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California Rice Research Board Chairman Jason Bowen
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Chairman’s Report

elcome to the 49th annual report to the California Rice Growers. In the following pages
we report on grower funded research from 2017 that is essential to the California rice
industry. This report tracks progress on rice breeding, genetic improvement, variety trials, weed
and disease management, fertilizer research, invertebrate pest control, water use efficiency,
environmental research, and studies examining rice straw utilization.
California’s public rice breeding program is conducted
and managed by scientists at the Rice Experiment Station
(RES). The program has made 49,043 crosses and released
47 improved public rice varieties since its inception in
1969. Foundation seed of 17 public varieties and basic seed
of one Japanese premium quality variety were produced in
2017. Read about progress in the five major project areas in
the Rice Breeding Program section.
Testing of promising experimental lines took place at 16
farm locations and at RES in 2017. Top-yielding advanced
lines are reported for each of the three maturity classes,
along with yields of standard varieties. Results of statewide
testing are described in the Rice Variety Trials section.
Geneticists continued research to select genes
associated with reduced uptake of arsenic and resistance
or tolerance to the herbicide pendimethalin (Prowl®). This
work is reported in Genetics for Rice Improvement.
Fertilizer research continued in four areas—potassium
status of rice soils, management of rice under alternating
flooded/dry conditions, rice yield variability, and improving
fertilizer nitrogen use efficiency. Some highlights include:
potassium fertilizer should be considered when soil
potassium levels are below 120 ppm; alternative water
management practices can reduce greenhouse emissions
while not negatively affecting yields; medium grain yields
have the potential to improve up to 1,500 pounds/acre;
sensitivity to cool stress and heating stress during booting
varies by grain type; and a handheld sensor is a promising
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tool to predict the need for a midseason top-dressed
nitrogen application. Read about this work in Improving
Fertilizer Guidelines for a Changing Rice Climate.
In a related project, research shows a strong link
between nitrate assimilation and increased rice yields
through nitrification of nitrogen fertilizer in the root zone.
The magnitude of that influence varies among different
cultivars. This work is reported in The Role of Nitrification
in Rice Systems to Support Nitrogen Use Efficiency.
Evaluation of commercially available seaweed derived
products marketed for rice production continued. Growers
and PCAs who want to include these products should test
them over several years at the desired locations to find the
products that provide the most benefit. This research is
reported in Evaluating Seaweed Extracts as Biostimulants
in California.
Weed management research examined herbicide
combinations for continuous flood, pinpoint flood,
and drill-seeded rice. Significant research took place
to optimize the newly available Butte® herbicide
in combination with other herbicides. Other weed
management research looked at new adjuvants, as well
as different formulations and new active ingredients.
Preliminary results with an experimental line containing
the Roxy™ trait that provides resistance to oxyfluorfen were
very encouraging. Also, testing for suspected herbicide
resistant weed populations increased. Read about this
work in Weed Management in Rice.
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An area of increasing concern is weedy red rice,
which has been identified on more than 10,000 acres
in every rice growing area except Sacramento County.
Five distinct populations of weedy red rice have been
identified. Precautions need to be taken to prevent
further spread, including closely monitoring movement
of rice seed and strict adherence to certified seed only
usage. This research is reported in Weedy Red Rice
Control.
A new project assessed the performance and
feasibility of using remotely piloted aircraft to treat
patches of weeds with herbicides. Results were
consistently encouraging, demonstrating its potential
for a new, flexible, and low cost method of controlling
patchy weeds. Read about this research in Spot Spraying
of Rice Weeds from Remotely Piloted Aircraft.
Rice diseases have long been a concern to growers.
A renewed effort to enhance fungicidal control of
diseases, particularly stem rot and aggregate sheath
spot, began in 2017. This work, as well as an assessment
of the threat posed by kernel smut, is reported in Rice
Disease Research and Management.
The Rice Water Weevil (RWW) has been the subject
of much research over the years. In 2017, eight active
ingredients were examined in 16 ring plot treatments.
Work also continued on the susceptibility of different rice
varieties to RWW, control of tadpole shrimp, monitoring
armyworms with pheromone traps, the impact of rice
pesticides on nontarget insects, and evaluating the
damage potential of several species of stink bugs. This
work is reported in Protection of Rice from Invertebrate
Pests.
Research on how rice pesticides degrade
in the environment focused on the herbicide
Butte® (benzobicyclon), the insecticide Coragen®
(chlorantraniliprole), and modeling of the herbicide
thiobencarb (Abolish® or Bolero®) leaving rice fields.
Research on Butte® supports the 20-day water holding
period recommended by the U.S. Environmental
Protection Agency. Research on Coragen® indicates that
it may mobilize with rice field tailwater. A model capable
of predicting thiobencarb concentrations downstream
from rice fields fits well with the Colusa Drain, but
additional monitoring data would be necessary for the
model’s application to other areas. Read about this
research in Environmental Fate of Rice Pesticides.
Research wrapped up on the potential for rice
herbicide drift to affect walnut growth and production.
Studies were conducted with propanil (SuperWham!®),
bensulfuron (Londax®), and bispyribac-sodium
(Regiment®) at four rates resembling plausible drift.
Although this research shows that bispyribac-sodium
drift has the potential to be an issue for walnut orchards,
it is unlikely that it would drift at high enough levels to
cause significant yield and quality effects. Read about
this work in Understanding the Effects of Rice Herbicide
Drift on Walnuts.
A project to assess the presence of mercury in
California rice systems continued. A study of alternate

wetting and drying of rice fields showed that this
technique reduced mercury concentrations in water,
soil, and rice grains and could be used as a mitigation
practice if necessary. A new area of research in
this project is seeking to quantify methylmercury
concentrations in commercial fields located in Butte,
Colusa, and Yolo counties. This work is reported in
Mercury in California Rice Systems.
Another project is examining arsenic uptake during
rice cultivation. Research showed that alternate wetting
and drying management has the potential to minimize
both arsenic and cadmium simultaneously. Read about
this research in the section Arsenic Speciation in Rice
and the Environment.
Researchers are identifying opportunities to
improve water use efficiency in California rice systems.
Degree day models would be improved by using water
temperatures during the first part of the growing season.
Other areas of research examined percolation and
seepage losses, as well as water balance calculated for
three sites. Read more in Identifying Opportunities for
Improving Water Use Efficiency.
A project studying how to convert rice straw
components into nanomaterials and advanced functional
products is producing impressive results. A diverse array
of nanocelluloses have been fabricated. Work continues
on improving the processes and resulting products
from this research. This work is reported in Novel
Nanomaterials and Performance Industrial Products.
Researchers at California State University, Chico,
shifted focus to a new area of research in 2017: anaerobic
digestion of farm waste. Biogas production of rice straw
was measured and compared with other farm based
sources such as olives, apples, and peaches. Read about
this work in Biobased Insulating Panels and Anaerobic
Digestion of Farm Waste.
Another project at Chico State also shifted focus to
investigate the use of rice straw ash in alkali-activated
slag cement. Researchers report remarkable results in
improving the physical properties of concrete with this
innovation. This work is reported in Improving Concrete
Properties with Rice Straw Ash.
Research also continues on the use of rice straw as
a livestock feed. Cattle fed ammonia-treated rice straw
as part of their diet substantially increased weight gain
compared to other treatments. Read about this work in
Increasing the Feeding Value of Rice Straw.
Our ongoing investment in research continues to
reap many benefits for the California rice industry. We
are a strong, reliable, economic engine of progress
with a demonstrated commitment to environmental
stewardship. That bodes well for the future of agriculture
in our region. Wishing you all the best for a safe and
productive year in rice country.
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Rice Breeding Program
Rice Experiment Station scientists

Kent McKenzie, director
Virgilio Andaya, director of plant breeding; plant breeder, Calrose medium grains
Farman Jodari, plant breeder, long grains
Stanley Omar Samonte, plant breeder, premium quality and short grains
Paul Sanchez, plant pathologist
Cynthia Andaya, research scientist, DNA marker laboratory

T

he California public rice breeding program has developed 47 improved rice varieties since
accelerated research began in 1969. Foundation seed of 17 public varieties and basic seed
of one Japanese premium quality variety were produced on 134 acres at the Rice Experiment
Station (RES) in 2017.
The rice breeding program consists of five research projects
developing California-adapted varieties for specific grain
and market types. Virgilio Andaya is responsible for the
Calrose medium grain project and is also director of
plant breeding. Stanley Omar Samonte oversaw premium
quality and short grains breeding. Farman Jodari led
the long grain project and also served as liaison with
Southern U.S. breeding programs. He had been working
at RES since 1999 but retired in June 2017. Paul Sanchez
led the rice pathology laboratory in 2017. The plant
pathologist supports efforts to improve disease resistance
in all projects. Cynthia Andaya is in charge of the DNA
marker laboratory and the grain quality lab. Director Kent
McKenzie oversees administration of the Rice Experiment
Station. Progress highlights from 2017 are reported below.

Breeding nurseries
Seeding of the 2017 breeding nursery was delayed because
of a heavy winter and extended spring rains. Drill seeding
of the second-generation maintenance nursery, two
preliminary yield plots, and milling plots occurred between
May 8 and May 16. Water seeding began May 22 and was
completed May 31.
A total of 1,124 crosses were made for rice improvement,
bringing the total to 49,043 since 1969. Crosses made in
early spring 2017 were grown during the summer at RES to
produce second-generation seed. Crosses made in summer
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were planted in the Hawaii winter nursery and/or in the RES
greenhouse to accelerate the selection process.
The breeding nursery occupied about 75 acres. Waterseeded yield tests comprised 2,832 small plots and 2,468
large plots. The nursery included 51,500 water-seeded
pedigree rows, 1,485 drilled second-generation plots,
and 20,460 drill-seeded seed maintenance rows. A total
of 1,408 rows were planted for seven advanced lines
selected for preliminary headrow increase—in addition to
1,819 rows of herbicide resistant materials. An estimated
150,000 panicles were selected from various secondgeneration populations for screening and advancement.
Foundation seed headrows were grown for breeder
seed of L-206, L-207, M-209, M-105, Calhikari-201, and
Calhikari-202. Headrows of experimental lines 15Y84 and
12Y3097—both proposed for release as new varieties in
2018—also were grown. Headrow seed can be used for
several years to produce breeder seed because it is stored
under low temperature and proper humidity conditions.
The 2017–2018 Hawaii winter nursery was comprised of
7,280 progeny rows, 880 headrows of 17Y3000, and 580
transplanted rows of first-generation and miscellaneous
materials. The rows were dry seeded between October 31
and November 2, 2017. First-generation seedlings were
transplanted November 20, 2017. Selection and harvest
was set for April 2018, with seed to be returned for
processing and planting in the RES breeding nursery.
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Calrose medium
grain breeder Virgilio
Andaya reports on
a blast resistant
advanced line at Rice
Field Day.
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 455
six row, second-generation plots. Weed control was
good, although damage from geese caused poor stand
establishment for about one-third of the population.
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 2017 to evaluate promising advanced
selections from all three maturity groups—very early,
early, or intermediate/late. More detail is reported in
the Rice Variety Trials section of this annual report and
online at rice.ucanr.edu
Preliminary yield tests are the initial step of replicated
large-plot testing for experimental lines. These tests
included experimental entries, as well as check varieties.
Yield of the top experimental lines compared well with
check varieties. Superior entries will be advanced to
2018 statewide yield tests.

Calrose medium grains
The predominant rice varieties planted in California are
medium grains, commercially and internationally known
as Calrose rice. More than 80% of California rice acreage
is planted to medium grains. Breeding for medium grain
rice comprises about half the rice breeding program.
A third of this project is devoted to premium quality
medium grain varieties that previously had been
assigned to the short grains project.
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. To achieve stable grain
yield across the region, emphasis is given to selecting
materials with high seedling vigor and tolerance to low
temperature-induced blanking. Milling yield in terms of
both total and head rice are given top priority. Breeding
materials are planted mostly by hand at the RES
breeding nursery in May, while the second-generation
nursery and seed maintenance plots are drill planted
in the last week of April. Seed increase and generation
advance also takes place at the Hawaii Winter Nursery.

Average grain yield and agronomic characteristics of medium grain check varieties grown at the Rice
Experiment Station in 2017 for the statewide variety trial tests
Variety

Grain Yield
(lbs./acre)

Seedling
Vigor

Days to
Heading

Plant Height
(cm)

Lodging
(percent)

M-209

10,330

4.9

79

102

17

M-205

10,220

4.8

81

101

8

M-206

10,000

4.9

71

102

61

M-208

9,760

4.8

71

103

48

M-105

9,500

4.9

69

100

56

M-104

9,230

4.8

66

98

40
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Check variety performance
Calrose varieties that are still in commercial production
in California are used as checks in preliminary and
advanced yield tests. In 2017, these included M-105,
M-205, M-206, M-208, M-209, and M-104. The latter
will be replaced with M-105 as a very early check,
while M-208 will be phased out as the blast resistant
check. M-209 has been the top-yielding check variety
for several years, with an average grain yield of 10,330
pounds/acre in 2017. The two-week delay in planting the
breeding nursery in 2017 probably affected the yields
of early maturing varieties M-105 and M-104, as well as
M-206.
Premium quality medium grains
Premium quality medium grain entry 12Y2175 produced
outstanding yields in 2017. It was the top yielder at RES,
with grain yield ranging from 11,500 pounds/acre to
11,800 pounds/acre—about 18% to 22% over M-206. This
advanced line heads about 10 days later than M-206 and
two days later than M-209. Further evaluation of cooking
characteristics and grain quality through internal and
external evaluations will determine whether 12Y2175 is of
M-401 premium quality.
Advanced line 12Y3097: M-210
Advanced line 12Y3097 is being recommended for release
in 2018 as a blast resistant, high yielding, early maturing,
glabrous Calrose medium grain. It was in foundation seed
increase in 2017 and has a proposed name of M-210.
12Y3097 is 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 new IB-1 blast strain.
The line performed similarly to M-206 in grain yield, milling
characteristics, and other agronomic traits.
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The overall grain yield of 12Y3097 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. Compared to
M-208, 12Y3097 reached 50% heading in 83 days, had
slightly shorter plant height, and similar seedling vigor and
lodging. It may not be suitable for colder areas.
Milled rice grains of 12Y3097 were heavier and slightly
wider than M-208 and M-206. Grain length is between
M-206 and M-208. With these grain characteristics, it can
be comingled with other Calrose varieties. Milling data
showed that the head rice yield of 12Y3097 when harvested
at 19% to 22% grain moisture averaged 65/70 (head/
total), compared to 64/69 for M-206 and 63/68 for M-208.
When cut at moistures above 22%, milling yield of 12Y3097
improved to 66/70. Head rice decreased on all entries cut
below 19% harvest moisture.
Average apparent amylose (starch) content and protein
content of 12Y3097 is 15.7% and 6.6%, respectively. Those
values 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 have been favorable.
Screening for blanking showed that 12Y3097 had better
cold tolerance than M-208 and similar cold tolerance
to M-206. In addition to being blast resistant, 12Y3097
reacted comparably to check varieties against aggregate
sheath spot. Reaction to stem rot was slightly better than
M-206 and M-208.

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.
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Entries evaluated in various yield tests in 2017
included 390 conventional long grains, 108 basmati
types, 65 jasmine types, and seven aromatic long grains.
Twenty-seven were in statewide tests.
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, L-207, and A-202 were the long grain check
varieties in 2017 statewide tests. 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 range between 63%
to 67%, compared to 62% to 63% for L-206. However,
L-207 has lower stem rot and aggregate sheath spot
resistance than L-206.
A-202 is a conventional aromatic variety released
in 2014 as a replacement for A-301. A-202 is nine days
earlier, taller, with higher seedling vigor and comparable
flavor characteristics. Milled kernels of A-202 are slightly
bolder than A-301 with starch characteristics typical
of conventional long grains. A-202 is adapted to Butte,
Colusa, Yuba, Glenn, and Sutter counties but not colder
rice growing areas.

An advanced conventional long grain line, 14Y1006,
performed well in 2017 statewide tests. Grain yield of
14Y1006 at RES reached 11,360 pounds/acre, compared to
10,707 pounds/acre for L-207 and 10,280 pounds/acre for
L-206. Pooled grain data from all statewide test locations
(except Yolo County) show a significantly higher yield
advantage over L-206. Milling yield data shows 14Y1006
is similar to L-207 and less chalky. Compared to L-206, it
headed in 69 days (two days earlier) and is taller with higher
lodging. Cooked grain texture is similar, with subjective
scores favoring 14Y1006. Headrow production of this line is
planned for 2018.
Advanced line 15Y84: Calaroma-201
A jasmine-type long grain line, 15Y84, has been
recommended for release in 2018 as “Calaroma-201.” It
is a high yielding, semidwarf, early maturing, glabrous,
aromatic developed as an alternative to imported Thai
jasmine.
Over a three-year period,15Y84 compared closely with
L-206 and A-202. In 2017 it was entered in all locations
of the statewide yield tests. The overall grain yield of
15Y84 averaged 9,450 pounds/acre, compared to 9,310
pounds/acre for L-206 and 8,890 pounds/acre for A-202.
It reached 50% heading five days later than L-206
and one day later than A-202. 15Y84 is slightly taller
than L-206 but shorter than A-202. It demonstrated
comparable seedling vigor and lodging scores. Area of
adaptation is similar to L-206, but it is not recommended
for colder rice growing areas.
Grains of 15Y84 are lighter, longer, and narrower than
L-206 and A-202. The head rice yield of 15Y84 harvested

Average grain yield and agronomic characteristics of long grain check varieties grown at the Rice
Experiment Station in 2017 for the statewide variety trial tests
Variety

Grain Yield
(lbs./acre)

Seedling Vigor

Days to
Heading

Plant Height
(cm)

Lodging
(percent)

L-207

10,710

4.9

74

109

12

L-206

10,280

4.8

71

94

18

A-202

9,440

4.9

73

102

15
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between 19% and 21% moisture was 60/67 (head/total),
compared to 61/70 for L-206 and 61/68 for A-202.
Apparent amylose, protein percentage, and gel type
of 15Y84, L-206, and A-202 were taken and independently
evaluated. Amylose content of 15Y84 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, 15Y84 cooked
softer and stickier than the conventional long grains in
this comparison. Feedback on eating quality from Asian
consumers of imported jasmine rice also was favorable,
indicating that 15Y84 can be an excellent alternative to
imported Thai jasmine.
Because of the general sensitivity of long grains to cold
temperatures, 15Y84 is recommended only for warmer
areas or those areas where L-206 and A-202 perform well.
Reaction to stem rot is between L-206 and A-202, with
L-206 being more susceptible. However, 15Y84 is more
susceptible to aggregate sheath spot. Its susceptibility to
blast is similar to L-206 and A-202.

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. The short grain entries evaluated in
2017 yield tests included 118 conventional short grains,
69 premium short grains, 147 waxy short grains, 17 low
amylose, and 47 Arborio types. Twenty entries were
entered in statewide yield tests.
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Short grain yield tests
Experimental lines in nurseries and yield tests were
compared against check varieties, including S-102,
Calhikari-201 (CH-201), Calhikari-202 (CH-202),
Calmochi-101 (CM-101), Calmochi-203 (CM-203),
Calamylow-201 (CA-201), and the Arborio-type germplasm
line 89Y235. Some background on these varieties includes:
•• 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.
•• CH-202, released in 2012, is the latest premium quality
variety. It is early, short, pubescent, yields higher than
CH-201, has better eating quality, smaller grains, and
higher milling yields.
•• CM-203, released in 2015, is the latest waxy or sweet
rice. It is a high yielding, glabrous, early maturing variety
released as an alternative to CM-101.
•• CA-201 is no longer in seed production but will serve as a
check for low amylose lines.
•• 89Y235 is a germplasm with big seeds.
In 2017 statewide yield tests at RES, grain yield of CM-203
was the highest at 10,580 pounds/acre, followed by S-102
at 10,060 pounds/acre. The yield of CA-201 was the lowest
at 5,990 pounds/acre. Seedling vigor of CH-201 was still
the best among the short grains. However, the premium
short grains still lagged behind in terms of straw strength.
Number of days to heading among check varieties ranged
from 72 to 76 days.
Promising conventional short grain
A conventional short grain line, 10Y2043, continued to
show yield superiority over S-102 in almost all statewide
yield tests in 2017. Grain yield of 10Y2043 averaged across
eight locations in 2016 was 11,330 pounds/acre (an 18%
yield advantage over S-102). Similarly, in 2017 its grain yield
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RES Director Kent
McKenzie speaks
to attendees of
the 2017 Rice Field
Day.

Herbicide resistant rice
A three-year research project on herbicide tolerant rice concluded in 2016. This project produced a non-GMO
rice trait providing resistance to the herbicide oxyfluorfen, marketed as Goal® 2XL and Goal Tender®.
This trait was discovered in a population of M-206, currently the most widely grown Calrose variety in
California. Genetic studies by RES scientists showed that this trait is inherited by a single recessive gene. It has
been designated as ROXY™—an acronym for resistance to oxyfluorfen.
Transfer, selection, and recovery of the ROXY™ trait to other varieties and grain types has been
accomplished by the breeding program. Field and greenhouse research on rice weed control from 2015 to 2017
was conducted at RES and at nine off-station locations.
Results of these experiments show that oxyfluorfen applied preplant in a water-seeded system provides
high levels of rice weed control with acceptable levels of crop safety. Tests in 2017 also show very high levels
of weed control in combination with other registered herbicides. Furthermore, it was effective in drill-seeded
rice with a preplant and/or preflood application.
The use of oxyfluorfen with an adapted rice variety containing the Roxy™ trait could offer a number of
advantages, including:
•• Application could be made on dry fields in the final steps of seed bed preparation.
•• Use in proximity to sensitive areas or crops could be possible.
•• Resistance to contact herbicides has not been reported for California rice weeds.
•• As an off-patent herbicide, oxyfluorfen could result in significant cost savings to rice growers.
A patent for this technology has been filed. The effort is supported by the California Rice Commission,
California Rice Research Board, and California weed scientists. Research on breeding, genetics, efficacy, and
data requirements to register oxyfluorfen for application on California rice is underway.
at RES was 11,220 pounds/acre. Pooled average grain
yield advantage from 2015 to 2017 ranged from 16% to
23% in all locations except San Joaquin, where it was 2%
lower than S-102.
Seedling vigor is similar, but 10Y2043 heads about two
to four days later and has a greater tendency to lodge.
Grains of 10Y2043 are smaller than S-102, have a similar
length/width ratio, and are less chalky. It has a glabrous
or smooth hull compared to the pubescent grains of
S-102. Foundation seed of 10Y2043 will be produced in
2018.

Specialty short grains
Premiums—Much effort goes into evaluating
advanced lines for grain and cooking quality. Screening
is difficult, so equipment upgrades such as better rice
cookers and taste and grain analyzers are important.
In 2016, early Koshihikari mutants were purified and
confirmed with DNA analyses. The cooking quality of
these early lines is under evaluation.
Waxy—Calmochi-203 was released in 2015 to give
growers an alternative to Calmochi-101 (released in
1985). CM-101 had been the standard of quality for the
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sweet rice market in California. However, its yield potential
was significantly below CM-203. Despite its dramatic yield
advantage, CM-203 has not been accepted in the market
because of grain quality differences. Breeding efforts are
underway to further improve the quality of sweet rice and
couple that with higher yield potential.
Low amylose and Arborio types—The status of the
California market for low amylose short grains, as well
as demand for Arborio types, has not been determined.
Nonetheless, breeding efforts continue on a limited scale
for both types. In 1994, RES released 87Y235 as an Arboriotype germplasm source. It is grown commercially in small
acreage. Although seed production of CA-201 has been
discontinued, there is some small commercial production
of this specialty type.

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 the development of mutant
populations for herbicide resistance.
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. In 2017, a total 7,594 breeding lines
were screened for blast resistance; 3,080 lines for grain
quality and aroma; 6,248 lines for herbicide resistance;
and 343 lines for stem rot resistance. A total of 17,265 lines

were screened for four targeted traits, generating 30,607
relevant data points.
Marker-aided selection for blast resistance and grain
quality averaged 9,740 lines per year between 2011 and
2017. In 2013 alone, the lab analyzed 16,700 lines for
those two traits. Based on the seven-year record, current
equipment, and staffing, the lab is capable of handling
approximately 17,000 rice materials annually.
DNA fingerprinting
Another important function of the DNA lab is to assist in
variety identity and purity assessment—DNA fingerprinting.
The lab has developed a panel of DNA markers that
distinguish medium grain varieties from each other. This
has already been helpful in confirming seed contamination
in grower fields. Markers that can distinguish long grain and
short grain varieties also have been identified.
Fingerprinting requests vary, depending on the needs of
the breeding program. In 2017, the lab received 287 lines
for fingerprinting to confirm new crosses, putative M-209
mutants, RES germplasm 89Y235, and various samples
from foundation seed fields. Some growers also requested
variety identification.
An annual average of 2,166 lines were fingerprinted
from 2012 to 2017, generating a total of 24,022 useful data
points using at least 10 markers for purity and uniformity
testing. The greatest number of fingerprinting requests,
5,400 lines, occurred in 2016. On average, the DNA lab
analyzed 12,800 lines a year, generating 63,500 data
points. (This includes both marker-aided materials and
DNA fingerprinting.) The greatest number of lines examined
by the lab was 18,600 in 2012.
Herbicide resistance
Several years ago, the Rice Experiment Station embarked
on a project to find herbicide resistant rice using induced
mutation. In 2014, a mutant resistant to the herbicide
oxyfluorfen was isolated from an M-206 mutant population.
To determine the genetic location of herbicide resistance,
mapping populations were generated with a cross between
A-202 and the M-206 mutant, 14G7. Initial mapping studies
by the lab determined the chromosome location of the
ROXY™ gene. A fine-mapping population from a cross of
14G7 and L-206 also was developed. A total of 1,116 lines
were used for fine mapping from this population to further
narrow the genetic region of interest and to reduce the
number of candidate genes.

Rice pathology
Breeding for disease resistance is a cooperative effort
between rice breeders and the RES plant pathologist. Upon
the departure of Paul Sanchez in October 2017, DNA marker
lab research scientist Cynthia Andaya temporarily added
plant pathology to her responsibilities.
Since 2005, the immediate backcross program has
screened entries for blast, stem rot, and aggregate sheath
spot. Advancing generations from crosses have been
screened for both stem rot and aggregate sheath spot
resistance. In addition, early generation materials derived
from breeder crosses have been cycled through the disease
nursery to verify disease resistant lines.
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Blast
A major effort on blast resistance was initiated in 2005
by Jeffrey Oster, who retired in 2015 after more than 30
years as the rice pathologist at RES. This effort involved
backcrossing to introduce blast resistance genes from
various blast resistant germplasm in the M-206 genetic
background.
The first 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. The backcross
work utilized genes with a wide spectrum of resistance.
In 2012, four, near-isogenic lines of M-206 were entered
into statewide tests. The blast resistant lines performed
better than M-208 and were comparable to M-206. One
of the near-isogenic lines with blast resistance, advanced
line 12Y3097, has been recommended for release as a
new variety, M-210, to replace M-208.
Stem rot
In 2017, screening for stem rot resistance included
evaluations on 3,600 rows. A few crosses were made to
combine stem rot and blast resistance. Generations were
advanced with blast and stem rot screening occurring in
alternate generations. Aggregate sheath spot screening
was performed on purified lines.
Mapping populations previously had been scored for
stem rot resistance. Also, 660 rows were scored in the
field for fine-mapping of stem rot resistance from the
wild species, Oryza rufipogon. Some materials identified
as resistant in 2014 were again resistant in plots and
rows, but many others were inconsistent. Lack of
uniformity in the nursery may be at least partly at cause.
Variations in stem rot scoring in 2016 were observed
among lines in the mapping population. In 2017,
greenhouse evaluations were conducted to confirm the
degree of susceptibility and resistance of selected lines.

A yield study on the effect of stem rot on varieties
M-206, M-209, L-206, L-207, S-102, and S-301 was
conducted in small plots at RES in 2017. Grain yield was
10,130 pounds/acre for M-206 and 10,170 pounds/acre
for M-209. L-206 registered a yield of 9,710 pounds/acre,
while L-207 yielded 10,730 pounds/acre. S-102 yield
was 10,640 pounds/acre. L-207 was found to be more
resistant to stem rot and consistently yielded high in
fields inoculated with stem rot. M-206 was found to be
moderately resistant in this study.
Aggregate sheath spot
The backcross program also aims to transfer aggregate sheath spot resistance genes from Teqing,
Jasmine 85, and MCR10277 into M-206 and L-206.
Populations from various backcrosses are being
advanced in the greenhouse and in the field nursery.
Some lines show resistance equivalent to that found
in wild species. These materials have been put in cold
storage for future use.
Aggregate sheath spot screening in the greenhouse
expanded to include preliminary trial entries, as well as
statewide entries.
Quarantine introductions
The building blocks for any breeding program are
cultivars with traits desirable in commercial production.
Two hundred lines from the Southern U.S. have been
received for evaluation and use in the breeding program
at the Rice Experiment Station. The seeds of each line
were treated and germinated in the laboratory. These
were grown to full maturity and screened inside the
greenhouse. All plant introductions were grown and
released for breeder use 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.

   Rice Breeding Program
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Genetics for Rice Improvement
Project Leader: Thomas Tai, research geneticist
USDA-ARS Crops Pathology and Genetics Research Unit, Department of Plant Sciences, UC Davis

T

he overall goal of this project is to employ traditional and advanced genetic screens
to identify and characterize novel rice germplasm to advance the understanding of
agronomic performance and grain quality and for incorporation into breeding programs for
the California rice industry.
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 mutant phenotypes 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 involved in traits of
interest. These genes are used to screen populations
to identify mutated versions that may result in the
expression of novel traits.
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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) generated by traditional chemical mutagenesis.
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 2017 were:
•• Characterization of rice mutants identified by forward
and reverse genetic screens.
•• Confirmation and evaluation of additional mutants
identified by reverse genetic screens of genes
encoding proteins targeted by selected herbicides
and genes that control arsenic uptake and
accumulation.
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Work on this project was conducted in the USDAARS rice genetics lab, greenhouses, and other research
facilities at UC Davis. Research efforts were disrupted by
the required relocation of the rice genetics laboratory.
Consequently, some work was not completed and some
funding was rolled over to 2018. Research highlights
from 2017 work is summarized below.
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). Forward genetic screening using
germanium also resulted in the identification of several
mutant lines that are potentially altered in the ability to
take up silicon and arsenic.
In 2017, nine mutant lines carrying fixed mutations
in the genes targeted in this study were grown in the
field to provide tissue samples for analysis of silicon and
total arsenic (organic and inorganic arsenic) content.
Evaluation of these mutants using a germanium assay
revealed that two of three mutations detected in the
Lsi1 gene appeared to confer an increased tolerance to
germanium, suggesting these lines may have reduced
silicon and arsenic in their tissues. Nine lines carrying

mutations in Lsi2 and one carrying an OsABCC1 mutation
did not appear to be qualitatively different in response
to germanium when compared to wild-type Nipponbare
rice.
Preliminary elemental analysis of mutant lines grown
in the UC Davis rice field facility in 2017 will be conducted
in 2018 to determine the silicon and total arsenic content
in the aboveground tissues. Screening of another set of
2,048 mutants using the TILLING approach identified
a number of new mutations in several of the arsenic
uptake/accumulation genes. These mutations are in
various stages of confirmation and identification of fixed
mutant lines.
Microtubules are proteins that play an important
role in cell growth and development. The chemical
pendimethalin (active ingredient of the herbicide Prowl®)
inhibits microtubules by interacting with a component
called alpha-2 tubulin, which then disrupts cell division
and normal growth. Seven mutant lines harboring
different mutations in the gene encoding alpha-2 tubulin
were evaluated for their response to pendimethalin.
All the lines exhibited more sensitivity than the wild
type. This unexpected result is being investigated by
cooperators at UC Davis, who are examining the growth
and development of these mutants in more detail.
Mutants carrying mutations in other genes encoding
herbicide targets will be evaluated for their response to
various herbicides in 2018.
The TILLING screening work has concluded and
future efforts will focus on mutant trait evaluation and
generating specific mutations in genes of interest through
targeted mutagenesis by gene editing.

   Genetics for Rice Improvement

13

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

S

ixteen on-farm rice variety evaluation trials were conducted throughout the rice
growing regions of California in 2017 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.
Six similar tests were conducted at the RES in Biggs—two
from each maturity group. Average yields across varieties
and locations in the advanced-line tests ranged from
8,960 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 8,980 pounds/acre.
The 2017 season was unusual because a very wet spring
resulted in late planting and also warmer than average
temperatures. These factors, among others (i.e. higher
than normal pests and disease incidence and increased
lodging), resulted in lower yields than have been reported
in the past few years.
Several advanced lines in 2017 produced high yields
and demonstrated advances toward other important
breeding goals aside from yield, such as disease resistance,
grain quality, and specialty types. Testing advanced and
preliminary lines under a variety of conditions remains a
critical aspect of releasing varieties adapted to changing
cultural practices, markets, and pests.

Rice variety evaluations
Eight uniform, advanced breeding line trials and eight
preliminary breeding line trials were conducted throughout
the major rice producing areas of California. The RES rice
breeders conducted six additional tests—two from each of
the three maturity groups. Many of the experimental lines
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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. The following provides agronomic
performance summaries for these tests.

Very early maturity
Eight advanced breeding lines and nine commercial
varieties were compared in four very early advanced tests.
The preliminary tests evaluated five commercial varieties
and 29 preliminary lines evaluated in separate tests at each
location. Commercial varieties at each location included
S-102, CA-201, CH-202, CM-101, CM-203, M-104, M-105,
M-205, M-206, M-208, M-209, L-206, and L-207.
Grain yields in the advanced tests averaged 8,960
pounds/acres overall, 9,930 pounds/acre at RES, 9,320
pounds/acre at Sutter, 8,930 pounds/acre at Yolo, and
7,650 pounds/acre at south Yolo. The three highest yielding
entries on average were long grain L-207 (9,880 pounds/
acre), long grain line 14Y1006 (9,680 pounds/acre), and
advanced short grain line 10Y2043 (9,640 pounds/acre).
Top yielding commercial varieties included L-207,
CM-203, M-105, and M-206. Averaged across three
locations, yields for lines in the preliminary tests ranged
from 9,340 pounds/acre to 6,710 pounds/acre.
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Average grain moisture at harvest increased 0.2%,
lodging decreased 12%, while average number of days
to 50% heading decreased from 88 to 82 days compared
to 2016. Seedling vigor and plant height were essentially
the same as in 2016. Field preparation and planting
were delayed because of the wet spring. Harvest was
completed within the normal time frame. Yields were
down 13% from 2016.
Comparing commercial standard entries over a
five-year period and across locations, M-105, M-206,
and M-104 were the highest yielding varieties at 9,263
pounds/acre, 9,067 pounds/acre, and 8,907 pounds/
acre, respectively.

Early maturity
Nine advanced breeding lines and eight commercial
varieties were compared in four early advanced tests.
Preliminary tests included six commercial varieties and
32 preliminary lines evaluated in separate tests at each
location. Commercial varieties at each location included
S-102, CH-201, CH-202, CM-101, CM-203, M-104, M-105,
M-205, M-206, M-208, M-209, A-202, L-206, and L-207.
Yields in the advanced lines averaged 9,180 pounds/
acre overall, 10,660 pounds/acre at RES, 9,240 pounds/
acre at Butte, 8,230 pounds/acre at Colusa, and 8,580
pounds/acre at Yuba. Advanced long grain line 14Y1006
was the highest yielding entry (10,330 pounds/acre)
averaged over four locations in 2017. 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 M-209, L-206, M-206, M-105 and CH-202.
Average number of days to 50% heading was 80. The
commercial standard M-206 averaged 77 days over four
locations. The average yield of M-105 decreased 12.6%
compared to 2016. In the preliminary tests, CM-203
was the highest yielding commercial variety, with two
experimental lines yielding higher.
Over a five-year period and across locations, L-207
was the highest yielding commercial variety at 10,200

pounds/acre, followed by M-209 at 9,468 pounds/acre,
and L-206 at 9,415 pounds/acre.

Intermediate/late maturity
Four advanced experimental lines and eight commercial
varieties were compared in three intermediate/late
tests. Preliminary tests included four commercial
varieties and 18 preliminary lines evaluated in separate
tests at each location. Commercial varieties at each
location included S-102, M-104, M-105, M-205, M-206,
M-208, M-209, M-401, M-402, A-202, L-206, and L-207.
Yields in the advanced lines averaged 8,980 pounds/
acre overall, 10,450 pounds/acre at RES, 8,940 pounds/
acre at Butte, and and 7,550 pounds/acre at Glenn.
The 2017 advanced over-location yield decreased 210
pounds/acre (2.3%) compared to the 2016 season
average. The average yields at the Rice Experiment
Station decreased 460 pounds/acre, increased 200
pounds/acre at Butte, and decreased 1,310 pounds/acre
at Glenn. In the advanced tests, L-207 was the highest
yielding commercial variety (9,600 pounds/acre). L-206
and M-209 were the next highest yielding commercial
varieties. The long grain entry 14Y1006 was the highest
yielding advanced entry across locations at 10,050
pounds/acre.
Average number of days to 50% heading decreased
eight days compared to 2016. M-401 and M-402 were
the latest among the commercial varieties at 111 and 108
days, respectively. Over a five-year period and across
locations, L-206 is the highest yielding commercial
variety in this group at 9,407 pounds/acre, followed
closely by M-209 at 9,250 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.

   Rice Variety Trials
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Improving Fertilizer Guidelines
for a Changing Rice Climate
Project Leader: Bruce Linquist, UCCE specialist
Department of Plant Sciences, UC Davis

T

he goal of this project is to develop fertilizer management guidelines that are economically
viable and environmentally sound. Research objectives in 2017 were:
•• Determine the potassium status of rice soils.
•• Develop management practices for growing rice under alternating flooded/dry conditions.
•• Quantify rice yield variability in the Sacramento Valley.
•• Improve fertilizer nitrogen use efficiency.

Potassium status
The main focus of research in 2017 was to complete this
study by determining mineralogy of the soil and how that
relates to potassium fixation.
In 2012 and 2013, 55 rice fields were identified in the
Sacramento Valley for potassium status research. Samples
were taken from the soil, water, and rice flag leaves in all
fields and analyzed for potassium. In addition, growers
were asked about yields, straw management, and winter
flooding practices.
Soil potassium values ranged from 35 ppm to 350 ppm.
There was no relationship between soil potassium values
and the amount of potassium that had been added and
removed. Soil potassium values were lowest in the southeast
part of the valley, followed by the northeast and northwest.
Highest values were in the southwest. All fields below the
threshold of 60 ppm were on the east side.
When soil potassium values were below 60 ppm, half
the flag leaves sampled had values below the critical level
of 1.2%. Where soil potassium ranged between 60 ppm

and 120 ppm, eight flag leaf samples had potassium
levels below the critical range. Thus, potassium fertilizer
should be considered when soil potassium levels are below
120 ppm.
There was a significant difference in the concentration
of potassium in irrigation water. The Sacramento River had
the highest potassium values (1.18 ppm), while the Feather
River averaged 0.79 ppm. Well water had the highest
overall potassium concentration (2.3 ppm), but it was also
highly variable. Recycled irrigation water averaged 1.4 ppm
and also was variable.
Some soils low in available potassium were also
potassium fixers. That is, these soils could bind potassium
in forms that are not available to plants. They are located
mostly east of the Sacramento River and require a different
potassium fertilizer regime. Differences in potassium
fixation among soils is likely caused by differences in
soil mineralogy. Additional research will lead to refined
potassium fertilizer recommendations.
Setting up
equipment for a
trial on AWD in an
on-farm study
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Alternating wet/dry rice
Current water management practices keep most
California rice fields continuously flooded through the
majority of the 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. This practice goes by
the acronym AWD.
An ongoing study at the Rice Experiment Station has
been evaluating this practice. In all AWD treatments,
grain yields were the same as in the conventional waterseeded treatment. Similarly, the optimum nitrogen rate
required to achieve maximum yields was similar among
treatments. This research also showed that AWD reduces
greenhouse gas emissions by 57% or more and grain
arsenic by 50% (as well as methylmercury). “Safe” AWD,
which allows soils to dry for two days before reflooding,
reduced methane emissions by 40%.
While these results are encouraging, it is not clear
how easy this method would be to implement at the
field scale. This research suggests a field can be drained
without a yield penalty for up to 12 days, depending on
location and soil type.

Rice yield variability
California rice yields are among the highest in the
world. However, over the past 15 to 20 years, yields
have stagnated. The goal of this area of research is to
identify ways to further increase yields through improved
management.
Research has focused on finalizing a yield gap
assessment of U.S. rice systems and determining the
primary temperature stresses that impact rice yields
in California. Data have been compiled into a central
database and yield information linked to site-specific
daily climate and soils data. A procedure was developed
to calculate climate variables, such as average
temperature during flowering, that is specific to each
data point in the statewide variety trials.
A model (ORYZA) to estimate yield potential
produced the following results:
•• The current maximum yield potential in California
rice systems with modern medium grains is between
11,200 pounds/acre and 12,500 pounds/acre, while
the Southern U.S. generally has lower yield potential.
Actual statewide yields in California average between
7,700 to 8,600 pounds/acre. The yield gap—where
there is room for potential improvement—is in the
range of 1,000 pounds/acre to 1,500 pounds/acre in
California.

This research suggests a field can
be drained without a yield penalty
for up to 12 days, depending on
location and soil type.

•• The impact of cool stress during booting had the
largest impact on grain yield in the model—up to
2,500 pounds/acre. Cooling or heat stress during
flowering were found to have the next largest impact
on grain yield. Warmer seasonal temperature
minimums and maximums were found to have a much
smaller impact on yield—less than 400 pounds/acre.
•• Sensitivity to cooling and heating stress during
booting varied by grain type, with medium and short
grains being more resistant to cooling stress and
long grains being more sensitive. Sensitivity to cool
stress during flowering was similar among grain types.
Long grains were least sensitive to heat stress during
flowering compared to short and medium grains.

Midseason nitrogen status
The objective of this study was to examine the potential
of using remotely sensed data to determine the need for
a midseason top-dressed nitrogen application.
A handheld sensor was evaluated in multiple farmer
fields in 2015, 2016, and 2017 to improve the accuracy of
estimates. Additionally, a drone was incorporated into
the study. Nitrogen response trials were established in
three locations with seven nitrogen rates ranging from
zero to 250 pounds/acre. Data from the three years of
the study were compiled. The handheld sensor was not
a good predictor of biomass at panicle initiation and of
nitrogen concentration in the plant.
However, sensor readings did correlate well with
aboveground nitrogen content. Preliminary analysis
shows that if nitrogen uptake at panicle initiation is
120 pounds/acre to 130 pounds/acre, the Green Seeker
NDVI (normalized difference vegetation index) value
would be 0.75. An NDVI value lower than this indicates
the need for a top-dressed nitrogen fertilizer. Data from
this research is still being analyzed. However, given
these initial promising results, along with the increased
availability and use of remotely sensed data, further
research in this area is warranted in order to make these
tools more promising for growers.

    Improving Fertilizer Guidelines for a Changing Rice Climate
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Role of Nitrification in Rice Systems
to Support Nitrogen Use Efficiency
Project Leaders: William Horwath, professor, Department of Land, Air and Water Resources
Jorge Mazza Rodrigues, professor, Department of Land, Air and Water Resources

T

he 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.
Three experiments were conducted in 2017. 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, restrains the mobility of fertilizer nitrogen, and
decreases nitrogen use efficiency and 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. The three rice cultivars used
in the 2017 test were CM-101, M-206, and M-401. Fertilizer
was applied at recommended rates to dried soils collected
from RES. Rice was allowed to grow in a chamber to late
tillering stage. Soil samples were collected and analyzed.
The results generally support the assumption that
nitrification is important in California rice and the mobility

Results show a strong link between
nitrate assimilation and increased rice
yields through nitrification of nitrogen
fertilizer in the root zone.

18

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, resulting 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.
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. Two nitrogen
rates were applied at RES, and four rates were applied
at the other locations. 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.
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. These activities can have a
beneficial impact on rice yield and should be included in
evaluating the performance of new rice varieties.
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Evaluating Seaweed Extracts as
Biostimulants in California Rice
Project Leader: Luis Espino, farm advisor
UC Cooperative Extension Colusa, Glenn, and Yolo counties

I

n the past few years, pest control advisers and rice growers have expressed interest in
using seaweed derived products to improve crop performance and increase yield. University
research will help give the rice industry a better idea of the role these products can play in
rice production.

Trials conducted in prior years indicate that seaweed
derived products may be beneficial in rice production when
growing conditions are less than optimal because of biotic
or abiotic stress factors. The objective of this research
project is to evaluate commercially available seaweed
derived products marketed for rice production in California
under such conditions.
Products evaluated in 2017 in three field trials included
Acadian, Kelpak, SuperFifty, Triggrr, and HeadSet—
products that resulted in yield gains and disease reduction
in prior research. Field sites near Davis and Marysville were
selected because of a history of low yields attributed to
cooler temperatures during panicle initiation. A trial at
the Rice Experiment Station included application of three
of the products after application of the herbicide Shark®.
Treatments were applied with a pressurized backpack
sprayer, and all trials were harvested with a small-plot
combine.
In 2017, disease levels in the trials were low.
Nevertheless, aggregate sheath spot levels were
significantly reduced in two of the trials with Kelpak,
SuperFIfty, and HeadSet. Similarly, kernel smut levels were
reduced in one trial with Kelpak and Acadian.
Research has been conducted on seaweed derived
products for four years now. In several trials, weak trends

Caption or title?

Growers and PCAs who want to
include seaweed derived products
should test them over several years
to find the ones that provide the
most benefit.

to higher yields when using some of the products have
been observed. Significant yield increases were found in
only one trial in 2016. In two years, reductions in disease
levels were significant, but testing was done under low
disease pressure. Products did not respond consistently
across locations, with quite a bit of variability in their effect
on rice yield.
Overall, trial results suggest that seaweed derived
products may benefit rice production. Growers and PCAs
who want to include them in their programs should test
those products in their locations over several years to find
the ones that can provide the most benefit.

Mean yield (lb/a)

9,000

Herbicide
Untreated
Shark®

8,000

Yields in plots treated with
Shark® were intended to
gauge the ameliorating
effects of seaweed products.
However, the seaweed
untreated plots did not
respond as expected,
possibly due to issues with
herbicide application.

7,000

6,000

Acadian

Kelpak
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Error bars: +/- 1 SE
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Weed Management in Rice
Project Leader: Kassim Al-Khatib, professor and UCCE specialist
Weed Science Program, Department of Plant Sciences, UC Davis

T

he weed control 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.

Research in 2017 focused on the efficacy of new and
existing herbicides, alternative crop establishment
methods, and herbicide resistance strategies to deal with
this problem in California rice fields.

Herbicide programs
Herbicide research was conducted in continuous flood,
pinpoint flood, and drill-seeded rice at the Rice Experiment
Station. Several herbicide combinations delivered nearperfect weed control with great crop safety. Following are
highlights of this work.
Continuous flood systems promote the suppression
of weeds such as barnyardgrass, watergrass, and
sprangletop. Predominant weeds in the 2017 research
plots included late watergrass, ducksalad, and ricefield
bulrush, followed by barnyardgrass, monochoria, water
hyssop, redstem, and sprangletop. 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®. Butte® is a new addition
to the California rice herbicide portfolio. 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.
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Optimizing Butte® programs
Newly available 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.
However, there is a need to examine its use with other
herbicides to improve grass and broadleaf weed control.
Research on Butte® was conducted in several studies.
In the first study, Butte® was tested in a continuous
flood system at two rates—both alone and in combination
with other herbicides. Applied at day of seeding,
Butte® afforded excellent control of sedges, ducksalad,
monochoria, and sprangletop. Additionally, it provided
good control (90%) of watergrass and barnyardgrass and
fair control of redstem. Overall, Butte® alone provided a
broad spectrum of weed control and offered an exceptional
level of crop safety.
Butte® with other into-the-water herbicides such as
Cerano® or Granite® GR provided greater control of grass
species compared to Butte® alone. A follow-up application
of Clincher® or Regiment® at 1-tiller stage improved
barnyardgrass and watergrass control. A tank mix of Stam®
and Grandstand® or Granite® SC following Butte® provided
exceptional control of all weeds, including watergrass and
redstem.
In the second study, a single rate and timing of Butte®
was tested in a continuous flood system with a follow-up,
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UC Davis professor and
Cooperative Extension specialist
Kassim Al-Khatib (at left) provides
research updates to attendees of
the 2017 Rice Field Day.
into-the-water application of Granite® GR or a foliar
application of Granite® SC (with and without an additional
tank-mix application of Stam® and Grandstand®). Cerano®
and Granite® SC at 1-tiller stage (with and without the
tank-mix application of Stam® and Grandstand®) also was
evaluated.
Butte® followed by all timings and/or formulations of
Granite® provided excellent control of grasses, sedges,
and broadleaf weeds without the need for an additional
tank-mix application of Stam® and Grandstand®.
Cerano® with Butte® was as good as Butte® with
Granite® in controlling weeds. However, Cerano® or
Granite® applications caused some rice injury early in
the season, which mostly disappeared by 50 days after
seeding. In conclusion, Butte® followed by Granite®
herbicides offered a broad spectrum of weed control
and excellent crop safety in continuously flooded rice.
In a third study, Butte®, with a follow-up, tank-mix
application of Stam® and Grandstand®, or a tank-mix
application of Stam® and Londax® were both very
effective in controlling all weeds.
A fourth study compared the efficacy of weed control
between Butte® and League® MVP applied at 2-leaf
stage alone or followed by Regiment® applied at 1-tiller
stage of rice. Butte® alone provided at least 80% control
of late watergrass and barnyardgrass and excellent
control of other weed species. League® MVP alone was
better than Butte® alone in controlling late watergrass
and barnyardgrass. However, the control of most other
weeds except ricefield bulrush was similar. Overall,
control of weeds increased to at least 98% with the
follow-up application of Regiment® in both situations.

Shark® H2O for sedge control
A field study examined the efficacy of Shark® to control
smallflower umbrella sedge and ricefield bulrush.
Shark® can be a good option to control ALS inhibitor- or
propanil-resistant sedges and ALS resistant redstem.
Shark® H2O alone at 1 tiller provided more than
90% control of ricefield bulrush and smallflower
umbrella sedge. A tank-mix application of Grandstand®
and propanil at 1 tiller also provided more than 90%

control of late watergrass and barnyardgrass, more than
98% control of the sedges, and good control of other
broadleaf weeds. The inclusion of Cerano® or Granite®
GR significantly reduced early weed pressure, providing
superior weed control.

New adjuvants for weed control

The efficacy of four adjuvants applied with Regiment®,
Clincher®, and Stam® was studied in a continuous flood
system. Adjuvants included InterLock®, MasterLock®
and DownDwarf. Regiment® and Clincher® were tested
in standalone applications, while Stam® was applied
following Cerano® at day of seeding.
Two of the Stam® applications provided more than
90% control of sedges and major broadleaf weeds. In
the application with DownDwarf, control was less than
70%. The Regiment® application, regardless of the
adjuvant included, provided excellent control of all weed
species except sprangletop.
A second study in a pinpoint system examined two
experimental adjuvants—OR 108G and OR 009—with
Granite® SC and with Clincher® CA, as well as in a
tank mix of Abolish® and Regiment®. Granite® SC and
Clincher® with the adjuvants provided more than 90%
control of grasses, sedges, and broadleaf weeds (except
redstem~25%). Applications of herbicides with higher
rates of these adjuvants provided slightly higher control
(above 95%). The tank mix of Abolish® and Regiment®
provided good overall control (85%)—including
redstem. However, barnyardgrass and late watergrass
control was not as good.

Herbicide research
Nine separate studies evaluated different formulations
and new active ingredients in continuously flooded rice
systems.

Evaluation of ROXY™
The Rice Experiment Station discovered a trait (Roxy™)
that provides resistance to the herbicide oxyfluorfen.
An experimental line containing the Roxy™ trait was
evaluated in 2017 for its crop performance and tolerance
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when exposed to oxyfluorfen (Goal® 2XL) alone and in
combination with other herbicides. This herbicide has the
same mode of action as Shark® H20 and has good activity
on a broad spectrum of broadleaf, grass, and sedge weeds.
Testing with Goal® 2XL applied preflood took place
in a continuously flooded system. The experimental line
showed minimal injury early in the season. The standalone
application provided excellent control of broadleaf weeds
such as ducksalad, monochoria, redstem, and water
hyssop. Control of late watergrass and barnyardgrass was
at least 90%. Control of smallflower umbrella sedge was
excellent. Control of ricefield bulrush was fair. Overall,
Goal® 2XL provided a broad spectrum of weed control and
offered an exceptional level of crop safety.
Inclusion of into-the-water herbicides such as Bolero®,
Butte®, Cerano®, and Granite® GR increased control of
grasses and ricefield bulrush to more than 98%. Similarly,
an early follow-up application of Clincher® improved
grass control to more than 99%. Regiment® or Granite®
SC applied at 1 tiller improved control of both grasses
and ricefield bulrush to more than 99%. A late tank-mix
application of Stam® and Grandstand® or RiceEdge®
following the preflood application of Goal® 2XL provided
excellent control of all major weeds.
This research suggests that the majority of initial flush
weeds early in the growing season can be controlled
with Goal® 2XL alone without causing significant injury to
rice containing the ROXY™ trait. Preliminary results are
encouraging. This new approach should fit well into various
weed control programs and should prove cost effective.

NAI-1777 control and safety
NAI-1777 is a granular formulation of pyraclonil, which is
currently under development by Nichino America Inc. This
herbicide has a similar mode of action as Shark® H2O.
In 2017 this experimental herbicide was evaluated

alone and in combination with other herbicides, including
Cerano®, Butte®, or Bolero®, followed by propanil.
Two other combinations included NAI-1777 followed by
Regiment® or Strada®.
All NAI-1777 programs were exceptionally effective in
controlling weeds. However, NAI-1777 in combination with
Bolero® reduced rice stands as much as 30% and resulted
in 40% stunting 60 days after seeding. Any rice injury with
the other programs recovered by 60 days after seeding.
Ten different formulations of this compound were
evaluated. Two can be used effectively in California rice.
In summary, NA-1777 is a promising tool for controlling a
variety of herbicide resistant weeds.

Rinskor™
Rinskor™ is a new Dow Chemical Co. active ingredient
related to triclopyr (Grandstand®) to control ricefield
bulrush and redstem. However, Rinskor™ has broadspectrum control that includes grasses, sedges, and
broadleaf weeds.
In three field studies, Rinksor™ demonstrated excellent
safety on rice with good control of watergrass, sedges,
and broadleaf weeds. It is weak on sprangletop. Work on
Rinksor™ will continue to improve efficacy and to examine
granular formulations that will meet California’s needs.
Dow aims to have this product available for California rice
producers in the next several years.
TVE29
TVE29 is a new, low rate herbicide with a novel mode
of action that could be extremely helpful in managing
resistant grasses. A crop safety field experiment examined
TVE29 applied alone and in combination with other
herbicides at different rates and timing. It demonstrated
excellent crop safety and outstanding grass control.
Evaluation of this active ingredient in different formulations
will continue.
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®. One formulation was slightly better
than Cerano®.

Developing management alternatives
Drill-seeded rice systems offer flexibility for herbicide use
when proximity to nontarget sensitive crops restricts aerial
applications. However, this system may affect the relative
emergence of rice and weeds. Use of a nonselective
herbicide such as glyphosate may be more economically
feasible in these systems.
A field study using glyphosate alone and in combination
with other herbicides was conducted with rice planted
at three depths. As expected, weeds adapted to dryland
seedbeds such as barnyardgrass, sprangletop, watergrass,
and smallflower umbrella sedge were better established,
whereas aquatic weeds such as ricefield bulrush,
ducksalad, and redstem were almost eliminated.
Soil type and rice variety may affect seedling
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Greenhouse
testing for
herbicide
resistance

emergence. Therefore, greenhouse research is underway
to help identify rice varieties that are a good fit for deep
planting in order to take advantage of differential weed
and rice emergence.
Sprangletop is a major weed problem in some
California rice fields. In the past, sprangletop was
controlled by elevating field water depth. Recently,
however, there have been reports of sprangletop emerging
from deep water.
In 2017, a field study was conducted to study
sprangletop emergence from water depths of 2, 4 and 8
inches. Clomazone resistant and susceptible sprangletop
populations were planted at each depth. Neither of the
two populations emerged from water depth of 8 inches.
Clomazone susceptible populations did not emerge from
a 4-inch water depth. However, clomazone resistant
populations were able to emerge from a 4-inch water
depth. At 2 inches both populations were able to emerge,
but growth and seed production were more robust in the
clomazone resistant population.

Smallflower umbrella sedge resistance
Smallflower umbrella sedge is a major weed in California
rice. Historically, it was controlled with ALS inhibitors.
However, extensive use of these herbicides led to
development of resistance.
A study in 2017 surveyed more than 60 rice fields for
ALS resistance. All populations were treated with four ALS
inhibitors that belong to different chemistries. The study
showed widespread ALS resistance in California rice fields,
although the pattern of resistance varied. Research is
underway to study the mechanisms of resistance.

Rice field survey
Bearded sprangletop seeds were collected from 32
rice fields and germinated in a greenhouse. Seedlings
were tested for clomazone resistance. Four populations
showed resistance to clomazone. However, the resistant
plants were suppressed with clomazone but not killed.
This response suggests that metabolic resistance may
be at work. Research is underway to define the level of
resistance, competitiveness of resistant populations, and
mode of resistance in order to prevent further development
of resistance and to manage clomazone resistance.

Resistance diagnostics and detection
Greenhouse testing of suspected herbicide resistant weeds
was conducted on more than 120 samples from 2016.
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 show 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. This approach
has been well received. For 2017, more than 230 samples
were received, a significantly higher amount than the
previous year and six times the number of samples received
in 2014.
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Weedy Red Rice Control
Project Leader: Whitney Brim-DeForest, farm advisor
UC Cooperative Extension Sutter, Yuba, Placer, and Sacramento counties

S

ince 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 the season, five distinct
populations had been identified on more than 10,000 acres in every rice growing area except
Sacramento County.

The team conducted an informal, anonymous survey
of 160 growers and pest control advisers during five
2017 winter meetings in Butte, Glenn, Colusa, and Sutter
counties. About 40% of the respondents suspected that a
field had been infested, while 57% indicated that they had
seen weedy red rice but did not report the infestation. The
survey results indicate that the number of infested fields is
likely higher than reported in 2016.
Surveys and submissions continued through December
2017. From 53 samples submitted for testing, 22 were
confirmed weedy red rice while 31 were not weedy red rice.

The movement and sharing of
seeds between growers, between
counties, and rice seed imports
into California should be closely
monitored to prevent the spread of
weedy red rice.
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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.
Soil sampling and nine grower interviews were
conducted in the fall of 2016. 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. Once data from 2017 has
been analyzed, the rice team will advise growers on best
practices to reduce weedy red rice seeds in the soil bank.

Genetic study
Genotyping of 2016 weedy red rice samples and those
collected previously is ongoing. The goal is to create a
genome-wide survey of the DNA profile for each weedy
red rice population or “ecotype.” Plants have been grown
in a UC Davis greenhouse and then characterized for
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Weedy red rice characteristics and control
California weedy red rice collections were evaluated on the basis of 14 morphological traits. Significant differences
were observed between rice varieties and the five ecotypes—pubescence, hull, bran auricles, node colors, and
plant height. Significant differences were also noted in physiological traits—chlorophyll content, heading date,
seed shattering, and dormancy. All ecotypes have red pericarp and pubescent leaves that are pale green, an
indication of lower chlorophyll content. All are taller than cultivated rice. Flowering time also is varied.
Weedy red rice types exhibit high degrees of shattering and dormancy. The variation in the physiological
characteristics of these weedy red rice ecotypes has significant implications for management. If allowed to shatter
onto the soil surface and tilled under, the seeds can remain viable for many years. Studies in the South have shown
that may be as long as 10 years. Further research on dormancy and shattering is planned.
To expand current knowledge of weedy red rice ecology, a greenhouse study was begun in summer 2017 focusing
on competition with M-206. Herbicide susceptibility experiments also were begun in 2017. There was no effect of
any of the pre-emergent herbicides on any of the weedy red rice ecotypes. In post-emergent granular herbicide
testing, Bolero® had some effect on four of the five ecotypes. In post-emergent foliar herbicide testing, Goal® 2XL
(oxyfluorfen) provided complete control of four of the five ecotypes. In spot-spraying foliar herbicide testing,
clethodim, paraquat, and glufosinate provided complete control of all weedy red rice types.
Initial research on weedy red rice provides a strong foundation from which to continue research and extension
work on this important pest of California rice.
morphological and physiological attributes to assist in
early differentiation between weedy red rice and cultivated
rice varieties. Seed shattering and dormancy also were
analyzed.
From this study, at least five genetically distinct
ecotypes of weedy rice have been identified. Four of these
ecotypes are related to weedy red rice from the South.
These findings support earlier reports of weedy red rice
introduction to California by contamination of imported
seeds from the South. The introduced weedy red rice likely
became adapted to California and became genetically
distinct from Southern weedy red rice. The phenotypic

variability of the fifth ecotype suggests possible outcrosses
or natural hybridization of existing weedy red rice with
cultivated California varieties.
Overall, the diversity of California weedy red rice
ecotypes reflects multiple possible origins, thus indicating
the complexity of control measures to implement. The
movement and sharing of seeds between growers, between
counties, and rice seed imports into California should be
monitored closely to prevent the spread of weedy red rice.
Strict implementation of “certified seed only” usage should
be practiced to avoid further hybridization of weedy red
rice with cultivated California varieties.

Teresa DeLeon, a UC
Davis postdoctoral
researcher, points
out weedy red rice
characteristics at the
2017 Rice Field Day.
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Spot Spraying of Rice Weeds from
Remotely Piloted Aircraft

T

Project Leader: Ken Giles, professor
Department of Biological and Agricultural Engineering, UC Davis
he objective of this new project is to assess the performance and feasibility of using
remotely piloted aircraft—drones—to treat patches of weeds with herbicides.

Global Positioning System (GPS) technology provides
the capability to map target weed patches down to the
centimeter. Coupled with remotely piloted aircraft, this
strategy seeks to test the spot application of control
materials with extraordinary accuracy.
Research was conducted at the Rice Experiment Station
in September 2017. Weedy red rice was not present in
these initial experiments.
The research focused on the physical process of treating
small patches of weeds. Simulated target maps were used
to guide a DJI Agras MG-1 S multi-rotor drone helicopter
fitted with a spray system for spot treatment. Delays in
obtaining regulatory approval for chemical dispersion
necessitated the application of water onto watersensitive paper for visual assessment of spray deposition
performance.

The feasibility results from 2017 testing were extremely
positive. The MG-1S, fitted with GPS and operated from a
base station, successfully hit a number of target locations
in rice plots. This exercise simulated mapped weed
locations, such as would be the case with a weedy red rice
infestation.
The aircraft was fitted with four flat-fan nozzles, each
under a rotor. A 36-inch “bull’s-eye” target was fabricated
to secure the water-sensitive paper for recording spray
deposition and positioned at the center of the mapped
target location. Results were consistently encouraging. The
pilot was successful in positioning the aircraft and spraying
the target with good deposition across the target area.
Another remotely operated aircraft, Yamaha’s RMAX,
holds potential for broadcast applications, not precision
spraying. Other manufacturers are developing similar spray
system products.
The success of this initial experiment demonstrates
the potential for a new, flexible, and low cost method of
controlling patchy weeds (as well as insect and disease
pests) in rice fields. Efficacy and drift studies are planned
for 2018.

Results were consistently
encouraging. The pilot was
successful in positioning the aircraft
and spraying the target with good
deposition across the target area.
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Rice Disease Research and Management
Project Leader: Luis Espino, farm advisor
UC Cooperative Extension Colusa, Glenn, and Yolo counties

R

ice diseases have long been a concern to the California rice industry. A renewed effort
to enhance fungicidal control of rice diseases, particularly stem rot and aggregate sheath
spot, began in 2017. In addition, research into kernel smut was initiated. Kernel smut is now
widespread throughout the Sacramento Valley and seems to be more prevalent in warmer
areas. Concern about kernel smut has increased as more grower fields have become infected.
The research objectives for 2017 were to evaluate the timing
and potential of fungicide applications for aggregate sheath
spot, stem rot, and kernel smut management; to determine
the effect of kernel smut on the yield and quality of rice;
and to explore the distribution of kernel smut in the rice
producing areas of California.

Fungicide trials

The fungicide azoxystrobin (Quadris®) has been used in
California rice since blast disease was identified in 1999. Its
efficacy on blast—and aggregate sheath spot—has been
well established, but positive results in controlling stem
rot with Quadris® were not obtained until trials in 2012 and
2013.
In 2017, 11 fungicide trials were conducted in three
commercial fields located near Maxwell, Colusa, and
Williams, as well as at the Rice Experiment Station. In these
trials, stem rot and aggregate sheath spot were present
at various levels, with stem rot being the most prevalent.
Kernel smut was not found in any of these trials.
One set of trials compared Quadris®, Sercadis®,
and Amistar Top®. Other trials compared the two new
fungicides, Sonata® and Sercadis®, at different rates and
timings.
Application of Quadris® at maximum label rates during
the heading stage of rice resulted in significant reductions
in stem rot incidence and severity (82% in one trial).
However, earlier applications (45 days after seeding) were
not effective at controlling stem rot incidence or severity.
Cover XL, a generic azoxystrobin, worked well in
reducing stem rot and aggregate sheath spot levels,
resulting in a yield advantage of 600 pounds/acre over the
untreated.
Amistar Top®, a mix of azoxystrobin and difenoconazole,
was marginally effective against stem rot. It did, however,
significantly reduce stem rot incidence and severity in one
trial. It also reduced incidence and severity of aggregate
sheath spot in another trial.
The fungicide Sercadis® was not effective against stem
rot or aggregate sheath spot. Testing of Sercadis® under
higher aggregate sheath spot pressure may show different
results.
The microbial fungicides Serenade® and Sonata® did not
reduce disease levels.

A stem rot
infected
rice tiller
Yield increase due to disease control in the trials ranged
from 250 to 700 pounds/acre. Milling quality was affected
by Quadris® applied at heading in two trials, Amistar Top®
in one trial, and Sercadis® in the RES trial. The reason for
the increased milling yield in the Sercadis® trial is not clear.
Overall, effects on milling quality were small.
The compiled data shows that for every one-unit increase
in stem rot severity (measured on a scale of 0 to 4), yields
could be reduced by 3%. Milling yield and head rice yield
also can be reduced by stem rot. Each unit increase in stem
rot severity decreased milling and head rice yield by 0.7%
and 2%, respectively.
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Kernel smut
Kernel smut is not a new disease in California. It has been
present in rice production areas since the early 1990s. For
the past decade or so its presence has been considered
more of a nuisance, with no reports of problem fields. In
2015, however, instances of higher than usual kernel smut
infections were reported. Since then, the incidence of
kernel smut seems to be increasing.
A 2014 survey found kernel smut in all rice producing
areas except for Sacramento County. It was found more
frequently in Butte, Yuba, and Colusa counties. In 2016 and
2017, many instances of severe kernel smut problems were
reported. In two of the 2017 statewide variety trials, kernel
smut was present at high levels.
For this project, three fields affected by kernel smut
were selected for sampling. Two fields planted with M-105
and M-209 were in Glenn County. One field planted with
M-206 was in Colusa County. In each field, 30 one-squarefoot quadrants were hand harvested. In each quadrant,
three samples of 10 tillers were randomly selected and
inspected for kernel smut.
The M-105 and M-206 fields had similar levels of kernel
smut. The M-209 field had much higher levels. In all three
fields, kernel smut was easily noticeable. Incidence was
determined as the proportion of panicles infected with
kernel smut per sample. Severity was calculated as the
average number of smutted kernels per panicle or per
infected panicle.
Determining the incidence in the field was quick.
Counting the number of infected kernels was time
consuming. However, there is a significant statistical
relationship between the proportion of infected panicles in
a sample and the average number of infected kernels per
panicle or per infected panicle. The relationship between
the proportion of infected panicles and smutted kernels
per panicle was stronger. Therefore, determining the
proportion of infected panicles would give a good measure
of the severity of kernel smut in a sample. Field evaluation
of the proportion of panicles infected could be used to
quickly evaluate the level of kernel smut in a field.

Since high levels of nitrogen can
produce high yields, these fields
may also have higher levels of
kernel smut (pictured above).
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The effect of kernel smut on yield is not expected to be
significant. In fact, anecdotal experience indicates that
high levels of kernel smut are related to high yields. High
levels of nitrogen increase the incidence and severity of
kernel smut. Since high levels of nitrogen can produce high
yields, these fields may also have higher levels of kernel
smut.
Results indicate kernel smut can have a negative effect
on milling yield. Reductions in milling yield of M-206 and
M-209 ranged from 0.15 to 0.4 points for each 0.1-point
increase in the proportion of infected panicles. Head rice
yield was not significantly affected by kernel smut.
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Protection of Rice from
Invertebrate Pests
Project Leaders: Luis Espino, farm advisor
UC Cooperative Extension Colusa, Glenn, and Yolo counties
Larry Godfrey, UC Cooperative Extension entomologist
Department of Entomology and Nematology, UC Davis

T

his project focuses on the biology and management of invertebrate pests of California
rice. The main pests studied in 2017 were rice water weevil, tadpole shrimp, armyworms,
and stink bugs. The goal is to refine and advance cost-effective integrated pest management
practices that protect the rice agroecosystem.
active ingredients were examined in 16 treatments in
ring plots.
These tests showed that Warrior®, Mustang®, Belay®,
and Coragen® can provide good control. The best timing
for control with pyrethroids is preflood or postflood, while
Belay® only gave good control postflood. Coragen® is only
registered for preflood applications and worked well at
the recommended rate. Belay® also provided good control
when applied at the 5-leaf stage as a “rescue treatment”
when an infestation had been identified and the optimal
application time had already passed.

Rice water weevil
Rice water weevil (RWW) has been in California
for nearly 60 years and has been the subject of
considerable research. In recent years RWW populations
have been in decline. The reason for this decline is
unknown, but the use of pyrethroid insecticides,
changes in straw management, or the drought may help
explain it.
A light trap at the Rice Experiment Station monitors
the number of adult RWW adults in flight from midMarch until mid-June. Two peaks occurred in 2017—
early May and late June. These peaks coincide with
adult flight as RWW leave overwintering sites early in
the spring and the flight of the first generation of weevils
emerging from rice.
Studies of insecticidal management of rice water
weevil typically take place in aluminum ring plots, small
field plots, and greenhouses to evaluate experimental
insecticides and registered standards. In 2017, eight

Variety susceptibility
Host plant resistance is an important part of integrated
pest management programs. As new varieties are
developed and production practices improve, rice plants
are becoming more vigorous and higher yielding. This may
also influence pest interactions and rice plant response.
In 2017, varietal comparisons of the susceptibility of
rice to RWW injury showed L-206 to be the most tolerant.
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Levee plots
where tadpole
shrimp insecticide
screening was
conducted
L-206 showed less adult feeding and resulted in less
yield loss when infested with the same level of rice
water weevil as M-206 or M-209. Tillering is the plant
characteristic most affected by heavy weevil infestations.

Tadpole shrimp
Tadpole shrimp are a component of aquatic ecosystems
worldwide, including freshwater, brackish, and saline
waters. This organism is considered a living fossil, as it
has not changed morphologically for 250 million years.
The genera Triops is a pest of rice because it can feed on
germinating seedlings and its burrowing behavior uproots
seeds and small seedlings. Most pyrethroid applications
during the seedling stage of development target this
pest. There have been confirmed reports of increased

tolerance of tadpole shrimp to pyrethroid insecticides, so
new tools for control are necessary.
In 2017, field studies on tadpole shrimp control were
conducted in ring and leveed plots. With the exception of
Aza-Direct®, all treatments significantly reduced tadpole
shrimp density when compared to the controls. Postflood
applications of Dimilin®, Warrior®, Sevin®, Coragen®, or
Belay® were effective at controlling naturally occurring
tadpole shrimp.
It is worth noting that the size of tadpole shrimp being
targeted is very small. After a field is flooded, eggs hydrate
and in a day or two the first instar develops. The tadpole
shrimp in these plots were small at time of application,
which facilitated control. Once the tadpole shrimp got to a
shell length of about a quarter inch, control with Dimilin®,
an insect growth regulator, was slower and took up to
three days.
The predatory capacity of mosquito fish and aquatic
beetles against tadpole shrimp was confirmed. The
practical use of these predators is uncertain, as the
number of mosquito fish needed and the timing of
their introduction could prove challenging. Predacious
beetles are not easy to collect, and the number needed
for effective control may also be impractical. However,
these results highlight the importance of protecting other
organisms present in rice fields early in the season.

Armyworms
A germinating
rice seed (above)
damaged by
tadpole shrimp
(below)
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Armyworms were a serious problem for rice growers in
2015 and 2016, especially in Glenn, Butte, and Sutter
counties. A survey of growers and pest control advisers
found that average yield losses in 2015 ranged from 4% to
12%—even after two pyrethroid applications.
Intrepid® belongs to the diacylhydrazine class of
insecticides and has a novel mode of action that mimics a
molting hormone. It was used on about 40,000 acres in
2017. Yield losses due to armyworms in fields treated with
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Intrepid® were 29% lower in 2016 and 64% lower in 2017
than in pyrethroid treated fields.
Pheromone traps were used again last season to
monitor armyworm moth activity from planting to
harvest. Monitoring took place at eight locations in
rice production areas. The traps showed that a peak
of armyworm moth activity occurred in mid-June
and in early July. During August, another time when
armyworms are seen in the field, moth activity did
not peak and outbreaks did not occur. This type of
information can help growers and pest control advisers
monitor and manage their fields more effectively. The
traps also showed that the true armyworm was more
prevalent than the western yellowstriped armyworm.

Nontarget studies
Evaluation of the influence of registered and
experimental insecticides on populations of nontarget
aquatic invertebrates is a continuing focus of research.
Insecticides included in this work included Belay®,
Coragen®, and Warrior® applied preflood at the 3-leaf
stage of rice. Warrior® was also applied mid-July for
armyworm control.
Two weeks after the application of preflood
treatments, the number of aquatic insects in untreated
plots was similar to the number of aquatic insects on
plots treated with Belay®. Plots treated with Warrior®
and Coragen® had significantly fewer insects than the
control. At five weeks and later, all treatments were
similar to the untreated.
Effects on the density of nontarget organisms were
observed after insecticide applications, mostly on

While stink bugs are not considered
a pest of rice in California, growers
and pest control advisers should
remain vigilant and report any
unusual stink bug activity.

invertebrates other than insects. The effect of Warrior®,
Belay®, and Coragen® on insects when applied preflood
or at the 3-leaf stage of rice was minimal. Density
of invertebrates other than insects was significantly
reduced for several weeks after preflood applications,
but the differences with untreated plots were small.

Stink bugs
Research conducted by this project in the past has
shown that several native stink bugs can cause peck in
rice. Peck is a kernel discoloration that forms as a result
of stink bug feeding.
In 2017, panicles were placed in cages with
redshouldered, conchuela, southern green, and
consperse stink bugs, resulting in peck levels that
ranged from 1.5% to 3.9%. While stink bugs are not
considered a pest of rice in California, growers and pest
control advisers should remain vigilant and report any
unusual stink bug activity.

A message from the invertebrate pests project team
In 2017, the entomology rice project lost its longtime leader, Larry Godfrey. Larry served the industry well
during his years working on rice. His work resulted in the registration of almost all of the insecticides
currently available for use on rice. Larry was a great researcher and is dearly missed. His staff research
associate, Kevin Godin, kept the project going and did all the work presented in this report with the help
of Larry’s graduate student Joanna Bloese.
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Environmental Fate of Rice Pesticides
Project Leader: Ronald Tjeerdema, professor and associate dean
Department of Environmental Toxicology, College of Agricultural and Environmental Sciences, UC Davis

T

he 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.

Research in 2017 focused on three main areas: the active
ingredient in the herbicide Butte® (benzobicyclon hydrolysate
or “BH”); the insecticide Coragen® (chlorantraniliprole); and
modeling of the herbicide thiobencarb (Abolish® or Bolero®)
leaving rice fields during drought years.

Butte®
Recently approved for use in California rice fields by the
U.S. Environmental Protection Agency (EPA), Butte® kills
previously resistant weeds through the formation of the
herbicide’s active ingredient, benzobicyclon hydrolysate.
BH works through a new mode of action not previously
used on California rice fields.
EPA has advised that a granular form of Butte® can be
applied to 10% of California rice. Based on registration
information and estimated physiochemical properties, EPA
also recommends floodwater treated with Butte® be held in
the field for 20 days prior to release into the Colusa Basin
Drain (and ultimately the Sacramento River). The current
Butte® label suggests a hold time of zero to five days.
However, depending on when a field is drained, BH could
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be released into the Sacramento River before it is able to
dissipate in the field.
Previous studies have experimentally characterized
BH hydrolysis and behavior in soil, which indicate a
significant portion of BH will remain in the aquatic
fraction of a flooded rice field. Research in 2017 focused
on photodegradation of BH in high-purity water, as well
as filtered rice field water and Sacramento River water in
both simulated and natural sunlight. Photolysis of Butte®
in rice field water occurred rapidly and was enhanced by
dissolved organic carbon.
Modeling of the 20-day water holding period with
experimental data corresponded well with the EPA
recommendation. Based on the model results, long term
toxicity may be an issue for BH and its parent in rice field
soil, as soil dissipation of both compounds is slow.

Coragen®

Coragen® was registered by the U.S. EPA for agricultural
use in 2008 and by the California Environmental Protection
Agency in 2016.
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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. Thus, the
environmental fate of chlorantraniliprole under California
rice field conditions needs study to ensure water quality for
both humans and endemic species in the environment.
Research in 2017 focused on characterizing the
primary processes driving chlorantraniliprole water, soil
and air partitioning under simulated California rice field
conditions. Soil for this study was collected from three rice
fields in the Sacramento Valley near Davis and Richvale.
Results showed that volatilization is not expected
to be a significant contributor to field dissipation
of chlorantraniliprole. Furthermore, soil–water
partitioning experiments showed that the sorption of
chlorantraniliprole to soils is a weak and reversible process
affected by environmental factors such as temperature,
salinity, and soil properties. Modeling suggests that
chlorantraniliprole could mobilize into the Sacramento
River with rice field tailwater.

Thiobencarb modeling

Thiobencarb, the active ingredient in Abolish® and
Bolero®, is a systemic pre-emergence carbamate herbicide
used to control annual grasses and broadleaf weeds.
Approximately 84,000 acres of rice were treated with
thiobencarb in California during 2013.
Abolish®, an emulsifiable herbicide, can be applied
directly to soil both preflood and after draining. Bolero®,

Thiobencarb has been detected in
the Sacramento River, requiring
that the environmental fate and
regulations associated with
thiobencarb be revisited.

a granular herbicide, is applied to field water postflood.
Water holding times are 30 days for Bolero® and 19 days
for Abolish®. However, even with these holding times,
thiobencarb has been detected in the Sacramento River,
requiring that the environmental fate and regulations
associated with thiobencarb be revisited.
Thiobencarb has moderate water solubility and is
acutely toxic to aquatic organisms. It has been shown to
bioconcentrate in some species of fish, clams, and shrimp.
Thiobencarb is likely to adsorb to soils or remain partially
in the aqueous phase, depending on the soil properties at
the site of application.
In 2016 a model was developed that is capable of
predicting thiobencarb concentrations downstream from
rice fields based on application practices and water flow.
The model fits well for the Colusa Basin drain. Further
validation or extension of the model’s application would
first require additional monitoring data at additional
locations under varying water flow conditions.
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Understanding the Effects of
Rice Herbicide Drift on Walnuts
Project Leader: Brad Hanson, UCCE specialist
Department of Plant Sciences, UC Davis

T

he overall objective of this project is to determine the effects of rice herbicide drift on
walnut growth, yield, and development. This issue has become more widespread as walnut
acreage has increased in the Sacramento Valley and as new, low use-rate rice herbicides enter
the market. Specific objectives for 2017 included:
•• Evaluate symptoms and growth effects of simulated herbicide drift on young walnut trees.
•• Compare symptoms and growth response of young walnuts exposed to single or multiple
exposures of simulated herbicide drift.
•• Evaluate the effects of simulated herbicide drift on walnut quality and yield.
•• Determine the effect of herbicide droplet application on walnut leaves and flower buds.
•• Determine the persistence of bispyribac-sodium residue in walnut leaves and the
minimum herbicide concentration required to cause visible injury to walnut leaves.
To meet these objectives, four field studies were
conducted, and the last harvest data from two more field
studies were collected. This completes the multiyear
research project.

Simulating herbicide drift
Field studies to simulate herbicide drift in an experimental
walnut orchard were first conducted in 2015. Validation
experiments took place in June 2016 in another block of
walnuts. This work wrapped up in 2017.
The herbicides tested included bispyribac-sodium
(Regiment®), bensulfuron-methyl (Londax®), and propanil
(Superwham®) applied at four rates resembling plausible
drift (0.5%, 1%, 3%, and 10% of product use rate). These

This research shows that
bispyribac-sodium drift has the
potential to be an issue for walnut
orchards in the Sacramento Valley…
However, it is unlikely that in a field
situation bispyribac-sodium would
drift at high enough levels to cause
significant yield and quality effects.
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are among the three most commonly used rice herbicides
in the Sacramento Valley.
Injury estimates and growth parameters were collected
one, two, three, four, and eight weeks after herbicide
application. Prior to treatment application, three actively
growing shoots per tree were marked and the number of
leaves counted. Leaf counts were made again at four, eight,
and 12 weeks after treatment. In October 2016, yield was
harvested from trees treated in 2015. In October 2017, yield
was collected from trees treated in 2016.
Bispyribac-sodium and bensulfuron-methyl showed
more phytotoxic activity than propanil and may damage
nearby walnut orchards if they drift in significant amounts.
In addition, while no yield effect was observed for any of
the herbicides tested, the results showed that bispyribacsodium has the potential to affect walnut kernel color the
year of drift exposure and walnut yield the year following
drift exposure.

Evaluating damage potential
Once bispyribac-sodium was identified as the rice
herbicide with higher impact potential on walnuts, the
next phase of the research was to evaluate in more detail
the effect and damage potential. Because the majority of
rice grown in the Sacramento Valley is sprayed within a
relatively short period, it is possible that a walnut orchard
could be exposed to multiple drift events in one season.
Bispyribac-sodium was applied four times at weekly
intervals with 0.5% and 3% of normal use rate in rice. In
general, while trees exposed to the lower rate appeared
to recover, branches of trees exposed to the 3% rate had

The 49th Annual Report to the California Rice Growers

fewer internodes than untreated trees at the end of the
growing season. The symptoms observed, however,
did not result in measurable yield reduction either the
year of drift exposure or the following year. Both rates
negatively affected walnut kernel color in the year of
drift exposure. It wasn’t clear whether this was a direct
result of the herbicide or whether it was a stress induced
response.
An additional study was established to evaluate the
direct impact of bispyribac-sodium droplets on walnut
leaves, axillary buds, and fruit. Results showed that
bispyribac-sodium droplets at high enough concentration
on axillary buds may affect shoot emergence and growth
in the following season. Furthermore, bispyribac-sodium
droplets caused actively growing walnut fruit to drop.

Assessing detectable residues
While other common herbicide residues are often
found in walnut leaf tissues, analyses of walnut leaf
samples with ALS inhibitor symptoms do not usually

find detectable levels of bispyribac-sodium. Therefore, a
study was established to determine if bispyribac-sodium
can generate visual symptoms without leaving detectable
residues on walnut leaf tissue and whether there is a
correlation between yield and bispyribac-sodium residues
in leaf tissue.
Analytical results from symptomatic leaves showed that
at low rates (1% or less than the use rate for rice) bispyribacsodium can generate visual symptoms without leaving
detectable levels of chemical residues in the leaf tissue. In
general, symptoms may remain constant over time or even
worsen while bispyribac-sodium residues decrease and
eventually are not detectable. No correlation between yield
and chemical residues in walnut leaves was found.
In summary, this research shows that bispyribac-sodium
drift has the potential to be an issue for walnut orchards
in the Sacramento Valley. Considering that downwind drift
deposits generally range from 1% to 8%, however, it is
unlikely that in a field situation bispyribac-sodium would
drift at high enough levels to cause significant yield and
quality effects.
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Mercury in California Rice Systems
Project Leader: Bruce Linquist, UCCE specialist
Department of Plant Sciences, UC Davis

T

he overall goal of this project is to determine whether methylmercury 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.
Mercury is naturally present in some soils of the
Sacramento Valley. Under flooded conditions in California
rice fields, mercury forms methylmercury and becomes
more bioavailable. Objectives guiding this research project
include:
•• Identify the annual cycle of methylmercury
concentration and loads in the major rivers of the
Sacramento Valley.
•• Determine whether methylmercury 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 methylmercury production where risks occur.
•• Identify underlying causes where methylmercury poses
a risk.
Since 2013, when this project began, three studies have
been completed. These include using historical data to
assess methylmercury export from rice producing areas;
determining mercury budgets at the field scale; and using
alternate wetting and drying (AWD) irrigation as a potential
mercury management practice.
A new area of research to quantify methylmercury
concentrations in grower fields commenced in the fall of
2017 and is described later in this summary.

Mercury assessment
Mercury concentration data in irrigation sources
(Sacramento and Feather rivers) and agricultural
drains (Colusa Basin, Sacramento Slough) collected
between 1996 and 2007 were used to assess mercury
contributions from rice field discharges in the Sacramento
Valley.
While rice systems may be a source of mercury, loads
from 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
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An alternate wetting and drying
(AWD) experiment found this practice
reduced mercury concentrations in
water, soil, and rice grains and could
be a mitigation practice if needed.

concentrations in drainage water from Sacramento Valley
rice fields are lower than drainage water concentrations in
the other two areas.
Research also showed 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.
Mercury concentrations in drainage water during the
growing season 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.

AWD irrigation
A controlled, replicated experiment was conducted to
determine how alternate wetting and drying (AWD) water
management affects methylmercury in rice systems. This
practice was found to reduce mercury concentrations
in water, soil, and rice grains and could be a mitigation
practice to reduce mercury if needed.

Research publications
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.
While rice systems may be a source of mercury,
loads from rice fields are small. Furthermore, most
methylmercury leaves rice fields during the winter fallow
period. If necessary, the alternate wetting and drying
(AWD) practice of rice irrigation during the growing season
could reduce loads.
Several papers have been published on this work,
including The Contribution of Rice Agriculture to
Methylmercury in Surface Waters: A Review of Data from
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the Sacramento Valley, California in the Journal of
Environmental Quality, and another in the Soil Science
Society of America Journal, titled Alternate Wetting and
Drying Decreases Methylmercury in Flooded Rice (Oryza
sativa) Systems. A final paper has been submitted to
the Journal of Environmental Quality: Methylmercury
Dynamics in Upper Sacramento Valley Rice Fields with
Low Background Soil Mercury Levels.

Methylmercury quantification
An important goal for 2017 research was to begin
quantifying methylmercury in filtered and particulate
water samples going into and out of rice fields.
The current regulatory focus on methylmercury is
based on unfiltered water samples. However, much of
the methylmercury is likely to be bound in suspended
sediment. This methylmercury may be less bioavailable
than that which is dissolved in water. From an ecosystem
standpoint, dissolved methylmercury is a better
indicator of ecosystem health.
With this in mind, a new area of research began
evaluating in-field methylmercury concentrations from
filtered samples, while also quantifying the filtered
methylmercury concentrations in field flood water and
tailwater. Commercial fields have been identified to
determine whether higher levels of methylmercury in
irrigation water result in higher concentrations in field
flood water and tailwater. Two pair of rice fields in this
work receive fresh irrigation water and the other pair of
rice fields will receive recycled irrigation water.
Samples will be taken from six commercial rice fields
during the fallow 2017-18 period and during the 2018
growing season. The fields are located in Butte, Colusa,
and Yolo counties. These fields are representative of
major rice growing areas, had rice grown on them the
previous season, and kept straw on the flooded field
during the winter.
From these fields, samples will be taken from the
water inlet, the field, and the outlet to determine
methylmercury concentrations and loads in filtered and
unfiltered water samples. Soil samples will be taken
during the flooded period each season. Grain will be
sampled in each field to determine methylmercury and
mercury concentrations.
The inlets and outlets are set up with monitoring
equipment to measure water flow rate throughout the
year. The equipment is unobtrusive, so growers will be
able to manage their fields as usual.
Water samples will be collected three times during
the growing season and three times during winter fallow.
Samples will be collected near the beginning, middle,
and end of each season.
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Arsenic Speciation in Rice and the Environment
Project Leader: Sanjai Parikh, professor
Department of Land, Air and Water Resources, UC Davis

T

he goal of this research is to provide realistic recommendations to help farmers minimize
arsenic uptake during rice cultivation. The objectives in 2017 were:
•• Evaluate the impact of straw management on arsenic uptake into rice grains.
•• Compare arsenic levels in rice fields under alternate wetting and drying (AWD).
•• Chemically analyze arsenic availability to rice in the root zone.
•• Optimize AWD management to minimize arsenic accumulation in rice grains.

Straw management

AWD impacts

The potential for straw management to minimize arsenic
uptake in rice was evaluated at the Rice Experiment
Station. Winter straw treatments included burned,
incorporated, fallowed, bailed, and bailed/burned. The
treatment with the highest concentration of arsenic in
paddy rice was the bailed/burned treatment. The levels
of arsenic measured in rice grains are consistent with the
arsenic concentrations in soil in each location.
Importantly, many grain samples measured had
inorganic arsenic levels above U.S. Food and Drug
Administration proposed action levels for infant rice cereal.
No general trends were observed by straw management
treatments.

Plants and soil subjected to AWD treatments under one dry
down were analyzed. The results showed that the longer
the dry down period, the greater the likelihood of reducing
accumulation of arsenic in rice grains.
Arsenic levels, as well as total cadmium content,
were analyzed in shoots, roots, and grains from the 2016
harvest. Results confirm prior research that arsenic
uptake decreased with AWD 25% and AWD 35% soil
moisture compared to continuous flood. The “safe” AWD
treatment, where the soil remains wetter than the other
AWD practices, was not effective at reducing arsenic
accumulation in rice grains.
Roots sequestered a considerable amount of arsenic
because of the presence of iron. Flooded conditions favor
iron plaque formation in the root zone compared to aerated
conditions. This is an area that needs further research to
determine how the presence or absence of iron affects
arsenic in rice tissues.
The concentration of cadmium in various plant
tissues showed an opposite trend to arsenic. At maturity,
continuous flood and safe AWD systems accumulated
the least cadmium in roots, shoots, or grains. Cadmium
levels in white rice under the AWD 25% practice were
about five times that of the continuous flood system.
However, AWD 35% reduced cadmium content in brown
and white rice compared to AWD 25% by more than a
third. Thus, AWD 35% may represent the best management
strategy for minimizing both cadmium and arsenic uptake
simultaneously.
During the 2017 growing season, three AWD treatments
were examined with only one dry down period. Soil
redox potential was observed. Longer dry down periods
indicated oxidizing conditions that may be related to the
immobilization of arsenic in the soil. Grain and plant tissue
analysis from 2017 samples is ongoing.

Andrea Aguilera, a UC Davis Ph.D.
student, takes samples with a
soil auger at the Rice Experiment
Station for arsenic analysis in the
lab.

38

The 49th Annual Report to the California Rice Growers

Identifying Opportunities for
Improving Water Use Efficiency
Project Leader: Bruce Linquist, UCCE specialist
Department of Plant Sciences, UC Davis

T

he goal of this project is to identify opportunities to conserve water in California rice
systems. Objectives of 2017 research were:

•• Determine how water temperature affects crop development.
•• Complete analysis of salinity research and develop salinity management guidelines.
•• Initiate studies on groundwater levels and implications for irrigation management.

Salinity and water temperature research
Research on salinity has been completed. Peer
reviewed research can be viewed in Agricultural Water
Management, 195:37-46, Spatial-temporal salinity
dynamics and yield response of rice in water-seeded rice
fields. Information from this study is being developed into
a handout and should soon be available to growers.
Research examining water temperature effects on
crop development has been submitted for publicaiton
in Paddy, Water and Environment. In brief, this research
indicated that crop development from planting to panicle
initiation (PI) was more sensitve to water temperature
than air temperature. Development rates from PI to
maturity were best predicted by air temperature. Based
on these findings, degree day models to predict crop
developmental stages would be improved by using water
temperatures during the first part of the growing season.

Tailwater drainage—including maintenance flow, herbicide
application drains, Leather’s drains (if applicable), and the
final drain for harvest—ranged from 4 inches to 25 inches.
Lateral seepage and percolation together were about 2
inches or 6% of evapotranspiration, which is lower than
previously estimated.
Thus, evapotranspiration accounted for approximately
one-half to two-thirds of the applied water, with tailwater
drainage representing the second largest outflow.
Percolation and lateral seepage account for a very small
amount of the applied water.

Percolation and seepage losses
Direct measurements of percolation losses were made
in eight fields spread throughout the Sacramento Valley.
Percolation rates ranged from 0.02 inches to 3 inches per
season, assuming 120 flooded days. The average percolation
rate across all sites was about 1 inch per season.
In general, lateral seepage losses were small but highly
variable. The highest lateral seepage losses recorded
would amount to only 2 inches per season for a 100-acre
square field bordered completely by that type of levee.
Seepage was greatest for levees that bordered a drainage
ditch, followed closely by those that bordered fallow
fields. Seepage was a water input to the field for some
levees bordering higher flooded fields or supply canals,
though this wasn’t true in all cases. Ongoing work is
looking at the influence of factors such as levee type and
dimension, field water height, and soil texture.

Water balance
A complete water balance was calculated for three sites.
Tailwater drainage was measured with an outlet weir and
data loggers that recorded the height of water above
the weir crest. Irrigation inputs ranged from 4 feet to 5
feet, while evapotranspiration averaged 2.5 to 2.75 feet.

Direct measurements of percolation losses were made at
eight field sites.
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Novel Nanomaterials and Performance
Industrial Products
Project Leader: You-Lo Hsieh, professor

T

Division of Textiles and Clothing, UC Davis

his project is developing efficient processes to isolate rice straw components and
convert them into new nanomaterials and advanced functional products.

To date a diverse array of nanocelluloses have been
fabricated from rice straw cellulose. These nanocelluloses
have been demonstrated as dispersants, antimicrobial
agents, microbial coagulants, and synthesis templates
for nanoparticles, as well as building blocks to fabricate
nanofibers, films, coatings, hydrogels, and aerogels—each
category with wide-ranging potential applications. For
instance, rice straw derived nanocellulose aerogels have
been demonstrated for aqueous–organic separation, water
purification, oil clean up, and other uses.
The overall goal for 2017 research was to continue
the development of scalable processes and to expand
functional applications of nanocelluloses and porous
carbon products. Specific research objectives were:

Nanocellulose–silica aerogels

•• Establish the simultaneous isolation and utilization of
cellulose and silica from rice straw.

A second objective was to more fully utilize rice straw by
converting two major rice straw components (cellulose and
silica) to nanocellulose–silica aerogel composites.
Cellulose nanofibril (CNF)–silica hydrogels were first
fabricated by aging aqueous CNF and sodium silicate
precursors in various ratios. CNFs provide the primary
skeletal gel structure, while the silica bridges and connects
CNFs within the gel network.
These novel nanocellulose–silica aerogel composites
take advantage of the complementary qualities of resilient
nanocellulose and heat-resistant silica. The pore structure
and mechanical properties of CNF–silica aerogels are being
characterized. The ability of these rice straw based aerogels
to absorb carbon dioxide will be studied for potential carbon
sequestering applications.

•• Optimize aerogel properties and processes into scalable
industrial and consumer products.

Amphiphilic nanocellulose aerogels

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

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

Diverse nanocelluloses
New rice straw nanocelluloses, both cellulose nanocrystals
(CNCs) and cellulose nanofibrils (CNFs), have been
efficiently generated by two-step oxidation followed by
mechanical blending.
The dimensions, yields and surface charges on these
nanocelluloses can be optimized and varied by simply
tuning the primary and secondary oxidation reaction
conditions. A wide range of CNCs and CNFs with potentially
more highly decorated carboxyl surface groups than the
2,2,6,6-tetramethylpyperidine-1-oxyl (TEMPO) method can
be produced.
The CNCs produced are not only in higher yields, but
also carry carboxyl surface functional groups, as opposed
to the sulfonate groups from typical CNCs hydrolyzed by
sulfuric acid. Further reaction optimization to establish

A diverse array of nanocelluloses have been
fabricated from rice straw cellulose.
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charge and yield relationships, as well as characterization of
CNFs, will continue in 2018.

Nanocellulose aerogel technologies are the most advanced
among rice straw based products developed in this project.
These aerogels are superabsorbent of both water and oil and
their amphiphilicity can be fine-tuned to selectively absorb
and remove organic solvents and oils from water.
Significant progress has been made to improve multiple
properties of these aerogels. A chemical cross-linking
treatment process produced aerogels that were highly
effective in separating water and oil through selective
absorption or simple filtration. Two papers have been
published on this work in 2017.
A provisional patent on nanocellulose aerogels has been
filed by the university. Product sponsors have been and will
continue to be aggressively sought.

New “green” process
Researchers have tested and validated a new “green” process
utilizing a recyclable, multifunctional reagent, solvent, and
acid precursor to perform telomerization and hydrolysis that
will produce more hydrophobic nanocelluloses.
The cellulose nanofibrils generated are narrower
than those previously produced but are far more
thermally stable—a significant advantage and important
breakthrough. Work will continue in 2018 to optimize this
process, improve yield, and characterize CNFs.
One provisional patent on this unique green processing
for nanocelluloses was filed in 2017.
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Biobased Insulating Panels and
Anaerobic Digestion of Farm Waste
Project Leader: Joseph Greene, professor
Department of Mechanical Engineering and Manufacturing Technology, California State University, Chico

W

ork on this project focused on two main areas in 2017:
•• Evaluation of the commercial viability of the Biobased Structural Insulating Panel
developed in previous research.
•• Development of an anaerobic digestion system for agricultural waste, including rice straw.

Biobased Structural Insulating Panel
The Biobased Structural Insulating Panel that included
rice straw as one of its ingredients has been proven to be
technically feasible. However, ingredient costs besides rice
straw were higher than those used in similar commercial
products made with particle board and Styrofoam™.
A gun company has shown interest in use of the
biocomposite material to create biodegradable sport
pigeons to replace clay pigeons.

Anaerobic farm waste digester
Current technology exists for converting a variety of waste
products with anaerobic digestion to methane gas that
can in turn be burned to produce electricity. Examples of
feedstocks include manure, sugar beets, sewer sludge,
pulp and paper, processed food, rice straw, potatoes,
algae, corn stover, and wine.
Different inputs can generate varying amounts of
methane. Dairy manure creates the most biogas. Rice straw
produces a lesser amount.
Laboratory test equipment was developed to convert
farm waste to methane using a two-step anaerobic
digestion process. Different food waste was placed in
separate jars with an inoculum and stored in an incubator.
Gas production was then measured.
This research is intended to result in the development
of a recipe of farm materials that will biodegrade with rice

Methane (L) produced per gram per week
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Rice straw

straw. In one trial, rice straw and apple waste were mixed
together to determine biogas production. A second trial
included different amounts of peach, olive, rice straw, and
cellulose. Biogas was measured with a gas chromatograph.
The olives and apples had high biodegradation that
generated much biogas. The peaches generated less biogas
for unknown reasons, something that will be studied
further. Rice straw produced less biogas. In the next phase
of this research, rice straw will undergo preconditioning.
The results from this year’s experiments will be used to
predict methane generation from a 100-gallon anaerobic
digester to be used for further research on food and farm
waste in 2018.
Technical viability of this project is very good. An
anaerobic digester is currently in use at a biogas plant
south of Chico. The project leader will work with Chico
State engineering students in the design and building of a
new digester.
Biogas production
as measured
with inverted
tubes and water
displacement
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Improving Concrete Properties with
Rice Straw Ash
Project Leader: Feraidon Ataie, program coordinator
Concrete Industry Management Program, California State University, Chico

T

his program previously investigated the use of rice straw fibers as an internal curing
agent for concrete. In a new study, researchers at California State University, Chico,
investigated the use of rice straw ash on alkali-activated slag cement. According to the U.S.
Environmental Protection Agency, use of slag in concrete will help reduce greenhouse gases.
This is a two-year research project. In 2017, rice straw was
immersed in water for 24 hours and then dried and burned
at 1,112 degrees Fahrenheit for one hour. The ash was then
ground to produce a powder.
The slag was mixed with sand and a 4-mole sodium
hydroxide solution to make mortar cube samples
containing 5%, 10%, or 20% rice straw ash. Another set of
samples was made by presoaking rice straw ash in sodium
hydroxide solution for 24 hours. Also, two sets of samples
were made by adding 25% and 12.5% sodium silicate to
the mix instead of rice straw ash. Moist samples were then
cured at 73 degrees Fahrenheit. Compressive strength tests
were measured at three, seven, and 28 days.
The samples were compared with those that did not
include rice straw ash in the mix. Results indicate that
adding rice straw ash in alkali-activated slag increases

compressive strength. Furthermore, presoaking rice straw
ash before adding it to the mix increased the compressive
strength dramatically. Samples with a compressive
strength of of more than 6,000 pounds per square inch
were achieved in seven days, a remarkable result.
Research in 2018 will examine performance of rice
straw ash in alkali-activated slag systems at a higher
curing temperature of 104 degrees Fahrenheit. Rice straw
ash will be added at 5%, 10%, and 15%, with and without
presoaking. Compressive tests will be measured at three,
seven, and 28 days. Moreover, the intent is to test sodium
hydroxide solution at a lower concentration (2-mole) and
compare results to that of 4-mole solution.

Research with mortar
samples containing rice
straw ash showed that
it improved the physical
properties of alkaliactivated slag cement.
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Increasing the Feeding Value of Rice Straw

T

Project Leader: Josh Davy, farm advisor
UC Cooperative Extension Glenn, Colusa, and Tehama counties

his project continues many years of
research investigating the use of rice
straw for livestock forage.

Two feeding trials tested methods of improving the feeding
value of rice straw. The first trial in 2015 examined feeding
of high moisture straw in yearling cattle and subsequent
body weight gain. High moisture straw had some drawbacks,
including the need to be baled directly behind a combine. It
also proved to be difficult to manage after baling. Stacks of
high moisture straw tended to sag and potentially fall over.
The following year, treatments were added to low moisture
straw to potentially improve feed intake. Treatments included
ammoniation, a lactic acid application prior to baling, and
molasses applied prior to baling. Only the ammoniation
treatment substantially increased intake and weight gain.
Treatments planned for 2017 included high moisture, high
moisture with lactic acid, low moisture, and low moisture with
ammonia. Straw was baled during the fall rice harvest near
Williams. Dry straw moisture was 9% and wet straw moisture
averaged 51%. Both dry straw treatments were flail chopped.
The wet straw would not feed through the baler. Because
of this unforeseen difficulty, the high moisture–lactic acid
treatment was dropped from 2017 research.
Low moisture bales were removed from the field
immediately after baling and wrapped in plastic. Separate
stacks were wrapped for both treatments. The ammonia
treated stack was left in place for 30 days so the ammonia
could evenly distribute throughout the stack. Unfortunately,
part of the stack caught fire a week after harvest. However,
enough salvageable unburned straw was hauled to the UC
Sierra Foothill Research and Extension Center 30 days after
harvest for feed testing.
The cattle feeding portion of the trial began on November
13 and lasted 60 days. Cattle were weighed, hip height and
widths measured at the trial onset, midpoint, and at the end of
the trial. A grain mix was included as a supplement. The ration
was balanced with the anticipation that average consumption
of straw and supplement would translate into a pound of cattle
weight gain per day. Consumption was measured daily.
Targeting specific moisture levels has proven challenging.
In some years, the straw dried within hours. In 2017 it was
very slow to dry. Moisture levels ranged from 40% to 70% in
the high moisture straw.
The cattle in the ammonia treatment significantly
outperformed the other groups, gaining 1.7 pounds/day.
The cattle fed the dry rice straw gained an average 1.2
pounds/day. The cattle fed high moisture rice straw gained
0.2 pounds/day. The difference in gain is attributable to
intake amounts. The cattle fed ammonia treated rice straw
consumed about 12 pounds per head per day, compared to
9.5 pounds per head per day in the low moisture treatment.

Measuring
cattle
performance in
a feeding trial
The high moisture treatment had the lowest consumption
at close to 8 pounds per head per day.
Hip height was not significantly affected by any of the
treatments, which was similar to findings in previous
trials. However, there were significant differences in hip
width measurements, with the ammonia treatment again
significantly increasing width over the high moisture
treatment. The low moisture treatment was more variable
and did not differ from the other treatments.
The differences in intake and resulting weight gain
among treatments is a reflection of varying protein content
in forage. The ammoniated treatment had significantly
higher protein than all other treatments. Energy levels
were significantly lower in the high moisture treatment
compared to the other two treatments. This difference may
actually be due to the high moisture treatment not being
flail chopped prior to harvest. The wet straw could not be
chopped. Sample date did not significantly contribute to
forage quality, meaning that forage quality in all treatments
remained relatively stable across the feeding periods.
In addition to forage quality, it appears mold and yeast
counts may have significantly affected palatability. Mold
counts were much higher in the high moisture treatment.
The lactic acid treatment that was not completed
potentially could have addressed this issue. In all three
samplings, mold counts in the high moisture treatment
were at high levels. The ammoniated treatment nearly
eliminated mold, while the mold count in the low moisture
straw was in the low to medium range.
Ongoing support of this project by the Rice Research
Board is greatly appreciated. Researchers also extend
thanks to the Parker family for their help with logistics and
baling. Developing low cost forage sources is crucial to
beef cattle production in California.
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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
statements of financial position as of August 31, 2017 and the related statements of activities and cash flows for the
year then ended, and the related notes to the financial statements.

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

Auditor’s Responsibility
Our responsibility is to express an opinion on these financial statements based on our audit. We conducted our audit in
accordance with auditing standards generally accepted in the United States of America. Those standards require that
we plan and perform the audit to obtain reasonable assurance about whether the financial statements are free from
material misstatement.
An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in the financial
statements. The procedures selected depend on the auditor’s judgment, including the assessment of the risks of
material misstatement of the financial statements, whether due to fraud or error. In making those risk assessments,
the auditor considers internal control relevant to the entity’s preparation and fair presentation of the financial
statements in order to design audit procedures that are appropriate in the circumstances, but not for the purpose of
expressing an opinion on the effectiveness of the entity’s internal control. Accordingly, we express no such opinion. An
audit also includes evaluating the appropriateness of accounting policies used and the reasonableness of significant
accounting estimates made by management, as well as evaluating the overall presentation of the financial statements.
We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for our audit
opinion.

Opinion
In our opinion, the financial statements referred to above present fairly, in all material respects, the financial position
of California Rice Research Board as of August 31, 2017, 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 30, 2018
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF FINANCIAL POSITION
AUGUST 31, 2017

See auditors’ report and notes to financial statements.
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF ACTIVITIES
FOR THE YEAR ENDED AUGUST 31, 2017

See auditors’ 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, 2017

See auditors’ report and notes to financial statements.
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CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2017
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 California Rice Research Board (Board) is a 12 member board composed of eleven grower members and
one 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 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 2016-17 fiscal year the Board established an assessment rate of $0.08 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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CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2017
H.

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:

I.

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

J.

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.

K.

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 2016-17
fiscal year, the Board met their reserve policy.

NOTE 2

CASH AND INVESTMENTS
Cash and investments at August 31, 2017 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, 2017, as provided by the LAIF Administrator, was $11,927,300. Assumptions
made in determining the fair value of the Board’s investment portfolios are available from the State of
California.
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CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2017
NOTE 3

EQUIPMENT

Depreciation expense for the year ended August 31, 2017 was $267.

NOTE 4

UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS
Of the total $2,440,702 United Tariff-Rate Quota Management Funds, $20,913 was received from EU-TRQ funds
and $2,419,789 was received from Colombia Rice Export Quota, Inc. (COL-RICE) during 2016-17. 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 $2,419,789 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, 2017
is as follows:
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CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2017
NOTE 6

COMMITMENT
The Board entered into a six year commitment beginning in 2011-12 for a rice specialist with the University of
California (UC) to fund the salary and benefits with a total payment commitment of $1,272,000. At the end of
the six year commitment, the Division of Agriculture and Natural Resources (ANR) at the UC would then fund the
position. During the year the Board made the sixth and final payment of $212,000 (Note 5). Thus, fulfilling the
Board’s six year commitment.

NOTE 7

RICE RESEARCH TRUST GRANT
In August 2014 the Board entered into an agreement with the Rice Research Trust, a non-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 March 2017, the Board made a donation from the Reserve
Fund of $500,000.

NOTE 8

CONCENTRATION OF CREDIT AND MARKET RISK
Included in assessments receivables are amounts due from four mills which represents 56% of total assessments
receivable as of August 31, 2017.
There were four mills who paid 50% of the assessment revenue for the year ended August 31, 2017.

NOTE 9

SUBSEQUENT EVENTS
Subsequent events have been evaluated through March 30, 2018 which is the date the financial statements
were available to be issued. Our evaluation through the time period noted above identified the following item
requiring disclosure:
A.

Drought
The drought of the past few years was dramatically broken in 2017 with a record amount of rainfall. So
much rain fell that reservoirs such as Oroville Dam filled and then utilized emergency release measures.
Considerable infrastructure damage occurred and a great deal of water was lost. The rain went on very late
and prevented the preparation and planting of a large number of acres. Thus, the reduction in acres for 2017
was not due to a shortage of water, but a shortage of time.
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California Rice Research Board
Dana Dickey, manager
P.O. Box 507, Yuba City, CA 95992
Phone: 530-673-6247 • Fax: 530-674-0426 • www.carrb.com

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

District

Alternates

Seth Fiack
Glenn

M: 530-514-8820

1

Imran Khan
Chico

M: 530-517-2222

Jason Bowen
Maxwel

M: 530-682-3489

2

Jared J. Gross
Grimes

O: 530-458-5831

Brett Scheidel
Nicolaus

M: 916-417-2282

2

Rob Van Dyke
Pleasant Grove

M: 916-496-1656

Mike Dewit
Davis

O: 530-756-5617

3

Brian McKenzie
Plumas Lake

M: 916-709-7884

Term of Office: August 1, 2015 through July 31, 2018
Roy Holzapfel
Willows

M: 530-521-4077

1

Jessica Lundberg
Richvale

O: 530-882-4551

Mike Daddow
Nicolaus

O: 530-656-2440

2

Kay Siller
Yuba City

O: 530-674-9460

Joseph Richter
Colusa

O: 530-458-3180

2

Dennis Michel
Nicolaus

M: 530-701-4375

Term of Office: August 1, 2016 through July 31, 2019
Andrew Rudd
Gridley

M: 530-682-0929

1

Lance Benson
Durham

O: 530-538-3403

George Swaner
Glenn

O: 530-934-3651

1

Daniel Robinson
Durham

O: 530-342-6867

Henry Kalfsbeek
Arbuckle

M: 530-219-8107

2

Joe Carrancho
Maxwell

O: 530-438-2518

Bert Manuel
Yuba City

M: 530-870-2137

2

William Warnock
Nicolaus

M: 530-330-1828

Public Member
Gilbert Stresser
Yuba City
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RES Liaison
M: 530-701-9714

Steve Willey
Nicolaus
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M: 530-682-7832

