

To improve armyworm monitoring, pheromone traps 
were established in the Sacramento Valley in seven 
locations starting in 2017. In 2018, pheromone traps were 
placed in 16 locations across the valley. Weekly updates 
were sent to growers and PCAs to keep them informed 
about armyworm levels. Armyworm infestations were 
not as severe as in 2017. The number of moths trapped 
peaked on June 25—10 days later than in 2017. The 
number of moths trapped during this peak was similar 
to 2017. A second peak was detected in mid-August, 
reaching almost the same level as June’s peak. 

Several insecticides were tested for armyworm control 
in two commercial rice fields in Glenn County. The first 
trial was initiated June 21, and the second on June 26. 
Armyworm populations were evaluated before treatment, 
and at three, seven, and 10 days after treatment. At 
both locations, all specimens collected were the true 
armyworm. (Both western yellowstriped armyworms and 
true armyworms can be found in California rice fields. 
However, the true armyworm is the predominant species 
causing outbreaks.)

Armyworm pheromone traps
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Plots treated with Intrepid®, Dimilin® or Coragen® 
reduced armyworms to satisfactory levels. In the first 
trial, Intrepid® provided good control three days after 
treatment. In the second trial, where the armyworm larvae 
were larger, control was not as effective. Warrior® did not 
provide good control. 

In a greenhouse study, first or second instars of 
western yellowstriped armyworms were used to mimic an 
early infestation. Results suggest that Coragen® applied 
preflood still had an effect on early instar armyworms 26 
days after application. Results with Dimilin® and Intrepid® 
were inconclusive. More testing is needed.

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 was conducted on M-206 and M-209 to 
determine the effect of an artificial defoliation on rice 
yield to simulate armyworm damage. Plant height was 
significantly affected. Plots were defoliated 100%, 
resulting in shorter plants. However, defoliation did not 
have a significant effect on yield. Variety had a significant 
effect, with M-206 plots yielding on average 8,132 
pounds/acre and M-209 yielding 7,160 pounds/acre. The 
yields were lower than expected, most likely because 
of poor stand establishment. Grain moisture content at 
harvest was not affected by defoliation or variety.

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 June 
to September.

Separating, counting, and identifying the specimens 
in the laboratory occurs in the off-season. Quantification 
often takes 12 months, so data from 2018 will be 
presented in 2019.

Stink bugs
Two invasive stink bug species are on the radar of 
entomologists—the brown marmorated stink bug 
and bargada bug. Both species occur in California 
and 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.

Armyworms defoliating rice 

Average number of moths caught per day in pheromone 
traps during 2018. TA = true armyworm, WYA = western 
yellowstriped armyworm.
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Coragen® was registered by the U.S. EPA 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 degradation of chlorantraniliprole in 
California rice field soils needs to be determined to ensure 
adequate dissipation prior to the release of tailwater.

Pesticide degradation in soil is dominated by the 
microbial community present and the properties of the 
local environment that influence the microbes. When 
a rice field is flooded, anaerobic conditions are rapidly 
established, causing dramatic changes in the dominant 
microbial communities. As a result, pesticide degradation 
rates under preflood aerobic conditions can differ 
greatly from those measured under flooded anaerobic 
conditions. 

Extended flooding periods—combined with elevated 
temperature and rapid evapotranspiration in California 
rice fields during the growing season—also influence 
salinity levels (as indicated by elevated electrical 
conductivities). Increased salinity has been shown to 
negatively affect microbial and enzyme activity in soils. An 
investigation into the impact of salinity on the degradation 
of pesticides in soil was needed.

Therefore, research in 2018 sought to characterize 
chlorantraniliprole degradation in soil under simulated 
California rice field conditions and to analyze the 
impact of soil properties, flooding, and field salinization 
on degradation rates. Degradation half-lives were 
determined through microcosm experiments in the 
laboratory with two rice field soils from the Sacramento 
Valley.

The half-life of chlorantraniliprole ranged from 59 
to 100 days and was not statistically correlated with 
soil, redox state, or salinity. Thus, degradation half lives 
in soil are not expected to vary greatly from field soil 
properties, flooding practices, or salinity.

The results also showed that chlorantraniliprole 
degraded for the first 63 days in all treatments. After 
that, no further degradation was observed. Nutrients 
such as nitrogen and phosphorous can play an 
important role in the degradation process in soil. It is 
possible that depletion of soil nutrients in the laboratory 
experiments resulted in death or dormancy of soil 
microorganisms and could explain this observation. 

Future research should be conducted to 
determine the impact of specific soil nutrients on 
the biotic degradation of chlorantraniliprole. The 
impact of photolysis and abiotic degradation on 
chlorantraniliprole also needs further study.

The 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 2018 was exclusively on the insecticide Coragen® 
(chlorantraniliprole).

Project Leader:
Ronald S. Tjeerdema, professor and associate dean 
Depar tment of  Environmental Toxicology 
College of  Agricultural and Environmental Sciences, UC Davis 50th

Future research should be 
conducted to determine the 

impact of  specific soil nutrients 
on the biotic degradation of  

chlorantraniliprole.
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Environmental Fate of Rice Pesticides
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practices and 
sampling dates 
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Four irrigation treatments—one continuously flooded 
and three AWD of varying dry-down lengths—were 
conducted at the Rice Experiment Station. All three 
AWD treatments received only one dry-down event, 
two had an early season dry down for five and 11 days 
and one received a late dry-down for 11 days. Soil and 
plant samples were analyzed in a lab. 

Results showed that soil redox levels monitored in 
the field through the season remain low with prolonged 
flooding and increase following a dry-down period. As 
expected, this impacts arsenic accumulation in rice 
grains. Concentration of arsenic in both white and 
brown rice decreased with the longer AWD treatments. 
Cadmium concentrations follow an opposite trend, 
increasing with the higher severity AWD treatments, 
although levels remain low and are not of concern. 
Analysis of plant tissue is ongoing. 

Grain samples from 2015, 2016, 2017, and 2018 
were analyzed for nutrient content among the different 
AWD treatments applied in those years. This included 
concentrations of phosphorous, iron, zinc, and 
potassium in both white and brown rice. 

The analysis showed that AWD does not negatively 
impact the concentrations of these nutrients in rice. 
There are significant increases of some elements in 
white rice between the control (continuously flooded) 

and the treatment of highest severity. Phosphorous and 
potassium showed a 40% increase in 2016 grain, iron 
increased by 30% in 2015 and 2018, and zinc showed a 
20% increase in 2016.

The nutrient concentrations were consistently higher in 
brown rice than white rice, which is expected from higher 
accumulation of nutrients in bran. Concentrations vary 
from year to year. The same trend was observed for every 
element, though the iron levels varied more within  
each year.

Researchers also analyzed total and speciation of 
arsenic in shoots and grains, as well as total cadmium 
concentration in grain. Results confirm trends from prior 
years. The AWD treatments of higher severity decrease 
concentrations of arsenic consistently through the growing 
season. Cadmium levels increased with AWD treatments 
but remained below levels of concern. 

In summary, the potential for AWD treatments to 
minimize arsenic uptake in rice is evident in results from 
2018 and from previous years. The analysis of nutrient 
concentrations in grain was an important step in assessing 
possible effects of AWD on grain quality. AWD had no 
negative impact on concentrations of phosphorous, iron, 
zinc, and potassium in grain, and it possibly increases 
these concentrations. These results indicate a positive 
finding for recommending AWD treatments to growers.

 

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 2018 were: 
 • Investigate how iron speciation and redox levels in the soil impact arsenic levels in rice under    

 alternating wet/dry (AWD) conditions.
 • Evaluate the impact of  AWD on plant nutrition and grain quality by analyzing phosphorous, nitrogen, iron,  

 and zinc in rice grains.
 • Elucidate the role of  AWD in the uptake of  nutrients and contaminants by rice plants. 

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

Arsenic Speciation in Rice and 
the Environment
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Mercury is naturally present in some soils of the 
Sacramento Valley. Under flooded conditions in California 
rice fields, mercury forms methyl mercury and becomes 
more bioavailable. Objectives guiding this research 
include:

 • Identify the annual cycle of methyl mercury 
concentration and loads in the major rivers of the 
Sacramento Valley.

 • Determine whether methyl mercury production and 
discharge from rice systems is higher in certain parts of 
the region.

 • Compare data from typical rice systems with those in 
the Sacramento—San Joaquin Delta.

 • Identify viable management practices to cost-effectively 
minimize methyl mercury production where risks occur.

 • Identify underlying causes where methyl mercury poses 
a risk.

Since 2013, when this project began, three studies 
have been completed. These include using historical data 
to assess methyl mercury export from rice producing 
areas; determining mercury budgets at the field scale; 
and using alternating wet/dry (AWD) irrigation as a 
potential mercury management practice. A new study 
commenced in the fall of 2017 to compare mercury 
dynamics in six representative Sacramento Valley 
commercial rice fields receiving two types of irrigation 
water, fresh and recycled.

Background on mercury
While rice systems may be a source of mercury, loads 
from most rice fields are small—much less than what is 
found in rice grown in the Sacramento—San Joaquin 
Delta. Peak periods of mercury concentration in drainage 
water exiting rice fields occur primarily during the fallow 
season and to a lesser extent during the early growing 
season. This is a consistent pattern in studies conducted 
in the Sacramento Valley, Cosumnes River Preserve, and 
the Yolo Bypass.

Sacramento Valley rice fields have lower levels of 
mercury in soils and irrigation water than rice fields in 
the Yolo Bypass and Cosumnes River Preserve. Mercury 
concentrations in drainage water from Sacramento Valley 
rice fields are lower than drainage water concentrations in 
the other two areas. 

Research to date also has shown that rice grain 
concentrations of mercury are very low—among the 
lowest reported in the literature and well below levels of 
concern for human health.

Growing season rice drainage water mercury 
concentrations are lower than in the fallow season. During 
the growing season, most rice fields become mercury 
sinks. During the fallow season, most rice fields are 
mercury sources. That is, they export more mercury than 
they import through irrigation water.

Previous research also has shown that alternate 
wetting and drying water management affects methyl 
mercury in rice systems. This practice reduces mercury 
concentrations in water, soil, and rice grains and could be 
a mitigation practice to reduce mercury if needed.

Methyl mercury quantification
An important goal for 2017 and 2018 research was to 
quantify methyl mercury in filtered and particulate water 
samples going into and out of rice fields.

Current regulatory focus on methyl mercury is all 
based on unfiltered water samples.  However, much of 
the methyl mercury is likely to be bound in suspended 
sediment. This methyl mercury may be less bioavailable 
than that which is dissolved in water. From an ecosystem 
standpoint, dissolved methyl mercury is a better indicator 
of ecosystem health.

With that in mind, this newer area of research began 
evaluating in-field methyl mercury concentrations from 
filtered samples, while also quantifying the filtered methyl 
mercury concentrations in water leaving rice fields. Three 
pairs of commercial fields located in Butte, Colusa, and 
Yolo counties were selected to determine whether higher 
levels of methyl mercury in irrigation water result in higher 
concentrations in field flood water and tailwater. These 
fields are representative of major rice growing areas, 
had rice grown on them in the previous season, and 
kept straw on the flooded field during the winter. The 
inlets and outlets were set up with monitoring equipment 
to measure water flow rate throughout the year. The 
equipment is unobtrusive, so growers were able to 
manage their fields as usual.

One field from each pair received fresh irrigation 
water, while the other received recycled irrigation water. 
Samples were taken from the fields over the course of a 
year during both winter and the growing season. Grain 

The overall goal of this project is to determine whether methyl mercury 
discharged from California rice systems poses a health risk to humans, fish, or 

wildlife and, if  so, how this risk can be cost-effectively minimized. 

Project Leader:
Bruce Linquist, UCCE specialist 
Depar tment of  Plant Sciences, UC Davis 50th
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from each field was sampled and analyzed for mercury 
and methyl mercury concentrations. Not all the data 
has been analyzed yet, but there are some preliminary 
results. 

There was no significant difference in filtered inlet 
water methyl mercury concentrations between fresh 
water and recycled water fields. Across the whole 
year, filtered inlet water methyl mercury concentrations 
were lowest in winter. Methyl mercury inlet water 
concentrations started low in the spring, increased in 
early summer, and then declined near the time when 
fields were to be drained.

Outlet water methyl mercury concentrations were 
highest in the winter and lowest in late summer. There 
was little difference between the fresh and recycled 
water fields during this time. Concentrations were 
somewhat higher during summer maintenance drains. 
During this time, recycled fields had significantly higher 
methyl mercury concentrations in outlet water than the 
fresh water fields.

Field water methyl mercury concentrations were 
generally highest in the fall flood and lowest during 
preharvest drain. There was little difference between 
recycled water and fresh water fields during all sampling 
periods except during the winter drain and spring 
flood events. During those times, recycled water fields 
had significantly higher field water methyl mercury 
concentrations than did the fresh fields.

All six fields used in this research were net methyl 
mercury sources in the fallow season and net sinks in 
the growing season. Across all fields, filtered outlet water 
concentrations were about three to eight times higher in 
the fallow season than in the growing season. 

Furthermore, because there is significant 
accumulation of rainfall in the field and relatively low rates 
of evapotranspiration in the winter, there are significantly 
larger volumes of water exported as drainage water 

during the fallow period (40% to 60% of applied irrigation 
water), causing the field to act as a net exporter of methyl 
mercury. In the growing season, outlet concentrations of 
methyl mercury are relatively low and only 13% to 25% of 
irrigation water applied was exported as drainage water, 
causing the fields to act as net sinks of mercury.

On an annual basis, fields receiving fresh irrigation 
water were net sinks of methyl mercury, while fields 
receiving recycled water were net sources of methyl 
mercury. The magnitude of import and export varied 
greatly regardless of irrigation type.

Public engagement and publications
In addition to these research activities, scientists working 
on this project are involved with various stakeholder 
groups that are concerned with methyl mercury in the 
Sacramento–San Joaquin Delta. In conjunction with 
the California Rice Commission, project scientists have 
met several times with growers to discuss findings and 
to gather thoughts on mitigation options. At this point, 
however, there is no foreseen need for mitigation given 
the relatively low levels of methyl mercury.

Publication of research results is crucial, as mercury 
in rice systems is likely to become more of a regulatory 
issue. Peer reviewed papers are critical in guiding 
scientifically based regulation. 

Several papers have been published on this work, 
including The Contribution of Rice Agriculture to 
Methylmercury in Surface Waters: A Review of Data 
from the Sacramento Valley, California in the Journal 
of Environmental Quality; Alternate Wetting and Drying 
Decreases Methyl Mercury in Flooded Rice (Oryza sativa) 
Systems in the Soil Science Society of America Journal; 
and Methyl Mercury Dynamics in Upper Sacramento 
Valley Rice Fields with Low Background Soil Mercury 
Levels in the Journal of Environmental Quality.
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Percolation and seepage losses
Direct measurements of percolation losses were made 
in eight fields spread throughout the Sacramento Valley 
in the 2017 growing season. Percolation rings were 
installed at three locations in each field, and the weekly 
change in water height inside the rings was measured. 
Percolation rates ranged from 0.02 inches to 2.8 inches 
per season, assuming 115 flooded days. The average 
percolation rate across all sites was about 1 inch per 
season. Percolation rates could not be predicted by any 
soil properties. Unsaturated zones tended to have higher 
percolation rates, although they were small compared to 
total irrigation input.

Lateral seepage was measured directly at 50 
locations spread across six rice fields during the 2017 
growing season.  Lateral seepage varied greatly but 
was universally low compared to irrigation inputs onto 
rice fields. No correlation was found between lateral 
seepage rates and soil texture, levee width, or field water 

height. As expected, however, lateral seepage rates varied 
depending on whether the field was bordered by a drainage 
ditch, fallow field, flooded field, or supply canal.

Similarly, lateral seepage rates were affected by the water 
height on the other side of the levee. Seepage out of the 
field was observed at locations where the field was bordered 
by a supply canal.  Lateral seepage from both field and 
supply canal would flow into levees if they were unsaturated.

Water balance
A complete water balance was calculated for three commer-
cial rice fields in the Sacramento Valley. Irrigation inputs were 
measured by Reclamation District 108, Reclamation District 
1004, and the Richvale Irrigation District. Rainfall was mea-
sured at the nearest CIMIS weather station. Evapotranspira-
tion was calculated from CIMIS data and recently developed 
crop coefficients for California rice. Tailwater drainage was 
measured with an outlet weir and data loggers that recorded 
the height of water above the weir crest. 

Evapotranspiration accounted for approximately one-half 
to two-thirds of the applied water, with tailwater drainage 
representing the second largest outflow. Only 90% of 
water inputs on average were accounted for as water 
outputs across all sites. The water balance approach may 
overestimate cumulative percolation and lateral seepage, 
while direct measurements may underestimate them. The 
actual contribution of percolation and lateral seepage likely 
lies somewhere in between.

Based on this research, the minimum requirement to 
grow rice with no-spill management is in the range of 41–43 
inches. However, it must be stressed that any particular field 
may have factors that significantly alter its water balance and 
its irrigation water requirement.

Publications
A manuscript exploring the magnitude and variability 
of lateral seepage rates in California rice fields, and the 
influence of soil properties and hydrologic conditions on 
lateral seepage rates has been submitted to the Journal of 
Hydrology. A second manuscript is in progress and will be 
submitted to the journal Agricultural Water Management.

A fact sheet has been developed and is available on 
the website rice.ucanr.edu. This is a valuable resource for 
growers, irrigation district managers, and state water officials.

The goal of this project is to identify opportunities to conserve water in California rice 
systems. Objectives for 2018 were:
 • Finalize data analysis related to a percolation and seepage study in rice fields.
 • Complete calculations of  water balances in rice fields.
 • Develop a fact sheet and publish journal articles on water balances in rice systems.

Project Leader:
Bruce Linquist, UCCE specialist 
Depar tment of  Plant Sciences, UC Davis
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Identifying Opportunities for  
Improving Water Use Efficiency
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Gabriel La Hue, a doctoral student working with 
Bruce Linquist, measures lateral seepage.
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Insect Monitoring and Early  
Detection System in Rice During Storage

The goal of this project is to develop a new insect monitoring and early detection system for rice 
storage facilities. Engineers created and tested a “real time” system consisting of  insect traps, USB 

cameras, LEDs, a tiny computer called a Raspberry Pi, a server and a user interface. 

Project Leader:
Zhongli Pan, adjunct professor 
Depar tment of  Biological and Agricultural Engineering, UC Davis
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Three traps were designed and built from a stainless 
steel perforated sheet. Each trap was equipped with a 
USB camera and two LED lights. The lights were placed 
around the camera and then adjusted for brightness, 
contrast, and gamma to maximize image quality. Different 
background colors (white, green, and yellow) in the 
collecting chamber also were tested. Although there 
were no significant differences between colors, white was 
selected for its positive visual effects.

The USB cameras and the LED lights were installed 
inside the insect traps to provide remote access to images 
of captured insects. The system was programmed to take 
images periodically. However, additional images could also 
be requested through a “take picture” button on the mobile 
application or website.

When the images were taken, the Raspberry Pi 
processes them to determine the number of insects. 
Data and images were sent to a cloud storage service. 
The server processes the images and counts the insects 
captured per trap with an insect-counting algorithm. The 
website and mobile application were developed for the 
user to be able to view an image gallery for each trap, 
view a graph of the insects collected over time, and also 
to request on-demand images. 

This new system was evaluated through experiments 
conducted in the lab and at a commercial rice storage 

facility in Knights Landing. Lab results and commercial 
storage tests were consistent and showed that the new 
system was effective and accurate for monitoring and 
early detection of insect activity in stored rice. The system 
detected first insect emergence within 15 to 30 minutes 
in lab testing at different infestation concentrations. 

During the storage test, the system was able to detect 
emergence within 34 minutes. After four days, the system 
detected insects in three traps with counting accuracy 
rates of 75%, 82% and 100%. These results suggest 
that the new system could be used to detect early stage 
insect activity in stored rice with reasonable effectiveness 
and accuracy. 

Further research is needed to upgrade the system 
and improve its handling, customization, effectiveness, 
accuracy, and energy use before commercialization is 
likely. The design of traps could be improved with the 
addition of a wireless system, sensors for temperature 
and humidity, and an independent power source such 
as rechargeable batteries. The accuracy of the algorithm 
also needs some fine-tuning. 

These refinements should eventually lead to a new 
tool for real time monitoring and early detection of insect 
activity in rice storage facilities with high accuracy, 
reliability and safety, as well as low cost and labor 
savings.

Setting up insect traps and imaging technology 
for early detection.
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These nanocelluloses have been tested successfully as 
dispersants, antimicrobial agents, microbial coagulants, 
and synthesis templates for nanoparticles. In addition, 
they can be used as building blocks to fabricate 
nanofibers, films, coatings, hydrogels, and aerogels—
each category with wide-ranging potential applications.

The goals for 2018 research were to continue the 
development of scalable processes and to expand 
functional applications of nanocelluloses and porous 
carbon products. Specific objectives were:

 • Diversify nanocellulose structures using sodium 
periodate oxidation and mechanical shear.

 • Develop a new “green” process to generate 
hydrophobic cellulose nanofibrils.

 • Develop electrically conductive nanocellulose products 
and silica aerogels.

Diverse nanocelluloses 
New rice straw nanocelluloses—both cellulose 
nanocrystals (CNCs) and cellulose nanofibrils (CNFs)—
have been generated by two-step oxidation with sodium 
periodate and sodium chlorite, followed by mechanical 
blending. This approach has produced a wide range of 
rod-like CNCs and ultra-thin CNFs in dimensions and 
surface charges that can be simply tuned by reaction 
conditions.

New green process
Researchers tested and validated a new “green” process 
utilizing a recyclable, multifunctional reagent, solvent, 
and acid precursor to produce more organic solvent 
compatible and hydrophobic nanocelluloses. This 
process is an efficient way to synthesize stable ethers 
with minimal environmental impact.

The cellulose nanofibrils generated are narrower 
than those previously produced but are far more 
thermally stable—a significant advantage. They are 
more compatible with polymers and plastics. Nanofibrils 
produced with this process will be further investigated as 
reinforcement composites for a wide range of applications 
such as sustainable packaging and building materials.

This breakthrough innovation is the only “one-pot” 
process known to date for producing more hydrophobic 
nanocelluloses. A provisional patent for this novel 
approach was filed in 2017.

Novel Nanomaterials and  
Performance Industrial Products

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. To date, four provisional patents related to this research have been filed.  
A diverse array of  nanocelluloses have been fabricated from rice straw cellulose. 

Project Leader:
You-Lo Hsieh, professor 
Division of  Textiles and Clothing, UC Davis
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This breakthrough innovation 
is the only ‘one-pot’ process 

known to date for producing more 
hydrophobic nanocelluloses. A 
provisional patent for this novel 

approach was filed in 2017.
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Graphene nanopaper
A highly promising new application 
for rice straw cellulose nanofibrils as a 
multifunctional agent for graphene has 
been discovered and validated. 

Graphene is a two-dimensional 
nanomaterial with excellent electrical 
conductivity and thermal properties, 
but it cannot be mass-produced 
effectively and sustainably. Research 
from this project showed that rice 
straw CNFs in combination with shear 
force can exfoliate graphite into high 
quality graphene in high yields and 
concentrations. Aqueous graphene 
suspensions stabilized by CNFs 
were easily filtered into a “foldable 
nanopaper” that exhibits a moisture 
responsive deformation behavior. 

This graphene-CNF nanopaper 
has potential applications as 
biological sensors and actuators. 
Two new provisional patents based 
on nanocellulose-based conducting 
aerogels and graphene materials were 
filed in 2018.

utilizes the major rice straw components, cellulose and 
silica. These aerogels showed much higher mechanical 
strength, modulus, and structural flexibility than silica 
aerogels and displayed greater thermal stability than CNF 
aerogels.

Electrically conductive aerogels
Electrically conductive aerogels are a new frontier in this 
work. Researchers invented a method to incorporate 
nanocellulose with conducting materials through 
protonation of a conducting polymer. These conductive 
composite aerogels may be used as strain sensors for 
potential applications such as health monitoring and 
diagnosis.

Novel nanocellulose aerogels
Nanocellulose aerogels are the most developed rice 
straw-based products in this project. These rice straw 
nanocellulose aerogels are super-absorbent of aqueous, 
as well as organic liquids, and are far more versatile 
than hydrophilic silica aerogels and hydrophobic 
carbon nanotube or graphene aerogels. The unique 
amphiphilicity of rice straw nanocellulose aerogels can 
be fine-tuned to selectively absorb and remove organic 
solvents and oils from water. Research has led to the 
development of more thermally stable CNF-silica aerogels 
and electrically conductive nanocellulose aerogels.

Nanocellulose-silica aerogels
Rice straw CNFs were combined with silica to produce 
CNF-silica aerogels. This approach takes advantage 
of their complementary properties and also more fully 

0 s 34 s

127 s 137 s

Cyclic bending and recovery of graphene/CNF nanopaper 
upon exposure to human breath.
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Rice straw ash was produced by burning washed rice 
straw in a kiln at 1,112 degrees Fahrenheit for one hour. 
The ash was then ground into a powder. The chemical 
composition of this substance was about 90% silica, 
which is beneficial to concrete. Slag and sand were mixed 
with an activator solution (sodium hydroxide) to make 
mortar samples. 

Two methods were used to add rice straw ash to the 
mix. The first used rice straw ash without any further 
processing after grinding. In the second method, rice 
straw ash was presoaked in the activator solution for 24 
hours and then mixed into the samples.

Compressive strength of mortar samples containing 
5%, 10%, and 15% rice straw ash was measured at 
three, seven, and 28 days. Samples were compared with 
those that did not include rice straw ash. 

Results indicate that adding rice straw ash in alkali-
activated slag significantly increases compressive 
strength. For instance, samples containing 10% treated 

rice straw ash had more than twice the strength of 
those without rice straw ash.  Treated rice straw ash 
also performed better than the untreated rice straw ash. 
Treated rice straw ash gained higher strength when cured 
at higher temperatures.

Based on the results of this research, two conclusions 
can be drawn. First, rice straw ash can be a potential 
candidate to replace sodium silicate in alkali-activated 
systems as a strength booster. Second, addition of rice 
straw ash in these systems will allow concrete producers 
to reduce activator concentrations to achieve a given 
strength. This could help reduce the cost and carbon 
footprint of alkali-activated concrete production.

This research provides preliminary, fundamental 
evidence that utilization of rice straw ash in alkali-
activated systems enhances properties of these systems. 
The project leader presented the results of this study at 
the American Concrete Institute convention in October 
2018.

Improving Concrete Properties with  
Rice Straw Ash

Researchers at California State University, Chico, continued an investigation 
into the use of  rice straw ash in alkali-activated slag cement. 

Project Leader:
Feraidon Ataie, program coordinator 
Concrete Industry Management Program 
California State University, Chico
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From left to right: Rinsing out rice straw after 24 hours of 
soaking; washed rice straw in a stainless steel cage prior to 
burning; rice straw after burning—rice straw ash powder.



Utilization of Rice Hull Ash  
in Concrete

This research project had three main goals: to investigate the long-term durability of  concrete 
containing rice hull ash, to study the impact of  rice hull ash on admixtures for concrete, and to compare 

the performance of  rice hull ash with that of  other supplementary cementitious materials such as silica fume, 
metakaolin, and slag.

Project Leader
Feraidon Ataie, program coordinator 
Concrete Industry Management Program 
California State University, Chico
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Work began on this project at Chico State in July 2018. 
Rice hulls were obtained from a local rice company, 
soaked in water for a day and then dried. The hulls were 
then burned in a ceramic kiln to produce rice hull ash. 
The ash was ground in a laboratory mill to produce a 
powder. The same procedure was used to prepare rice 
straw ash.

Mortar samples containing 10% rice hull ash were 
made and compressive strength was to be measured at 
seven, 28, and 91 days. Initial results were compared to 
samples containing no rice hull ash. The heat of hydration 
also was measured with an isothermal calorimeter.

Before the experiments could be completed, however, 
smoke from the Camp Fire in nearby Paradise closed 
the Chico State campus and the ongoing experimental 
procedures were discontinued. Most of the experiments 
will be repeated in 2019.

Nonetheless, initial data obtained prior to the Camp 
Fire, showed that adding rice hull ash in concrete 
increases strength but reduces concrete workability.

Initial data obtained prior to the 
Camp Fire shows that adding rice 

hull ash in concrete increases 
strength but reduces concrete 

workability.
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The potential availability of ash produced from rice hulls 
and rice straw is approximately 400,000 tons annually. 
Motivation for this project was to assess the current 
understanding of using rice-based ashes to reduce the 
quantity of cement needed for concrete production. 
Specific objectives were to conduct a literature review and 
to develop a roadmap for future research, development, 
and implementation of rice hull ash and rice straw ash for 
the concrete industry.

Literature review
Project researchers conducted a robust review of 
the scholarly and technical literature on a number of 
topics related to using rice hull and rice straw ash as a 
supplementary cementitious material. While there is a 
wealth of literature on the use of rice hull ash, there is still 
limited work and literature on the use of rice straw ash 
to draw substantive conclusions. The review focused on 
several key areas:

Biomass preparation, combustion, and ash 
properties—The biggest finding was that combustion and 
gasification of rice hulls and straw can be used successfully 
as sources of energy. Combustion also produces ash with 
properties similar to popular supplementary cementitious 
materials for concrete. Rice hull ash can exhibit similar 
properties to silica fume, a desirable attribute for concrete. 
However, specific preparation methods are necessary to 
maintain the glassy state of silica necessary for reactivity in 
concrete production.

Advantages and disadvantages of the use of rice 
hull ash in concrete—Findings from the literature suggest 
that rice hull ash may offer several advantages for use 
in concrete. Some of the potential advantages of using 
rice ash in concrete include that rice hulls are broadly 
available, benefits from energy production, increased 
long-term concrete strength and durability, and expected 
reductions to the carbon footprint of concrete. Some of 
the disadvantages include variability resulting from different 
cultivation practices, increased water requirements in 
concrete batching, reduced workability, increased setting 
time, and capital investment required for combustion 
facilities. The outlook is promising but the number 
of studies are few and more research is needed for 
implementation.

Market and environmental impacts associated with use 
of rice hull ash and rice straw ash in concrete—Literature 
on the environmental impacts of rice combustion and ash 
products for use in concrete is limited. A more thorough 
assessment of the environmental, social, and economic 
impacts on rice hull ash and rice straw ash is needed. If it can 
be shown that these alternative ash sources provide similar 
properties to conventional supplementary materials with 
lower environmental impact, they could command similar or 
higher prices than cement in regions with high demand for 
supplementary cementitious materials.

Cement producer survey
Surveys given to ready-mixed concrete producers revealed 
that cement users are hesitant about the incorporation 
of rice-based ashes into industry applications. Their 
hesitation is based on several factors—one of the biggest 
being the lack of understanding on the performance of 
rice ash in concrete. They also expressed concern about 
the continuous availability of high quality ash with minimal 
variation in properties.

Roadmap for future work
From the findings of the literature review, a roadmap was 
developed to guide future research, development, and 
implementation. Key areas to pursue include:

Research—Assess how rice hull and straw treatment 
methods, coupled with energy production methods, 
influence ash properties for use in concrete. Further 
evaluate the impact of rice hull ash on concrete durability. 
Further evaluate the impact of rice straw ash on concrete 
strength and durability. Determine how biomass treatment 
methods for energy production can change the properties 
of rice-based ashes.

Development—Determine how much ash could be 
produced annually. Assess feasibility to store ash at 
combustion sites, as well as how it can be transported.

Implementation—Estimate costs associated with 
producing, storing, and transporting ash. Determine 
thresholds for the cost of electricity or ash that would make 
these inputs reasonable. Assess the environmental impacts, 
considering different production methods, of the electricity 
and ash. Identify the extent to which environmental impacts 
might drive the market for these ashes.

Literature Review of using Rice Hull  
and Rice Straw Ash in Concrete

Demand for cement to produce concrete in California continues to grow. As in most regions, California uses 
mineral mixtures like fly ash to improve constructability, performance, and sustainability of  concrete. Fly ash 

is a byproduct of  coal-fired plants. It reacts with cement to produce desirable properties in concrete. California 
consumes about 1 million tons of  fly ash annually and has to import all of  this material from other states.

Project Leader:
Sabbie Miller, assistant professor 
Depar tment of  Civil and Environmental Engineering, UC Davis
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BORCHARDT, CORONA, FAETH & ZAKARIAN
Accountancy Corporation
1180 E. Shaw Avenue, Suite 110
Fresno, California  93710

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

Report on Financial Statements
We have audited the accompanying financial statements of the California Rice Research Board, which comprise 
the combined statement of financial position as of August 31, 2018 and the related combined statement 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. Those standards 
require that we plan and perform the audit to obtain reasonable assurance about whether the financial statements 
are free from material misstatement.

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

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

Opinion
In our opinion, the financial statements referred to above present fairly, in all material respects, the financial position 
of the California Rice Research Board as of August 31, 2018, and the changes in its net assets and its cash 
flows for the year then ended in accordance with accounting principles generally accepted in the United States of 
America.

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

Fresno, California
March 15, 2019
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF FINANCIAL POSITION
AUGUST 31, 2018

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, 2018

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, 2018

See auditor’s report and notes to financial statements.



NOTE 1  SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES

A. Organization

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

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

B. Basis of Presentation and Accounting

1. Basis of Presentation
The Board is required to report information regarding its financial position and activities according to three 
classes of net assets: unrestricted net assets, temporarily restricted net assets, and permanently restricted 
net assets based upon the existence or absence of donor-imposed restrictions. The Board does not have any 
permanently or temporarily restricted net assets.

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 2017-18 fiscal year the Board established an assessment rate of $0.05 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.

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.
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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, 2018 were approximately $3,864.  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. 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.

L. 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.  During the 2017-18 
fiscal year, the Board met their reserve policy.

NOTE 2  CASH AND INVESTMENTS
Cash and investments at August 31, 2018 consisted of the following (cost approximates fair market value):

Cash

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

Investments and the Fair Value Measurements

Investments are carried at amortized costs which approximate the fair market value.  The fair value of 
investments (available for sale) has been measured on a recurring basis using Level I inputs, which are based on 
unadjusted quoted market prices within active markets.  There have been no changes in valuation techniques 
and related inputs.
The Board maintains cash in the Local Agency Investment Fund (LAIF). The fair market value of the Board’s 
investment as of August 31, 2018, as provided by the LAIF Administrator, was $11,215,749. Assumptions made in 
determining the fair value of the Board’s investment portfolios are available from the State of California.
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NOTE 3 EQUIPMENT

Depreciation expense for the year ended August 31, 2018 was $266.

NOTE 4 UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS
Of the total $926,694 United Tariff-Rate Quota Management Funds reported in the Reserve Fund, $36,122 was 
received from EU-TRQ funds and $890,572 was received from Colombia Rice Export Quota, Inc. (COL-RICE) during 
2017-18. 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 $890,572 is the Board’s portion of these funds.

NOTE 5 PROGRAM EXPENDITURES
A summary of program expenditures in the combined statement of activities for the year ended August 31, 2018 
is as follows:

NOTE 6 RICE RESEARCH TRUST GRANT
In August 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 2018, the Board made a donation from the Reserve Fund 
of $500,000.

NOTE 7  CONCENTRATION OF CREDIT AND MARKET RISK
Included in assessments receivable are amounts due from four mills which represents 55% of total assessments 
receivable as of August 31, 2018.
There were four mills who paid 48% of the assessment revenue for the year ended August 31, 2018.

NOTE 8  SUBSEQUENT EVENTS
Subsequent events have been evaluated through March 15, 2019 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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California Rice Research Board

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

Members District Alternates
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Chico
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M: 916-417-2282 2 Rob Van Dyke
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Mike Daddow
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Kay Siller
Yuba City

O: 530-674-9460 2 George Tibbitts
Arbuckle

O: 530-437-2546
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Andrew Rudd
Gridley

M: 530-682-0929 1 Christine Wylie
Colusa

M: 530-458-4721 

George Swaner
Glenn

O: 530-934-3651 1 Daniel Robinson
Durham

O: 530-342-6867 

Henry Kalfsbeek
Arbuckle
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Maxwell

O: 530-438-2518

Bert Manuel
Yuba City

M: 530-870-2137 2 William Warnock
Nicolaus

M: 530-330-1828

Public Member RES Liaison

Gilbert Stresser
Yuba City

M: 530-701-9714 Steve Willey
Nicolaus

M: 530-682-7832
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