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Chairman’s Report

been evaluated at RES for four years. Grain yield 
was the same as in conventionally grown rice. 
Optimum nitrogen rates to achieve maximum 
yield were similar among treatments. This work 
also showed that alternative water management 
can significantly reduce greenhouse gas 
emissions. Work to better understand variability 
in rice yields included a model that determined 
yields in modern medium grains could improve 
in the range of 1,000 pounds/acre to 1,500 
pounds/acre. In this study, cool stress during 
booting had the largest impact. Another study 
in this project evaluated a handheld sensor in 
multiple farmer fields to asssess its potential for 
predicting 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 demonstrated 
how the mobility of fertilizer nitrogen is influenced 
by roots and varies among different cultivars. This 
work is reported in Role of Nitrification in Rice 
Systems to Support Nitrogen Use Efficiency.

Another project evaluated commercially available 
seaweed derived products marketed for rice 
production. Field trials indicate there is potential 
benefit from some of these products. However, more 
research is necessary to confirm these results and 
to better understand the mechanisms at play. This 
research is reported in Evaluating Seaweed Extracts 
as Biostimulants in California Rice.

California’s public rice breeding program is 
conducted and managed by scientists at the 
Rice Experiment Station (RES). The program has 
made 47,915 crosses and released 47 improved 
public rice varieties since its inception in 1969. 
Foundation seed of 14 public varieties and basic 
seed of one Japanese premium quality variety 
were produce in 2016. 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 2016. 
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 
mutant genes associated with reduced uptake 
of arsenic in milled rice grains and resistance or 
tolerance to selected herbicides. This work is 
reported in Genetics for Rice Improvement.

Fertilizer research continued in four areas—
potassium status of rice soils, management 
practices for growing rice under alternating 
flooded/dry conditions, rice yield variability 
in the Sacramento Valley, and midseason 
nitrogen status. Some soils have been found 
to bind potassium in forms unavailable to 
rice plants, likely caused by differences in soil 
mineralogy. This will be studied further in 2017. 
Alternative water management practices have 
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Welcome to the 48th annual report to the California Rice Growers.  In the following 
pages we report on grower funded research from 2016 that is essential to the 

California rice industry. The report tracks progress on rice breeding, genetic improvement, 
variety trials, weed management, fertilizer guidelines and related research, invertebrate pest 
control, and water use efficiency. Also included are updates on environmental research and 
efforts to utilize rice straw in new ways. 
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Weed management research examined optimal 
herbicide combinations for continuous flood, pinpoint 
flood, and drill-seeded rice. Six separate studies 
evaluated different formulations, adjuvants, and new 
active ingredients. Also, testing for suspected herbicide-
resistant weed populations increased significantly. Read 
about this work in Weed Management in Rice.

The Rice Water Weevil (RWW) population, as 
monitored at the Rice Experiment Station, was about 
four times the size of the previous year and improved 
conditions for testing insecticidal products. Seven active 
ingredients were examined in 18 treatments in ring 
plots in 2016. 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 tracking several species of stink bugs. This work is 
reported in Protection of Rice from Invertebrate Pests. 
Sadly, we also note the passing of project leader UC Davis 
extension entomologist Larry Godfrey, whose research 
helped develop integrated pest management strategies 
for rice and other crops for more than a quarter century.

Research on how rice pesticides degrade in the 
environment focused on the herbicide League® MVP 
(thiobencarb and imazosulfuron), the herbicide 
Butte® (benzobicyclon), and the insecticide Coragen® 
(chlorantraniliprole). In addition, a model was tested that 
predicts the concentration of thiobencarb (Abolish® or 
Bolero®) leaving rice fields. Research supports the current 
registration of League® MVP on rice, as well as a 30-day 
holding period. Research on Butte® suggests that soil 
degradation is not rapid. Future work will focus on this 
compound’s sorption from soil, as well as photolysis and 
microbial degradation. Preliminary research on Coragen®  
indicates that it could persist in field soils and thus further 
research will continue with simulated rice field conditions. 
A model capable of predicting thiobencarb concentrations 
downstream from rice fields also has been developed 
and could be further refined. Read about this research in 
Environmental Fate of Rice Pesticides.

Research continued on the potential for rice herbicide 
drift to affect walnut growth and production. Field 
studies were conducted with propanil (SuperWham!®), 
bensulfuron (Londax®), and bispyribac-sodium 
(Regiment®) at four rates resembling plausible 
drift. Although damage was documented from these 
herbicides, the walnut trees were able to recover through 
the growing season. A trend toward reduced shoot 
growth after multiple drift exposure to bispyribac-sodium 
also was observed. Herbicide effects on the following 
year’s nut production needs further study. Read about 
this work in Understanding the Effects of Rice Herbicide 
Drift on Walnuts.

A project to assess the extent of mercury in California 
rice systems continued. Mercury concentrations in 
drainage water from Sacramento Valley rice fields are 
lower than drainage water in the Yolo Bypass and the 
Cosumnes River area. Research also showed that rice 
grain concentrations of mercury are among the lowest 
reported in the literature—and well below levels of 

concern for human health. A study of Alternate Wetting 
and Drying (AWD) of rice fields showed that this water 
management technique reduced mercury concentrations 
in water, soil, and rice grains. This work is reported in 
Mercury in California Rice Systems.

Another new project seeks to provide recommendations 
to help farmers minimize arsenic uptake during rice cultiva-
tion. AWD demonstrated potential as an effective irrigation 
management strategy to reduce arsenic levels in rice. This 
research is contained in the section Arsenic Speciation in 
Rice and the Environment.

Researchers continue efforts to identify opportunities 
to conserve water in California rice systems. Specific 
areas of research in 2016 included the effect of air and 
water temperature on crop development, a salinity study 
in no-spill systems, and a new study on groundwater/
floodwater interactions. Read more in Identifying 
Opportunities for Improving Water Use Efficiency.

Research to transform rice straw components such 
as cellulose, silica, and lignin into the raw materials for 
industrial products also continued in 2016. Work focused 
on improving processes to create an array of nanomaterials, 
fabricating “aerogels” from silica and cellulose nanofibrils, 
and improving the properties of aerogels so that they can 
selectively absorb and remove organic solvents and oils 
from water. This work is reported in Novel Nanomaterials 
and Performance Industrial Products.

Researchers at California State University, Chico, 
continued work on rice straw based insulation panels. 
With the right mixture of ingredients, these biocomposite 
panels are both technically feasible and could be 
competitive with Styrofoam™-based panels. Read about 
this work in Development of Rice Straw Based Insulation 
Panels.

Another project at Chico State experimented with 
using rice straw fibers as a curing agent in concrete. 
Results were not encouraging, however, as the addition 
of rice straw fibers had negative impacts on concrete 
properties. This work is reported in Utilization of Rice 
Straw Fibers as an Internal Curing Agent in Concrete.

Finally, research continued on the use of rice straw 
as a livestock feed. Rice straw was allowed to dry for a 
day after harvest, flail chopped, baled, treated, cured 
for 30 days, and then fed to a research herd at the UC 
Sierra Foothill Research and Extension Center. Ammonia-
treated dry straw would be a good range supplement for 
cattle when hay prices are moderate to high. Read about 
this work in Increasing the Feeding Value of Rice Straw.

That’s a quick look at how our investment in research 
is reaping benefits for the California rice industry. We 
have a strong network of dedicated scientists studying 
important issues. That work keeps us moving forward. 
Wishing you all the best for a safe and productive year in 
rice country.
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plots on 10 acres. An estimated 150,000 panicles 
were selected from various second-generation 
populations for screening and advancement. 
Also in 2016, headrows of M-205, Calmochi-203, 
M-206, Calmati-202, and L-207 were grown for 
breeder seed production. Headrow seed can be 
used for several years to produce breeder seed 
because it is stored under low temperature and 
proper humidity conditions.

Selection and harvest of the 2015–2016 Hawaii 
winter nursery was completed and seed returned 
to RES for planting in May. The 2016–2017 winter 
nursery included 8,970 progeny rows planted 
October 25-26, 2016 and 600 first-generation 
crosses transplanted November 15, 2016. 
Selection and harvest was set for April 2017, with 
seed to be returned for processing and planting in 
the RES breeding nursery.

The San Joaquin cold tolerance nursery was 
planted in cooperation with a local grower.  This 
six-acre, drill-seeded nursery included 4,800 
rows, and four acres of second-generation 
populations. Stand establishment and weed 
control was good. Some blanking was observed 
in the rows and in the second-generation 
populations. 

Statewide yield tests
Statewide yield tests were conducted in grower 
fields and at RES in 2016 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 586 entries and check 
varieties. Yields of the top experimental lines 
compared well with check varieties. Superior entries 
are being advanced to 2017 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.

The California public rice breeding program has developed 47 improved rice varieties 
since accelerated research began in 1969. Foundation seed of 14 public varieties and 

basic seed of one Japanese premium quality variety were produced on 140 acres at the Rice 
Experiment Station (RES) in 2016.

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 oversees 
premium quality and short grains breeding. 
Farman Jodari leads the long grain project 
and also has served as liaison with Southern 
U.S. breeding programs. He has been working 
at RES since 1999 and will be retiring in 2017. 
Paul Sanchez is in charge of the rice pathology 
laboratory and will assume the role of Southern 
U.S. liaison when Jodari retires. 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. 

RES Director Kent McKenzie concluded a three-
year project that could lead to herbicide tolerant 
rice through induced mutation. That project 
successfully established protocols for generating 
and screening mutant populations and evaluating 
promising mutants for potential commercial 
application. Lines were developed from an M-206 
population that showed a high level of tolerance 
to the herbicide oxyfluorfen.

Progress highlights from 2016 are reported 
below.

Breeding nurseries
Seeding of the 2016 breeding nursery began 
April 27 and was completed May 23. A total of 
1,419 crosses were made for rice improvement, 
bringing the total to 47,915 since 1969. Crosses 
made in early spring 2016 were grown during the 
summer at RES to produce second-generation 
seed.  Crosses made in summer were planted 
in the Hawaii winter nursery and/or in the RES 
greenhouse to accelerate the selection process.

The 2016 RES breeding nursery occupied 
approximately 70 acres.  Water-seeded yield 
tests included 7,438 small plots and 3,318 large 
plots. The nursery included about 64,000 water-
seeded and 11,160 drill-seeded rows and plots. 
Second-generation populations from 2014 and 
2015 crosses were grown in precision drill-seeded 
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Variety

Days 
to 50% 
heading

Height 
(cm) 

Number 
of tillers

Calrose 
(combined 
means) 

84 97 41

Jupiter 97 93 38

Titan 92 90 39

CL271 95 91 38

Calrose medium grain breeder Virgilio Andaya reports on a blast-resistant advanced line at Rice Field Day.

Calrose vs. Southern medium grains
In 2016, Calrose medium grain varieties were 
compared with medium grains from the South for 
their agronomic characteristics and grain quality. 
Jupiter and CL271 were bred in Louisiana, while 
Titan is a medium grain developed in Arkansas. 
Calrose medium grains grown in this test included 
M-104, M-105, M-205, M-206, M-208, and M-209. 
A delay in heading and shorter plant height 
is indicative of Southern medium grain’s poor 
adaptation to the cooler growing conditions in 
California. Milled grains of Calrose are also  
heavier, longer, and slightly wider.
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The main goal of the medium grains breeding project 
is to develop new rice varieties with high and stable 
grain and milling yields without sacrificing the excellent 
grain quality of the Calrose varieties. Breeding materials 
are planted mostly by hand at the RES breeding nursery 
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 in Lihue.

Check variety performance
Calrose varieties that are still in commercial production 
in California are used as checks in preliminary and 
advanced yield tests. These include M-105, M-205, 

M-206, M-208, and M-209. M-202, released in 1985, 
is no longer used in yield tests. M-104, though still 
commercially grown, is being gradually replaced by 
M-105. M-208 will be phased out as a check variety by 
2018, as a new blast resistant line is being considered  
for release.

M-209, released in 2015, is the top-yielding check 
variety, registering an average grain yield of 10,350 
pounds/acre in 2016, compared to M-205 at 10,040 
pounds/acre, and M-206 at 10,300 pounds/acre. The 
four-year average yield for M-209, M-205, and M-206 
is 9,900 pounds/acre, 9,510 pounds/acre, and 9,500 
pounds/acre, respectively. M-209 has the biggest overall 
grain size of the Calrose varieties and may have lower 
head rice yield if harvested at low moisture content. It 
is adapted to warmer areas and may not perform well in 
cooler rice growing areas.

The very early maturing variety M-105 performed 
well in 2016 because of favorable weather conditions. 
It registered an average yield of 10,160 pounds/acre 
and overall yield of 9,170 pounds/acre. M-105 is one of 
the best varieties in terms of head rice yield, although 
its grains are one of the smallest among the Calrose 
varieties.

12Y3097 Calrose advanced line
A blast-resistant advanced line, 12Y3097, is in the final 
stage of yield testing and grain quality evaluation. It has 
been recommended for foundation seed increase in 2017. 
This is an early, glabrous, high yielding blast-resistant 
Calrose medium grain. 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 intended as a replacement 
for M-208, which contained the Pi-z gene found to be 
ineffective against the new IB-1 blast strain. 

In statewide testing from 2013 to 2016, 12Y3097 has 
undergone head row purification for the last two years. 
At the RES location, grain yield was 10,430 pounds/acre, 
compared to 10,300 pounds/acre for M-206 and 9,490 
pounds/acre for M-208. The overall yield advantage 
of this new line, based on pooled data, was 2.7% over 
M-206 and 8.7% over M-208. 12Y3097 has lower seedling 
vigor and plant height compared to M-206 and M-208. 



Compared to M-208, 12Y3097 performed better 
in San Joaquin, Butte, Glenn, Yuba, and Sutter 
counties, with the highest yield advantage of 10% 
registered in Yuba and San Joaquin counties. 
M-206 still performed better, though slightly, in 
remaining test locations. Grain attributes in terms 
of chalkiness, seed weight, and grain dimension 
are comparable to M-206 and M-208. The similarity 
in grain dimensions and appearance indicate that 
12Y3097 can be comingled with other Calrose 
medium grain varieties. Starch and protein content 
are similar to M-206 and M-208.

Other advanced lines
A total of 31 medium grain advanced lines entered 
statewide tests in 2016—regular medium grains, 
blast and stem rot materials, and herbicide-
tolerant mutant lines. M-205, M-206, and M-209 
are the standard check varieties for the three 
maturity groups in statewide tests. Grain yield of 
M-209 was higher compared to other medium  
grain checks in the early and intermediate/late 
group, while M-105, with an average yield of  
10,380 pounds/acre, did well in the very early 
group. Overall, the 2016 milling yields were lower 
compared to previous years.

Value added traits for Calrose
The medium grains project has begun to explore the 
use of rice traits that may add value for a new rice 
product. One of the traits under consideration is 
aroma similar to that found in long grain aromatic 
rice or the jasmines. M-206 was used as the parent 
variety. Several backcross populations have been 
made and progenies have been isolated with DNA 
markers.

Genetic studies on stem rot resistance are 
continuing. Results of previous mapping studies 
are being confirmed. Genetic studies have also 
been conducted to characterize the Roxy herbicide-
resistant gene. Crosses have been made to develop 
mapping populations to locate the gene. Whole 
genome sequencing of mutant lines and M-206 has 
also been performed. Multiple approaches will, 
hopefully, identify the gene.

RES 2020
In 2016, the medium grains project developed a 
plan called RES 2020 to review breeding goals and 
objectives by grain type, prioritization and allocation 
of resources, and personnel responsibilities. The 
intent of this plan is to strengthen the entire RES 
breeding program to meet the current, emerging, 
and future needs of the rice industry.

Premium quality and short grains
The premium quality and short grains project 
includes conventional short grains, low amylose 
short grains, waxy short grains, premium quality 
short grains, premium quality medium grains, and 
bold grains such as Arborio. New lines are bred 
and selected for improved and stable grain yield 

and yield related traits, milling and cooking quality, 
reduced delay in maturity and blanking from cold 
temperature, lodging resistance, very early to early 
and uniform maturity, short flowering duration, and 
resistance to diseases. 

Waxy short grains
Calmochi-201 and Calmochi-203 performed as 
expected in 2016. Calmochi-203 had significantly 
higher grain yield than Calmochi-101 in all statewide 
yield tests in 2016. The seven-year grain yield 
average for Calmochi-203 was 9,780 pounds/acre—
28% higher than the 7,640 pounds/acre average 
grain yield of Calmochi-101. Calmochi-203 had 
slightly lower seedling vigor, later heading, taller 
height, less lodging, comparable panicle blanking, 
and a 3% higher head rice percentage. 

Premium quality short grains
Calhikari-202 (CH-202), released as a new premium 
quality short grain variety in 2012, continues to show 
high yield and quality.

Grain yields of CH-202 were significantly higher 
than CH-201 in five out of eight statewide yield test 
locations in 2016. The average grain yield of CH-202 
across statewide yield tests was 9,150 pounds/acre. 
CH-202 continued to exhibit high head rice percentage, 
registering 66% in 2016 milling tests. 

Three premium quality short grain lines were 
evaluated in statewide tests. 13Y2031 was evaluated 
in the very early maturing 
and early maturing 
groups. However, it was 
dropped because it was 
not within chalkiness 
parameters. Another 
line, 15Y202, in its first 
year as an entry, showed 
potential with high yield, 
grain quality, and taste 
qualities. 

Mutation breeding of 
26 early heading lines 
of Koshihikari were 
evaluated. The top five 
yielding mutants had an 
average heading 16 days 
earlier than Koshihikari.  Average grain yield was 
8,090 pounds/acre—1,500 pounds/acre more than 
Koshihikari. Rice samples of “eKosh” are undergoing 
quality and taste tests.

Premium quality medium grains
Eight premium quality medium grains were evaluated 
in statewide tests in 2016. The outstanding selection 
was 12Y2175—producing significantly higher grain 
yields than M-402 in six of seven statewide test  
locations. Average yield was 10,220 pounds/acre for 
12Y2175 and 8,540 pounds/acre for M-402.

Compared to M-401 and M-402, 12Y2175 had 
similar seedling vigor and earlier heading by at 
least 16 days in 2016. It was similar to M-402 in 
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plant height and lodging, with M-401 being taller and 
having a higher lodging percentage. Cold temperature 
panicle blanking was 10% higher than M-402 but less 
than M-401. Its head rice percent was similar to M-401 at 
61%. Averaged across 2015 and 2016, 12Y2175 was similar 
in chalkiness to M-401 but higher than M-402. This 
advanced line will undergo experimental seed increase 
in 2017.

Conventional short grains
Four conventional short grain lines were evaluated in 
2016 statewide yield tests, with 10Y2043 at the forefront 
after being evaluated in both the very early and early 
maturing groups. Average grain yield of 10Y2043  
across eight statewide test locations in 2016 was  
11,330 pounds/acre, which was 18% higher than  
S-102. Its six-year average from 2011 to 2016 was  
10,310 pounds/acre, which was 18% higher than S-102.

Compared to S-102 in 2016, 10Y2043 had slightly 
lower seedling vigor, headed two days later, was 
slightly shorter, and had lower chalky area percentage. 
Furthermore, 10Y2043 is smooth, unlike S-102. 10Y2043  
is being advanced to foundation seed increase in 2017.

Low amylose short grains
In 2016, two low amylose short grain entries were  
evaluated, with 15Y2100 having a grain yield of  
10,090 pounds/acre—29% higher than CA-201. It had 
high seedling vigor and headed three days later than  
CA-201.

Arborio or bold grains
The Rice Experiment Station has not yet released a 
bold grain variety, although it did release 87Y235 as 
germplasm in 1994. The development of new bold grain 
lines is a first step to promote interest in this type of 
rice. The lone bold grain entry into statewide yield tests 
in 2016 was 15Y2002. It has smooth grains and similar 
seedling vigor, heading, and grain yield compared to 
89Y235.

Blast resistance breeding
Blast resistant lines of the six grain types managed by 
this project were evaluated in 2016. Lines with grain yield 
higher than their respective check varieties included 
eight bold grains, 18 premium quality medium grains, 
eight conventional short grains, six low amylose short 
grains, seven premium quality medium grains, and five 
waxy short grains. Marker-assisted selection identified 
the blast resistant lines possessing combinations of four 
genetic makers. These genes confer broad-spectrum and 
complementary resistance to blast pathogen races. 

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

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

L-207 is a conventional long grain variety released in 
January 2016 that has shown grain yield and milling yield 
advantages over L-206. L-207 is an intermediate height 
and early maturing variety with Southern long grain 
cooking quality. It is two days later and 6 inches taller 
than L-206. Average grain yield in statewide tests during 
2015 and 2016 was 10,300 pounds/acre, compared to 
9,600 pounds/acre for L-206 and 9,610 pounds/acre for 
M-206.

At the Yolo test locations, L-207 compared favorably 
with L-206 and M-206—important because cooler 
locations have been a challenge for long grains. As a 
result, the areas of adaptation for L-207 include most 
areas of the state except for San Joaquin County.

Despite taller plant height, no significant lodging of 
L-207 has been observed. Milling yields at sequential 
harvest moistures continue to be monitored. Within a 
span of seven days, head rice yields remained stable—
ranging between 63% and 67%.

Cooking quality of L-207 is similar to Southern long 
grains, with intermediate amylose, intermediate gel type, 
and moderate RVA profile. In 2012 to 2016 tests, L-207 
showed significantly lower stem rot disease compared 
with L-206 and M-206. Aggregate sheath spot resistance 
also was tested on this line at the RES greenhouse 
from 2012 to 2014. Significantly higher resistance was 
observed in 2013 and 2014. 

Another conventional experimental line, 14Y1006, 
tested significantly better than check varieties in very 
early and early maturity statewide locations. Average 
yields over 17 experiments were 10,600 pounds/acre for 
14Y1006, 10,310 pounds/acre for L-207, 9,600 pounds/
acre for L-206, and 9,610 pounds/acre for M-206. This 
experimental line is two to three days earlier and three 
inches shorter than L-207, with similar milling yield at 



65%. Head row production of 14Y1006 is planned for 
2017.

Specialty long grains
Expanded breeding efforts continued in specialty 
long grains, including jasmine, basmati, and 
conventional aromatics such as A-202.

In 2016, eight jasmine types were tested in 
statewide yield tests and 45 preliminary yield 
tests. Breeding objectives for jasmines include low 
amylose, strong aroma, a high degree of whiteness, 
and smooth cooked-grain texture. For a second year, 
15Y84 has shown superior agronomic and quality 
characteristics. The two-year average yields over 
11 experiments were 9,940 pounds/acre for 15Y84 
and 9,340 pounds/acre for A-202. Milling yield for 
both entries was 60%.  Feedback from marketing 
organizations has been favorable. Foundation seed 
production of 15Y84 is planned for 2017.

Several other jasmine selections were tested in 
early and intermediate/late statewide yield tests 
and are being advanced. Efforts in the area of 
conventional aromatics such as A-202 also continued 
in 2016. Two conventional aromatics—12Y1022 
and 15Y1197—were evaluated in statewide tests. A 
considerable number of aromatic types are being 
generated from other populations.

A-202
A-202 is an early maturing conventional aromatic 
variety that was released in January 2014. It is 
intended as a replacement for A-301. 

Compared to A-301, A-202 is nine days earlier, four 
inches taller, and has significantly higher seedling vigor. 
Average yield overall for early and intermediate loca-
tions in 2016 was 9,300 pounds/acre for A-202, com-
pared to 10,300 pounds/acre for L-207. 

Three-year average head rice yield for A-202 is 
61%. Susceptibility of A-202 to stem rot and aggregate 
sheath spot is similar to A-301. Milled kernels of A-202 
are slightly bolder than A-301. Amylose content, 
gelatinization temperature type, and starch profile 
are similar to A-301 and L-207. Subjective evaluations 
of cooked grain texture indicate that A-202 is slightly 
softer than L-206.

A-202 is susceptible to cold induced blanking (as 
is A-301) and is therefore not recommended for cooler 
locations. Areas of adaptation include Butte, Colusa, 
Yuba, Glenn, and Sutter counties.

Basmati
Basmati breeding efforts also continued in 2016. Eight 
selections were examined in statewide yield tests and 
26 selections in preliminary yield tests at the Rice 
Experiment Station. Basmati types, in general, are 
about 15% of the long grains nursery.

Average yield levels in early and intermediate/late 
statewide yield test locations was 6,500 pounds/acre. 
Average milling yield was 47%. Because of its extremely 
fine grain shape, basmati head rice yield is in the range of 
50% to 60%. However, basmati provides a considerable 
market premium. Wholesale prices for imported basmati 
is more than three times that of standard rice.
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Plant breeder Farman 
Jodari is retiring in 2017 
after leading the long grain 
program since 1999. Thank 
you Farman!
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Cooking quality evaluations of current basmati 
lines have shown considerable quality advantages over 
Calmati-202, a true basmati variety released in 2006. 
Cooked kernel elongation is an important characteristic 
for any basmati variety. Efforts are underway to improve 
cooked grain texture of basmati types. The effect of aging 
on texture and flakiness is being monitored on a select 
number of advanced entries. 

Small experiments are being conducted to identify 
harvesting and processing procedures that can enhance 
milling yield and cooking quality. Factors include harvest 
moisture, drying rate, and milling degree. The goal is to 
continue to improve both grain and milling yields without 
losing any basmati quality attributes.

Milling quality
Continued improvement in milling yield and stability 
remains an important objective in the long grains 
program. Grain characteristics are being evaluated that 
will lend milling yield stability under adverse weather to 
allow for a wider window of harvest. 

In 2016, all selections in the preliminary and advanced 
yield tests were evaluated in special plots for milling 
yield evaluation. Advanced lines were evaluated at six 
harvest moistures. Preliminary entries were tested at two 
harvest moistures. The goal for long grains is to maintain a 
minimum 65% head rice yield in advanced breeding lines.

Disease resistance
Stem rot resistance from the wild species Oryza rufipogon 
continues to be incorporated into an increasing number 
of high-yielding long grain lines. In 2016, 15 entries were 
tested in preliminary yield tests. Despite a close linkage 
between the stem rot resistance trait with increased 
chalkiness and cold susceptibility, selections are being 
obtained that have broken this linkage and have a 
combined low stem-rot score and low blanking. Efforts 
to improve the milling yield of stem rot-resistant lines are 
underway.

Rice pathology
Breeding for disease resistance is a cooperative effort 
between rice breeders and the RES plant pathologist. 
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. A few 
crosses were made to combine stem rot resistance and 
blast resistance. Molecular markers are being used to 
evaluate advanced lines with blast resistance genes.

Stem Rot
Screening for stem rot resistance included evaluations 
on 4,844 rows. Of these, 3,200 rows were wet seeded, 
resulting in less seed drift and the establishment of 
more uniform stands and allowing use of higher nitrogen 
levels without inducing lodging. Increased nitrogen 
results in greater disease severity and better screening 
opportunities.

Promising long- and short-grain resistant lines have 
emerged. Resistance was confirmed in some lines 
in 2016. Some lines, as in the past, have also shown 
resistance to sheath spot equivalent to that found in 
aggregate sheath spot-resistant donor parents.

In addition, 660 rows of a mapping population for 
identification of stem rot resistance genes derived from 
Oryza rufipogon were evaluated in the field at RES. 
Some materials identified as resistant in 2014 were 
again resistant in plots and rows, but many others were 
inconsistent due to lack of nursery uniformity.

Variations in stem rot ratings in 2016 were observed 
between and among lines in the mapping population. 
Intensive evaluation will be conducted in 2017 under 
controlled environment conditions inside the greenhouse 
to confirm the degree of susceptibility and resistance of 
selected lines.

Under field conditions, early maturing plants generally 
were found to be more susceptible to stem rot than 
late maturing plants. Very early maturing and tall plant 
entries were also more prone to lodging.

A modified stem rot rating scale and scoring system 
will be used for phenotyping in 2017. Combined with 
genotypic data derived from molecular markers, this will 
aid in the identification of lines with stem rot resistance.

Aggregate Sheath Spot
The backcross program 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 
reference.

Aggregate sheath spot screening in the greenhouse 
was expanded to include preliminary trial entries, as well 
as statewide entries.

Blast
Blast, first identified in California in 1996, was lower in 
severity and incidence from 1998 to 2009. Overall, blast 
was lower in severity and incidence between 2012 and 
2016. A few affected fields continue to be found, mostly 
on the west side of the valley. M-104 appears to be more 
susceptible than other varieties, followed by M-205.

Seedlings of all statewide entries were screened 
against a mixture of the IG1 and IB1 blast races in the 



greenhouse. This test should confirm the presence 
or absence of blast resistance genes and provide 
information on the relative susceptibility of lines 
without major genes. 

The backcross program also seeks to introduce 
resistance genes into M-206. Only genes with a wide 
spectrum of blast resistance in worldwide tests have 
been chosen. Seven backcrosses have been made 
and screened for blast resistance. Four of these lines 
were entered in the early statewide trial between 
2012 and 2014. These lines yielded more than M-208 
and even as much as M-206.

Blast infection has been found in some M-208 
fields every year between 2009 and 2013. DNA testing 
confirmed that a new race of the fungus has been found. 
This new race is significantly different pathologically from 
IG1. Lines with different blast resistance genes from the 
M-206 backcross program were screened against M-208 
isolates. Again, lines with the Piz gene and sometimes 
the Pik gene were susceptible. However, lines with other 
genes were resistant.

The components of M-208 were also tested 
individually. They are still resistant to the IG1 
strain of the blast fungus but not the IB1 strain. It 
is too early to judge whether resistance has been 
overcome in M-208 since infection occurred in only 
one in 5,000 to one in 10,000 plants. The new race 
may be able to attack scattered M-208 plants, but it 
is unknown whether it will severely damage M-208 in 
the future.

A project by the DNA marker lab to screen 
for blast has been successful. Resistance genes 
have been pyramided into three lines and are 
being advanced for agronomic evaluation. These 
genes were chosen for their broad spectrum and 
complementary resistance to blast races. The 
presence of several resistance genes in a variety 
should prevent rapid loss of resistance when 
exposed to natural blast fungus populations.

More than 500 blast single spore IB1 isolates were 
taken from M-208, as well as typical IG1 isolates, 
and screened against three California varieties 
(M-205, M-206, M-208) and other international 
varieties. The isolates were subsequently screened 
on new monogenic and near-isogenic lines from the 
International Rice Research Institute. This work will 
help facilitate future screening efforts.

Combining resistance
An attempt to combine resistance to blast, stem rot, 
and aggregate sheath spot is in progress. 

This effort involves a cross of a four-gene 
blast pyramid line with a stem rot-resistant line. 
It has undergone rapid generation advance with 
greenhouse disease screening for blast and stem 
rot. Second-generation populations were screened 
against blast in March 2016. Third-generation 
populations were screened against stem rot in June 
2016, and the fourth-generation populations were 
screened against blast in November 2016. The fifth-
generation populations will be screened against 
stem rot in the field in 2017.

A portion of the seed will be used in aggregate 
sheath spot screening in the greenhouse. Resistance 
was found in some lines evaluated in 2015. Further 
evaluation will take place in 2017. The goal is to 
identify well-performing lines with resistance to all 
three diseases.

Quarantine Introductions
The building blocks for any breeding program 
are varieties with traits desirable in commercial 
production. Two hundred lines from the southern U.S. 
were received for evaluation and use in the breeding 
program at the Rice Experiment Station. These 
were grown to full maturity and screened inside the 
greenhouse in summer 2016.

DNA marker laboratory 
The DNA marker laboratory supports the different 
breeding programs and special projects. The lab 
is involved in marker-assisted 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 generation of mutant 
populations for herbicide resistance. In 2016, the lab 
also did fingerprinting work on red rice. 

Marker-assisted selection
Marker-assisted selection for both blast resistance 
and grain quality is now a routine part of work in 
the DNA marker laboratory. In 2016, a total 910 
breeding lines from the medium- and short-grain 
projects were screened for blast resistance. A total 
of 2,419 long grain breeding lines were evaluated 
using five DNA markers for grain quality. And 992 
lines from the medium grain project were evaluated 
for aroma, grain quality, and herbicide resistance. 
These materials are being advanced by the medium 
grain breeder.

The backcross 
program seeks to 

introduce resistance 
genes into M-206. 
Only genes with a 
wide spectrum of 
blast resistance in 

worldwide tests have 
been chosen.
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DNA fingerprinting
Another important function of the DNA lab is to 
assist in variety identity and purity assessment—DNA 
fingerprinting. The lab maintains a marker database 
of all rice varieties released from the Rice Experiment 
Station, as well as other rice variety introductions. 
The lab fingerprints advanced lines before they are 
recommended as varieties.

The lab has developed a panel of DNA markers that 
can distinguish California medium grains from each 
other. A similar panel is in development for short- and 
long-grain varieties.

In 2016, researchers conducted fingerprinting of various 
breeding materials for the medium grain project. About 
2,080 lines, consisting of advanced breeding lines and seed 
maintenance lines, were assessed with different markers.

The long grain project requested 2,462 lines for 
fingerprinting—conventional long grains and advanced 
jasmine lines. The short grain project submitted 842 
lines for fingerprinting, consisting of the advanced line 
10Y2043, some elite lines, and early Koshihikari mutants. 
Fingerprinting data assures the breeders of the identity 
and purity of their materials.

Summary of marker work
A total of 8,275 lines were analyzed for all breeding 
projects at the Rice Experiment Station in 2016. This 
includes both marker-assisted selection (47%) and DNA 
fingerprinting (53%) work done in the lab. About 47% of 
the requests came from the long grain project, with 37% 
from the medium grain project and 16% from the short 
grain project.

Herbicide resistance
The Rice Experiment Station has embarked on a project 
to find herbicide resistant rice using induced mutation. A 
mutant resistant to the herbicide oxyfluorfen (Goal®) 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. Four other mapping 
populations were generated involving a cross of the 
short-grain line 09Y2179 with M-206 mutant lines 14G3, 
14G4, 14G6, and 14G9.

A marker survey on A-202, M-206, and 09Y2179 
examined 512 microsatellite markers. Marker data have 

been generated for each individual in the mapping 
populations. Genetic analysis zeroed in on the 
A-202/14G7 cross. It showed the location of the recessive 
gene for resistance to oxyfluorfen on a chromosome 
of interest. To identify the herbicide resistance gene, 
a multipronged approach is underway. Mapping and 
fine-mapping of the herbicide resistance—as well as 
sequencing the genome of both M-206 and mutants—are 
being pursued. 

A fine-mapping population involving the cross of 
mutant 14G6 with L-206 was developed, and 1,116 
individuals were analyzed. Fine-mapping work will 
continue to further refine the region of interest and 
narrow the number of candidate genes.

Red rice research
Reports of weedy red rice in fields across the state’s 
rice growing areas have been increasing. An extensive 
DNA marker analysis was done to help characterize 
California red rice samples. This will help create a better 
understanding of how many types of red rice are present 
and how they are distributed. The type of red rice present 
in a particular place and its relatedness can offer clues to 
origin and dispersal.

An initial study of 57 red rice accessions and select 
rice varieties has been initiated. Data for 84 markers 
were generated and analyzed. Altogether, more than 
90 accessions were analyzed. The DNA marker analysis 
aligned these into 19 groups, formed into six clusters 
based on marker relationships, phenotype, and 
accession location. There are 20 markers that can be 
used to validate the groupings.

Stem rot resistance
The goal of mapping stem rot resistance is to find a 
tightly linked marker that can be used in breeding 
programs. Work continues on mapping stem rot 
resistance, focusing on phenotyping disease symptoms. 
The plant pathologist is confirming whether lines 
identified as resistant in genetic studies present as well 
in greenhouse and field studies. Screening these lines 
several times for blast resistance will help to confirm 
chromosomal regions. Stem rot resistance in several 
chromosomes has been identified and is being further 
studied with the goal of finding a consistent DNA marker 
for resistance.

Rice Experiment Station Director Kent McKenzie concluded a project that could lead to herbicide tolerant rice.
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One method of reverse genetics is the Targeting 
of Induced Local Lesions in Genomes (TILLING) 
strategy. It is based on the detection of mutations 
in target gene sequences by screening DNA 
isolated and pooled from hundreds of mutant 
lines (typically 2,000 lines total). A service to 
identify mutations of interest with this technique 
is operated by the TILLING 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 2016 were:
 • Characterization of putative mutations in genes 

that control uptake and/or accumulations 
of arsenic and genes that encode proteins 
targeted by selected herbicides.

 • Completion of forward genetic screens to select 
for mutants that may exhibit reduced uptake 
and/or accumulation of arsenic.

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 popula-
tions 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 imidazolinone tolerance. Reverse genetics is 
a complementary approach for exploiting mutant 
populations. This strategy requires prior knowl-
edge 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. 

The overall goal of this project is to employ traditional and advanced genetic 
screens to identify novel rice germplasm to incorporate into breeding programs 

for the California rice industry. 



Forward genetic screening
Arsenic is known to enter rice plants through the same 
pathway used by silicon.  Scientists conducted forward 
genetic screens of various rice populations to identify 
mutants exhibiting altered uptake and accumulation 
of silicon based on resistance to germanium toxicity. 
(Germanium is a chemical element with similar chemical 
properties as silicon but which is toxic to rice.)

In 2016, screening was completed on a mutant 
population of the Kitaake variety. A total of 879 mutant 
lines were evaluated for sensitivity to germanium, and 
approximately 10% of the lines exhibited some alteration 
in their response. About 30 lines were more sensitive. 
Another 55 lines exhibited less sensitivity, and 11 of these 
were classified as tolerant. 

All mutant lines exhibiting altered response to 
germanium will be retested to confirm their phenotypes. 
Once confirmed, those lines will be planted in the field 
alongside mutants identified by TILLING so that silicon 
and arsenic content in leaf tissue and rice grains can be 
evaluated. 

Genetic crosses will be made between confirmed 
mutant lines and also with the TILLING mutants. Crosses 
with wild-type Kitaake or other varieties will be made for 
genetic mapping to identify the underlying mutations.

Work on this project was conducted in the USDA-
ARS rice genetics lab, greenhouses, and other research 
facilities at UC Davis.

Characterization of mutations
In 2015 research, 57 candidate mutations were identified by 
reverse genetic screening of a second-generation population 
of rice mutants. Of these, 42 were present in third-generation 
mutant lines. A comparison of these mutations with the 
3,000 rice genomes project database found them to be 
novel. That is, they are not among observed natural genetic 
variation represented by this database.

Herbicide target genes—Of the six genes selected as 
targets for generating herbicide tolerance, more than three 
mutations were identified. Some of these will be evaluated 
for herbicide tolerance mechanisms. Other mutants will 
be evaluated with pendimethalin to determine if this 
herbicide affects the formation of microtubules in root 
cells. Mutations were detected in other target genes and 
are being screened with the TILLING strategy.

Arsenic uptake/accumulation genes—Twelve 
mutations in the Lsi2 gene were confirmed in 2016. Some 
of the fertile third-generation mutants produced seed 
and will be grown and DNA-tested to identify any plants 
carrying mutations in a homozygous or “fixed” state 
(important for trait expression). Another 2,048 mutants 
are being screened with the TILLING strategy to identify 
more mutations.
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Six similar tests were conducted at RES— 
two from each maturity group. Average yields 
across varieties and locations in the advanced-
line tests ranged from 10,240 pounds/acre in 
the very early trials to 9,830 pounds/acre in the 
early tests. In the intermediate/late tests the 
advanced lines average yield was 9,190  
pounds/acre.

Field preparation and planting were completed 
in a timely manner. Several advanced lines in 2016 
produced high yields and demonstrated advances 
toward other important breeding goals, 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 con-
ducted 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 
have been tested and screened in previous years 
and were advanced for further testing. No propri-
etary lines were tested. The following provides  
agronomic performance summaries for these 
tests. 

Very Early Maturity
Six advanced breeding lines and nine commercial 
varieties were compared in four very early 
advanced tests. The preliminary tests evaluated 
four commercial varieties and 34 preliminary lines 
in separate tests at each location. Commercial 
varieties at each location included S-102, CA-201, 
CH-201, CH-202, CM-101, CM-203, M-105, M-205, 
M-206, M-208, M-209, L-206, and L-207.

Grain yields in the advanced tests averaged 
10,240 pounds/acres overall, 10,140 pounds/acre  
at RES, 10,520 pounds/acre at Sutter,  
10,100 pounds/acre at Yolo, and 8,020 pounds/acre 
at San Joaquin. The three highest yielding entries 

on average were advanced short-grain line 10Y2043 
(11,650 pounds/acre), short-grain line 15Y2010 
(11,100 pounds/acre), and long-grain line 14Y1006 
(11,040 pounds/acre). Top-yielding commercial 
varieties included L-207, M-206, M-105, and  
M-209. Averaged across three locations, yields for  
lines in the preliminary tests ranged from  
11,020 pounds/acre to 7,470 pounds/acre.

Average grain moisture at harvest decreased 
2.8%, lodging increased 5%, and average number 
of days to 50% heading remained steady at 
88 days. Seedling vigor and plant height were 
essentially the same as in 2015. Field preparation 
and planting were completed within the normal 
time frame. Harvest was completed within the 
normal time frame. Yields were high and had good 
grain quality.

Comparing commercial standard entries over 
a five-year period and across locations, M-206, 
M-105, and L-206 were the highest-yielding 
varieties at 9,573 pounds/acre, 9,428 pounds/acre, 
and 9,052 pounds/acre, respectively. 

Early Maturity
Ten advanced breeding lines and eight com-
mercial varieties were compared in four early 
advanced tests. Preliminary tests included eight 
commercial varieties and 28 preliminary lines 
evaluated in separate tests at each location. Com-
mercial varieties at each location included S-102, 
CH-201, CH-202, CM-101, CM-203, M-105, M-205, 
M-206, M-208, M-209, M-402, A-202, CT-202, 
L-206, and L-207.

Yields in the advanced lines averaged  
9,830 pounds/acre overall, 10,890 pounds/acre at 
RES, 10,190 pounds/acre at Butte, 9,400 pounds/
acre at Colusa, and 8,830 pounds/acre at Yuba. 
Advanced short-grain line 10Y2043 was the highest-
yielding entry (10,910 pounds/acre) averaged over 
four locations in 2016. Advanced long-grain line 
14Y1006, premium quality medium grain 12Y2175, 
and long grain L-207 yielded second, third, and 
fourth, respectively. Top-yielding commercial 
varieties included M-206, M-209, L-206, M-205, 
and M-208.

Rice Variety Trials

Project Leader
Bruce Linquist,  

UCCE rice specialist 
Department of Plant Sciences,  

UC Davis

Sixteen on-farm rice variety evaluation trials were conducted throughout the 
rice growing regions of California in 2016 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.



Average number of days to 50% heading was 90.  
The commercial standard M-206 averaged 87 days over 
four locations. The average yield of M-105 increased 
3.8% compared to 2015. In the preliminary tests, M-105 
ranked eighth for yield, with six experimental lines 
yielding higher.

Over a five-year period and across locations,  
M-206 was the highest-yielding commercial variety  
at 9,541 pounds/acre, followed by L-206 at  
9,523 pounds/acre, and M-105 at 9,356 pounds/acre.

Intermediate/Late Maturity
Four advanced experimental lines and seven commercial 
varieties were compared in three intermediate/late tests. 
Preliminary tests included six commercial varieties and 

20 preliminary lines evaluated in separate tests at each 
location. Commercial varieties at each location included 
CM-203, CH-202, Koshihikari, M-105, M-205, M-206, 
M-208, M-209, M-401, M-402, L-206, L-207, and A-202.

Yields in the advanced lines averaged 9,190 pounds/
acre overall, 9,990 pounds/acre at RES, 8,760 pounds/
acre at Butte, and 8,860 pounds/acre at Glenn. The 
2016 advanced over-location yield decreased 200 
pounds/acre (2.1%) compared to the 2015 season 
average. The average yield at the Rice Experiment 
Station increased 730 pounds/acre and decreased  
670 pounds/acre at Glenn. The Butte location was new. 
In the advanced tests, L-207 was the highest-yielding 
commercial variety (10,290 pounds/acre), ranking 
first overall. L-206 and M-209 were the next highest-
yielding commercial varieties. The long-grain entry 
16Y127 was the highest-yielding advanced entry across 
locations at 9,880 pounds/acre. 

Average number of days to 50% heading increased 
nine days compared to 2015. M-401 and M-402 were the 
latest among the commercial varieties at 109 and 105 
days, respectively. Over a five-year period and across 
locations, L-206 was the highest-yielding commercial 
variety in this group at 9,520 pounds/acre, followed 
closely by M-205 at 9,280 pounds/acre. L-206 and 
M-205 produced 110% and 106% of the yield of M-202 
across all locations over the last five years.

Other activities
This project was involved in the planting, sampling, and 
harvesting of more than 12 trial sites throughout the rice 
growing areas.  Educational activities such as winter 
rice grower meetings, the annual field day at the Rice 
Experiment Station, and promoting work through fact 
sheets, publications, and the UC Cooperative Extension 
rice website are also important parts of this project.
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UC Cooperative Extension Farm Advisor Luis Espino broadcasts rice seed onto 10X20-foot test plots.
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Potassium status
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. 

Research in 2016 found that 
some soils low in available 
potassium were also potassium 

fixers. That is, the soils could bind potassium 
in forms that are not available to plants. These 
soils, localed mostly east of the Sacramento River, 
require a different potassium fertilizer regime. 
Differences in potassium fixation among soils is 
likely caused by differences in soil mineralogy. This 

will be explored in 2017 to help refine potassium 
fertilizer recommendations.

AWD irrigation
Current water management practices keep 
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 Alternate Wetting and Drying (AWD)

A study at the Rice Experiment Station has 
been evaluating this practice for four years.  In 
all AWD treatments, grain yield was the same 
as in the conventional water-seeded 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. This management practice may also reduce 
arsenic uptake and have a positive effect on 
methyl mercury cycling. 

An AWD field experiment with M-206 allowed 
soils to dry for three to 11 days before reflooding. 
Methane emissions were reduced by 40% to 70%.
While these results are encouraging, it is not clear 
how easy this method would be to implement 
at the field scale. This research suggests that 
the “window” during which a field can be safely 
drained without a yield penalty is fairly large—up 
to 12 days, depending on location and soil type. 
More field trials are planned for 2017.

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.

In 2016, research 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 

The goal of this project is to develop fertilizer management guidelines that are economically 
viable and environmentally sound. Research objectives in 2016 were:
 • Determine the potassium status of rice soils.
 • Develop management practices for growing rice under Alternate Wetting and Drying (AWD).
 • Quantify rice yield variability in the Sacramento Valley.
 • Examine midseason nitrogen status and topdressing.

Improving Fertilizer Guidelines  
for a Changing Rice Climate

Project Leader
Bruce Linquist, 

UCCE rice specialist 
Department of Plant Sciences,  

UC Davis

Differences in potassium fixation 
among soils is likely caused by 
differences in soil mineralogy. 
This will be explored in 2017 to 
help refine potassium fertilizer 

recommendations.
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A handheld sensor has been 
evaluated in farmer fields 
to determine the need for a 
midseason nitrogen application. 
Testing the device here is  
UC Davis master’s student  
Telha Rehman.

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. 

Using this data and others from the southern U.S., 
researchers tested a model (ORYZA) to estimate yield 
potential in various regions. ORYZA can adequately 
simulate yield potential for environments similar to the 
southern U.S. after basic calibration of phenological 
parameters. Modeling of environments that experience 
comparatively cool temperatures, such as California, 
required more extensive calibration. To date, this 
research has found:
 • The current maximum yield potential in California 

rice systems with modern medium grains is between 
11,200 pounds/acre to 12,500 pounds/acre, while the 
southern U.S. generally had lower yield potential. 

 • About 85% of this amount is assumed to be attainable. 
Actual statewide yields in California average 
between 7,700 pounds/acre 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 
1,5000 pounds/acre in California.

 • 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 the last two years to assess its potential for use in 
California rice. After analyzing data from 2015 and 2016, 
the handheld sensor was not a good predictor of biomass 
at panicle initiation and of nitrogen concentration in 
the plant. However, it did correlate well with above-
ground nitrogen content and was useful for estimating 
final yields. Thus, the Green Seeker NDVI (normalized 
difference vegetation index) does have potential as a tool 
to determine whether a top-dressed nitrogen application 
is necessary.

Preliminary analysis shows that if nitrogen uptake at 
panicle intiation is 120 pounds/acre to 130 pounds/acre, 
the Green Seeker NDVI value would be 0.75. An NDVI 
value lower than this indicates the need for a top-dressed 
nitrogen fertilizer. Data from this research are 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.
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Two independent experiments were conducted. 
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.

In the first experiment, soils were collected 
from fields at the Rice Experiment Station. Three 
soil cores were sampled from each of eight fields 
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 
in soil without rice plants. More work is needed to 
determine whether the co-application of nitrate in 
soils with rice plants would promote nitrification, 
restrain the mobility of fertilizer nitrogen, and 
decrease 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. Three rice 
cultivars were used in this test—Koshihikari, 
M-206, and M-401. Fertilizer was applied at field-

recommended rates to dried soils collected from 
the Rice Experiment Station. 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 of fertilizer nitrogen increases under 
root influences. However, the magnitude of that 
influence varies greatly 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. Preliminary results 
show a strong link between nitrate assimilation 
and increased rice yields through nitrification of 
nitrogen fertilizer in the root zone.

The mobility of fertilizer nitrogen increases under root influences and varies among rice cultivars.

The goal of this research is to determine whether nutrient use efficiency, yield, 
nitrogen acquisition, and translocation are linked to nitrification of common 

nitrogen fertilizers in California rice systems.

Role of Nitrification in Rice Systems  
to Support Nitrogen Use Efficiency

Project Leaders
William R. Horwath, 

professor 
Department of Land, Air 

and Water Resources

Jorge Mazza Rodrigues, 
associate professor 

Department of Land, Air 
and Water Resources

Preliminary results show a strong 
link between nitrate assimilation 
and increased rice yields through 

nitrification of nitrogen fertilizer in 
the root zone.
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Project Leader
Luis Espino, 

farm advisor 
UC Cooperative Extension 

Colusa, Glenn, and Yolo 
counties

Evaluating Seaweed Extracts as 
Biostimulants in California Rice

Pest control advisers and rice growers have expressed interest in using seaweed 
derived products to improve crop performance and increase yield. Registration 

for these products is not required and thus performance data has been dependent on 
information from technical, sales, and industry marketing representatives. 

Trials conducted the past two 
years and published in studies 
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 project was to evaluate 
commercially available products 
marketed for rice production in 
California.

Products evaluated in six field 
trials included Acadian, Kelpak, 
SuperFifty, Triggrr, Symspray, 
Heasdet, and Megafol—all 
commercially available and used 
to some extent in California 
rice production. The trials 
were managed by cooperating 
growers and were conducted in 
locations that suffered from some 
production constraint—organic 
field with nitrogen deficiency, 
organic field with midseason dry-
down, cold water, reduced stand, 
cool air temperatures, or late 
planting. 

Significant yield increases were observed 
in two trials. In the cool-air temperature trial, 
untreated plots yielded 8,732 pounds/acre. 
The application of Kelpak, SuperFifty, and 
Headset increased yield by 12%, 12%, and 6%, 
respectively. Other products also increased yield 
but not as strongly. In the late-planted trial, the 

untreated plot yielded 7,290 pounds/acre. The 
application of Triggrr increased yield by 8%. It’s 
unclear how these products increase yield.

Another benefit found on two trials was that 
use of these products seemed to reduce the 
incidence of aggregate sheath spot. In untreated 
plots, average incidence of this disease was 12%. 
Application of Acadian, SuperFifty, or HeadSet 
significantly reduced incidence of this disease 
between 47% and 83%.

Overall, the trials conducted indicate that there 
is a benefit to using seaweed derived products. 
More research is necessary to confirm these results 
and to better understand the mechanism by which 
yields are increased under certain conditions.

Interest has grown in using 
seaweed derived products to 
improve crop performance 

and increase yield.

Products evaluated in six field trials included 
Acadian, Kelpak, SuperFifty, Triggrr, 
Symspray, Heasdet, and Megafol—all 
commercially available and used to some 
extent in California rice production.
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Foliar herbicides are often necessary to achieve 
excellent weed control in rice. Applied as a follow-
up, these herbicides not only extend the spectrum 
of weed control but also may help manage 
herbicide resistant weeds. Herbicides available 
for foliar application include Abolish®, Clincher®, 
Granite® SC, Regiment®, RiceEdge®, Shark® H20, 
SuperWham!® or Stam®, Halomax®, and Londax®.

Optimizing Butte® programs
Butte® is granular mixture of benzobicyclon and 
halosulfuron developed by Gowan for use in water-
seeded rice. Efficacy of this herbicide alone or in a 
program was tested in two separate studies.

In the first study, Butte® was tested in a 
continuous flood system at two rates—alone and 
in combination with other herbicides. An into-the-
water application at 1-leaf stage of rice provided 
excellent control of sedges, ducksalad, and 
sprangletop. Control of watergrass varied from fair 
to good, and redstem control was poor. Overall, 
Butte® alone provided a broad spectrum of weed 
control and an exceptional level of crop safety. 
Inclusion of Cerano® into the program provided 
greater overall control of weed species compared 
to Butte® alone but caused a significant crop 
stand reduction. 

Research in 2016 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 near-perfect weed control 
with great crop safety. Following are highlights of 
this work.

Continuous flood systems
Continuous flood systems promote the sup-
pression of weeds such as barnyardgrass and 
sprangletop. Predominant weeds in this system 
include early and late watergrass, followed by 
ducksalad, ricefield bulrush, smallflower um-
brella sedge, redstem, and sprangletop.

Several granular into-the-water herbicides 
are available that can be applied early to provide 
good to excellent control, including Bolero®, 
Cerano®, Granite® GR, Halomax®, Londax®, 
and Shark® H20.  League® MVP is a relatively 
new addition for California rice, and Butte® is 
expected to be available soon. Combining two 
of these herbicides can provide broad-spectrum 
weed control.

Weed Management in Rice

The weed management project seeks to assist California rice growers in developing 
economic and timely broad-spectrum weed control, the prevention and management 

of herbicide resistant weeds, application of new tools and technologies to manage 
weeds in rice, and to comply with personal and environmental safety requirements. 

Project Leader
Kassim Al-Khatib, 

professor and  
UCCE specialist 

Weed Science Program,  
Department of Plant Sciences, 

UC Davis
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A follow-up application of Clincher® or Regiment® 
at 1-tiller stage of rice slightly improved watergrass 
control. A tank mix of SuperWham!® and Grandstand® or 
Granite® SC applied at 1-tiller stage provided exceptional 
control of all weeds, including watergrass and redstem.

In the second study, Butte® was tested in a continuous 
flood system with sequential treatments of Granite® SC 
applied at three rates and three timings. As in the first 
study, Butte® applied at 1-leaf stage provided excellent 
control of sedges, broadleaf weeds, and sprangletop 
but only fair to good control of watergrass and poor 
control of redstem. All rates and timings of Granite® SC 
greatly improved watergrass and redstem control and 
were reasonably safe to rice. Application at 3-leaf stage 
of rice, especially with the highest rate of Granite® SC, 
caused slight stunting compared to Butte® alone or other 
Granite® SC applications. Redstem control was greater 
with early application. 

In conclusion, Butte® followed by Granite® SC offers 
broad-spectrum weed control and excellent crop safety 
in continuously flooded rice.

Efficacy of sequentials and combinations
In studies of the efficacy of sequential and herbicide 
combinations, all Bolero®-based programs applied at the 
2-leaf stage of rice provided good control of watergrass 
and excellent control of sprangletop and smallflower 
umbrella sedge.  

Inclusion of SuperWham!® with a crop oil concentrate 
at the 1-tiller stage or Regiment® at the 5-leaf stage of 
rice slightly improved control of watergrass. A follow-up 
application of SuperWham!® at 2-tiller stage after the 
Regiment® application resulted in excellent control of all 
weed species. 

Bolero®–based programs offer an excellent solution 
for controlling ALS- and/or propanil-resistant smallflower 
umbrella sedge and Clincher®- and Cerano®-resistant 
sprangletop.

Cerano®-based programs at the day of seeding 
provided good control of watergrass and excellent 
control of sprangletop. However, crop injury and stand 
reduction following application were observed. 

A foliar application of SuperWham!® at 1-tiller 
stage following Cerano® was exceptionally effective in 

controlling watergrass, although control of ricefield 
bulrush and smallflower umbrella sedge was poor.

The addition of Shark® H20 at 1-leaf stage, followed 
by Granite® SC or Abolish® and Regiment® at 5-leaf 
stage to the Cerano®-based program, provided good 
control of sedges and excellent control of grasses and 
broadleaf weeds. Cerano® followed by Butte® at 1-leaf 
stage was the most effective among the Cerano®-
based programs in controlling weeds, although crop 
injury and some stand reduction was observed.

Granite® GR at 3-leaf stage controlled a broad 
spectrum of weeds but was not excellent in controlling 
smallflower umbrella sedge. It also lacked efficacy on 
sprangletop and redstem.

League® MVP is a granular formulation of 
thiobencarb and imazosulfuron developed by Valent 
USA. League® MVP alone provided very good control 
of watergrass and exceptional control of sprangletop, 
sedges, and broadleaf weeds with excellent crop 
safety. League® MVP with SuperWham!® improved 
watergrass control compared to League® MVP alone. In 
a rotation with a Butte®-based program, League® MVP 
holds promise for successfully managing Cerano®- or 
Clincher®-resistant sprangletop.

RiceEdge® is a dry, flowable mixture of propanil 
and halosulfuron from RiceCo., LLC. Although it can 
be used in pinpoint flood systems, RiceEdge® was 
tested under continuous flood in a Granite® GR-based 
program. At the 3-leaf stage it provided excellent 
control of most weeds but sprangletop.

Efficacy of Strada®
Strada® is a granular formulation of the ALS-inhibiting 
herbicide orthosulfamuron developed by Ninchino 
America. It was evaluated alone and in combination 
with several other herbicides. Strada® applied alone did 
not provide adequate weed control. However, Strada® 
combined with Regiment® and SuperWham!® controlled 
more than 90% of sprangletop, ricefield bulrush, early 
and late watergrass, and smallflower sedge.

UC Davis professor and Cooperative 
Extension specialist Kassim  
Al-Khatib provides research  
updates to attendees of the 2016 
Rice Field Day. 
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Pinpoint systems
In this system, the field is completely drained during a 
foliar herbicide application (2- to 4-leaf stage of rice), 
exposing more of the weed foliage for control. Prevailing 
weeds in experiments were ricefield bulrush, ducksalad, 
early and late watergrass, smallflower umbrella sedge, 
redstem, and sprangletop. 

Clincher alone at 5-leaf stage was excellent in 
controlling all grasses, including sprangletop. A tank-
mix application of Clincher® and Granite® SC was 
very effective in controlling all weed species except 
smallflower umbrella sedge. Weed control was similar 
with a sequential application of Granite® SC at 5-leaf 
stage and followed by a Clincher® application at 1-tiller 
stage. Clincher® only or Clincher® with Granite® SC 
applications applied late at 1-tiller stage were not as 
effective as the early or sequential applications for 
controlling grasses. 

These programs will not control certain ALS inhibitor-
resistant ricefield bulrush and Clincher®-resistant 
watergrass and sprangletop populations. However, it is a 
good alternative for fields with Cerano®- or thiobencarb-
resistant sprangletop populations.

Not surprisingly, a remarkable reduction in the 
efficacy of watergrass and smallflower umbrella sedge 
control occurred with tank-mixed Clincher® and 
SuperWham!® at 5-leaf stage or at 1 tiller. 

A follow-up tank mix of SuperWham!® and 
Grandstand® at 1-tiller stage after the early tank-mix 
application of Clincher® and Granite® SC provided 100% 

control of all weeds. The addition of Grandstand® is 
particularly important for controlling ALS inhibitor- and/
or propanil-resistant ricefield bulrush and redstem.

Drill-seeded rice
Work continues on optimizing weed management in 
drill-seeded rice, which offers flexibility for herbicide 
use when proximity to nontarget sensitive crops restricts 
aerial applications. 

A field study was conducted with rice planted at 
three depths and glyphosate applied just before the 
first leaf of rice reached the soil. Weeds adapted to 
dryland seedbeds such as sprangletop, barnyardgrass, 
watergrass, and smallflower umbrella sedge were better 
established, whereas aquatic weeds such as ricefield 
bulrush, ducksalad, and redstem were less favored or 
almost eliminated in this system. 

Preliminary data suggest that the majority of the 
initial flush of weeds could be controlled with glyphosate 
without crop damage when rice is planted at a deeper 
depth (1.5 to 2 inches). Greater initial weed control 
with this approach also improved the efficacy of follow-
up applications of contact herbicides. These results 
are encouraging, but further studies with irrigation 
management are needed. 

The study showed deep planting may reduce the 
number of rice tillers, although grain yields were not 
reduced because plants produced heavier grains and 
more grains per panicle.

Several herbicide combinations 
delivered near perfect weed 
control with great crop safety.



Ricefield 
bulrush 

showing 
resistance to 

herbicides 
propanil and 

Strada®.

Herbicide research 
Six separate studies were conducted in 2016 to 
evaluate different formulations, adjuvants, and 
new active ingredients in a continuous flood 
system.

Butte®—A greenhouse study was conducted 
to determine the susceptibility of ducksalad, 
arrowhead, monochoria, water hyssop, and 
redstem to Butte® applied at pre-emergence, 
sprouting, 1-leaf stage, 3-leaf stage, and 5-leaf 
stage. Results showed that all these weeds are 
susceptible to Butte® at all stages except the 5-leaf 
stage.

V10409—This is an experimental herbicide 
from Valent. It was applied at different rates and 
showed excellent weed control and good crop 
safety. 

Rinkosar—Rinkosar is a new Dow Chemical 
Co. active ingredient related to triclopyr 
(Grandstand®) to control ricefield bulrush and 
redstem. A field study showed that it is safe on 
rice and provides excellent weed control. 

PPO inhibitors—Protoporphyrinogen-oxidase 
(PPO) inhibitors are a diverse group of herbicides 
that rice is tolerant to. There is great interest 
in this mode-of-action herbicide to manage 
ALS-, propanil-, and Cerano®-resistant weeds. 
Shark® is the only herbicide in this class currently 
registered in California. Two field experiments 
were conducted to evaluate PPO inhibitors applied 
preplant and postemergence for weed control in 
a continuous flood system. Oxyfluorfen (Goal®) 
applied preplant provided good weed control 
except for ricefield bulrush. 

OR-009, OR 108G—These are new-generation 
surfactants by Oro-Agri Inc. that increase 
the efficacy of propanil (SuperWham!® and 
Stam®). Applied at the 1- to 2-tiller stage, these 
compounds slightly improved early watergrass 
and ricefield bulrush control. In addition, 
smallflower umbrella sedge and ducksalad control 
improved compared to standard adjuvants.
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Sampling resistant weeds
In 2015, weed scientists tested 71 suspected 
herbicide resistant weed populations 
collected by growers and PCAs. In 2016, the 
number of samples increased to 120. This 
includes a spectrum of rice weeds—early 
and late watergrass, smallflower umbrella 
sedge, sprangletop, ricefield bulrush, and 
redstem. 

Most of the samples tested showed 
resistance to at least one herbicide. Several 
samples showed multiple resistance. Each 
grower was provided with an extensive 
report that included photos of plant 
response to different herbicides and 
recommendations for alternative herbicides 
to control resistance.

When enough data has been collected, 
a map will be created to show the 
distribution of herbicide resistant weeds in 
rice production areas to alert farmers about 
potential resistance.
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Protection of Rice  
from Invertebrate Pests

This project focuses on the biology and management of key invertebrate pests 
of California rice. The main pests studied in 2016 were rice water weevil, tadpole 

shrimp, armyworms, and stink bugs. The stink bug research included native species such 
as redshouldered stink bug and invasives like the brown marmorated stink bug. Tadpole 
shrimp studies were conducted to improve management of this pest of increasing concern. 
Monitoring for armyworms increased, as this pest’s numbers have risen in recent years.  
Rice water weevil studies were more successful than in 2015, as weevil populations were 
greater in number. The goal of this work is to refine and advance cost-effective integrated 
pest management practices that protect the rice agroecosystem. 

Project Leader
Larry D. Godfrey, 

extension entomologist
Department of Entomology 

and Nematology, 
UC Davis

Rice Water Weevil
Rice water weevil research was challenging in 
2016 but successful overall. With the uptick in 
acreage compared to 2015, populations of this 
pest increased. As indicated by captures in light 
trap samples (662) taken at the Rice Experiment 
Station, the population was about four times 
higher than in 2015. The spring flight peaked from 
April 29 to May 4 and from May 9 to May 16. 

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. Seven active ingredients were 
examined in 18 treatments in ring plots in 2016.

Coragen® (active ingredient rynaxypyr) is a new 
product registered for California rice in December 
2016. The fact that Coragen® is not a pyrethroid or 
neonicotinoid insecticide is an advantage for the 
rice industry.

Research on Coragen® examined various 
methods of application, timings, and rates. With 

a preflood timing it appears to be a good fit for 
rice water weevil control. This product will be 
a good complement to Belay®, which is best 
used postflood at the 1-3 leaf stage. As per label 
instructions, it appeared in 2015 that Coragen® 
should not be applied more than five days before 
flooding. However, 2016 research treatments 
applied up to 10 days after flooding provided 
slightly better control. A “rescue” application of 
Belay® and Coragen® was successful and offers 
an option for growers if needed. A higher rate was 
used for these applications. Belay® and Coragen® 
will be useful in integrated pest management 
programs for rice. 

Aza-Direct®, a broad-spectrum biological 
pesticide from Gowan, showed promise for rice 
water weevil control. This product was tested 
several years ago in the field with disappointing 
results. Greenhouse studies more recently, 
however, showed good results.

Bacillus thuringiensis spp. galleriae applied 
preflood has good activity on rice water weevil. 



Tadpole shrimp has emerged 
as a significant pest of rice 

in recent years. They are 
a problem because their 

burrowing behavior uproots 
seeds and small seedlings.

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.

Four cultivars (M-202, M-209, L-206, and an 
experimental line) were grown in aluminum rings 
to assess adult rice water weevil scarring, larval 
populations, and yields. Adult feeding scars 
were highest on M-209 and the experimental 
line. L-206 tended to have less adult feeding. 
Larval populations were highest in L-206 and the 
experimental line. Yields were highest in L-206 
and lowest in the experimental line. The RWW 
infestation significantly reduced grain yield in 
L-206, M-202, and M-209 by 20.8% to 68.7%. 
There was no yield loss in the experimental line.

Studies continued on the relationship between 
rice water weevil populations and damage, and 
rice plant response. A moderate level of host 
plant resistance can improve pest management 
and may be achievable through some of the new 
rice varieties with greater tolerance to rice water 
weevil damage. A low infestation of naturally 
occurring rice water weevil hindered a study 
evaluating 12 varieties for tolerance. Small plot 
studies with M-206 were successful. This variety 
appears to have enhanced rice water weevil 
tolerance compared to M-202. M-206 supports 
higher RWW populations, likely resulting in more 
damage and stress to the plant, but this variety 
still manages to protect yield better than M-202.

Nontarget studies
Evaluation of the influence of registered and 
experimental insecticides on populations of 
nontarget invertebrates is a continuing focus of 
research. The rice industry has developed best 

management practices to minimize mosquitoes 
from rice fields while optimizing rice production. 
Using insecticides that have favorable attributes, 
such as low risk to natural enemies and nontarget 
invertebrates, is another way to facilitate a high 
level of natural control of mosquitoes within the 
flooded rice system. 

Studies continued on the fit of insecticides 
used in integrated pest management with respect 
to nontarget species. The preflood applications 
of Belay®, Coragen®, Warrior®, and Bacillus 
thuringiensis spp. galleriae all showed slight 
reductions in numbers of aquatic insects at 11 
and 18 days after treatment. Populations of other 
aquatic organisms (not insects) experienced 
slightly more impact. At 11 days after treatment, 
all four of the insecticides reduced numbers by an 
average of 60% to 100%. Later samples were not 
impacted. 

The 3-leaf stage treatments of Warrior®, 
Coragen®, and Belay® reduced populations of 
aquatic insects at four days after treatment from 
35% to 80%. Sample dates at greater intervals 
after application of these products showed 
minimal impacts on nontarget insects. Minimal 
effects on other aquatic invertebrates were noted 
from the 3-leaf stage application. 

A July application of Warrior® had no impacts 
on nontarget organisms.

Tadpole shrimp
Tadpole shrimp has emerged as a significant pest 
of rice over the last five to eight years.  They are a 
problem in rice because their burrowing behavior 
uproots seeds and small seedlings.

A field study was conducted in ring plots to 
evaluate registered and experimental products on 
tadpole shrimp control. Warrior®, especially with 
preflood timings, and Coragen® preflood provided 
excellent control. Belay® applied at the early 
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post-flood timing (three days after infestation) was 
fairly effective, but the preflood application was not. 
Results with copper sulfate and Aza-Direct® were 
poor. Dimilin® was intermediate in efficacy.

Studies on tadpole shrimp biology and 
management may provide insight into why this 
invertebrate has developed into such a major pest. 
The effects of nitrogen fertilizers, straw burning, 
and tillage on tadpole shrimp are under study by a 
graduate student in the Godfrey lab with support 
from the Department of Entomology and Nematology, 
a SARE grant, and Rice Research Board funding.  

Armyworms
Armyworms were a significant problem for rice growers in 
2015. Conditions resulted in populations starting earlier, 
damage higher than normal, and populations lasting 
from June until September. Registered insecticides 
could not adequately control the outbreak. Intrepid®, an 
insecticide from Dow Agro Sciences, was made available 
under a section 18 label from the federal government 
and continued in 2016. In all cases, the best control was 
obtained when applications were made to small larvae.

Pheromone traps were used in 2016 to monitor both 
species of armyworm that occur in rice growing areas. 
UC farm advisor Luis Espino coordinated this work. Traps 

Extensive trapping for 
armyworms took place in 
rice producing areas in 
2016.
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Extension entomologist Larry D. Godfrey (above) oversaw an extensive program that conducted research on rice water 
weevil, tadpole shrimp, armyworms, and stink bugs. Sadly, he passed away in April 2017. Thank you, Larry, for your 
many years of service to the rice industry.
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In 2016, redshouldered stink bugs were caged on 
seven rice varieties (M-202, M-206, Calmochi-203, 
Calhikari-202, S-102, L-206, and M-209) to determine 
the amount of kernel damage at harvest. Damage 
ranged from a low 1.5% in Calmochi-203 to a high 
of 8% in Calhikari-202. Grain weights per panicle 
were more severely and erratically impacted. 
L-206 suffered no yield loss, whereas M-206 and 
Calhikari-202 suffered more than 40% yield losses 
due, most likely, by adult stink bug feeding causing 
kernels to abort.

In a separate study of Conchuela stink bug on 
M-206, damage to developing panicles and kernels 
was similar to redshouldered stink bug (3.4% pecky 
rice and a yield loss of 10.9%). 

Research also examined a well-timed, late-
season insecticide application on stink bug damage 
to panicles and grain. Warrior® applied in mid-
September reduced kernel damage by 80% and 
increased grain yield by 100 pounds/acre compared 
to the untreated. 

The brown marmorated stink bug is a relatively 
new invasive species. A greenhouse study of this 
pest examined damage at four different stages of 
rice plant growth—pre-grain fill, early grain filling 
(milk stage), panicle ripening (soft dough stage), 
and panicle maturation (hard dough). Adults 
of this species inflicted significant damage to 
developing panicles. Kernel weights per panicle were 
significantly reduced at the early and milk stages, 
but no effects were seen at the two later stages. 
Yield was negatively affected but only during the two 
early stages of rice development. The percentage of 
blank kernels was more than twice as high (18%) with 
exposure at the early stage of development, but no 
effects were seen at the milk, soft dough, and hard 
dough stages. 

Pheromone traps (different traps than used for 
armyworm moths) captured no brown marmorated 
stink bugs near rice fields in the Sacramento Valley 
in 2016, but this pest is common in several urban 
locations in California.

Another potentially damaging invasive pest, the 
bargada bug, was not observed in rice areas in 2016. 
It was last seen feeding on mustard plants growing 
on a levee in Butte County in 2015.

were placed adjacent to rice fields in Glenn, Colusa, 
Richvale, Knights Landing, Yuba City, Gridley, and 
in the Sacramento–San Joaquin Delta production 
area. Three traps for each species were used at each 
location. Moths were collected weekly and counted, 
with numbers posted to the UC Rice website. 
Sampling took place from July through September.

This method for sampling armyworm moth 
populations showed promise as an integrated pest 
management tool. True armyworm was found at all 
seven locations and was more commonly collected 
than the western yellowstriped armyworm. Peak 
levels of true armyworm moths were in mid-August. 
The western yellowstriped species was most 
common in traps near Knights Landing, but the 
peak capture was not nearly as distinct as for the 
other species. It also was slightly more common in 
the Delta location relative to the true armyworm 
species. Numbers of captured moths were three to 
four times that seen in studies conducted between 
2003 and 2005 in Butte and Colusa counties. At the 
peak, 80 moths per day were captured in 2016. Data 
collected from pheromone traps could help with 
defining the optimal time to increase field sampling 
for armyworm eggs and/or small larvae.

Stink bugs
Stink bugs are flourishing in California. Several 
species of native stink bugs, as well as invasive 
species, are threats. Research on native stink bugs 
and their impact on rice quality has been conducted 
since 2013. 

Redshouldered stink bug is the most common 
native stink bug in California rice fields. Studies from 
2013 and 2014 documented the damage potential 
of this species by caging adult stink bugs on M-202 
rice panicles at three stages of development. Kernel 
damage of up to 5.5% was noted, as well as a 
reduction in kernel weight produced per panicle. 
Research in 2014 expanded to include a range of rice 
varieties and to investigate late-season stink bug 
populations in grower fields across the Sacramento 
Valley.  Studies on several rice varieties continued in 
2015 and 2016.

In a 2014 survey of 49 rice fields in six counties, 
redshouldered stink bug, southern green stink 
bug, and consperse stink bug were commonly 
found, along with conchuela stink bug and three 
unidentified species. Conchuela stink bug was 
common in 2016 and was evaluated for damage to 
rice panicles.

Stink bugs are flourishing in 
California. Several species of 
native stink bugs, as well as 
invasive species, are threats.



Research in 2016 focused on the herbicide 
League® MVP (thiobencarb and imazosulfuron), 
the herbicide Butte® (benzobicyclon), and the 
insecticide Coragen® (chlorantraniliprole). 
In addition, a model was tested that predicts 
the concentration of thiobencarb (Abolish® or 
Bolero®) leaving rice fields.

League® MVP 
League® MVP made its commercial debut in 
California rice in 2013. League® MVP is registered 
for pre- and post-emergent use in rice to control 
many sedges, grasses, and broadleaf weeds in 
flooded fields. The formulation contains two active 
ingredients—thiobencarb and imazosulfuron—
that target different plant metabolic pathways. 

Thiobencarb also is the active ingredient in 
Abolish® and Bolero® and is a valuable tool for 
controlling different rice weeds. Imazosulfuron is 
a sulfonylurea herbicide. This class of herbicides 
is valued for broad-spectrum effectiveness, low 
mammalian toxicity, and good crop selectivity.

Research in 2016 characterized the aerobic 
and anaerobic microbial degradation of the active 
ingredients in League® MVP. The goals of this in-
vestigation were to determine the influence of the 
combined application of thiobencarb and imazo-

sulfuron on their respective degradation in flood-
ed soil and to compare their degradation products 
in soil and water on the day of application and 
after a 30-day holding period.

The presence of both thiobencarb and imazo-
sulfuron did not alter the microbial degradation 
rates of either chemical. Germination inhibition 
observed with experiments on lettuce immediately 
after League® MVP application was not seen at the 
end of the 30-day holding period. Thus, in flooded 
rice fields imazosulfuron concentrations should 
rapidly decline because of degradation through 
both sunlight and soil microbes, resulting in no 
observable herbicidal activity after 30 days.

This study supports current registration of 
League® MVP on rice, as well as the implementa-
tion of the state required 30-day holding period. 
Future studies should examine the commercially 
available formulation, which may display different 
partitioning behavior.

Butte® 
Herbicide resistance has been increasing in 
California rice fields, with several weed species 
already resistant to one or more currently used 
rice herbicides. Use of herbicides with alternative 
modes of action such as Butte® (active ingredient 
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Environmental Fate  
of Rice Pesticides

The goal of this project is to characterize how pesticides important to rice 
culture dissipate under California rice field conditions. These chemical 

compounds break down in the environment through interaction with soil, 
water, and air, as well as by degradation from sunlight and microbial activity. 
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benzobicyclon) could help combat herbicide 
resistant California rice weeds.

Butte® inhibits an enzyme involved in the 
biosynthesis of chlorophyll. This compound is a 
“pro-herbicide” that reacts with water to release 
the active herbicide, benzobicyclon hydrolysate 
(BH), into water, plants, and soil. Butte® currently 
is undergoing registration with the California 
Environmental Protection Agency. Butte® would 
be the first 4-HPPD-inhibitor and pro-herbicide 
approved for use on California rice fields. 

Preliminary results from 2016 laboratorry 
experiments suggest that soil degradation of BH 
does not appear to be rapid, although aerobic 
conditions and higher temperatures increase BH 
dissipation. More soils should be tested in future 
studies to increase understanding of BH behavior 
in soil. Future work will focus on BH sorption using 
soil from this study. Photolysis and microbial 
degradation of BH also will be examined.

Coragen®

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 conventional pesticides on 
nontarget species, including mammals, birds, honey 
bees, and crayfish. However, it exhibits high toxicity 
toward some aquatic invertebrate species.

Coragen® was registered by the U.S. 
Environmental Protection Agency for agricultural 
use in 2008 and by the California Environmental 
Protection Agency in 2016. 

Chlorantraniliprole has the potential to be persistent 
and mobile within both terrestrial and aquatic 
environments. Volatilization is not expected to play a 
part in dissipation from application sites. Research in 
2016 examined the behavior of chlorantraniliprole in 
soil under rice field conditions. 

Preliminary soil–water partitioning results 
indicate that application of chlorantraniliprole 
directly to soil could result in persistent residues 

in field soils. Further research should be 
conducted to determine the environmental fate 
of chlorantraniliprole under simulated California 
rice field conditions in three areas: soil adsorption 
and desorption; photolysis on soil surfaces under 
dry and flooded conditions; and aerobic and 
anaerobic soil microbial degradation.

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®, a granular herbicide, is 
applied to field water post-flood. 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 the soil properties at the site of 
application.

A model capable of predicting thiobencarb 
concentrations downstream from rice fields based 
on application practices and water flow has been 
developed using two pre-existing models devel-
oped by the U.S. Environmental Protection Agency 
and by the U.S. Geological Survey. The model fits 
well for the Colusa Basin drain. However, without 
better monitoring data for the Sacramento River, 
the model’s predictions cannot be validated.

Future work should assess the sensitivity of the 
model to changes in different input parameters, 
as well as its ability to continue to predict 
thiobencarb accumulations over multiple years.
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The data indicate that 
bispyribac-sodium may have 

the potential to slow the growth 
of young walnuts. However, 

walnut trees were able to recover 
throughout the growing season.

Simulating herbicide drift
Field studies in an experimental walnut orchard 
were first conducted in 2015. Validation 
experiments took place in June 2016 in another 
block of walnuts.

The herbicides tested included bispyribac-
sodium (Regiment®), bensulfuron (Londax®), 
and propanil (SuperWham!®) applied at four 
rates resembling plausible drift (0.5%, 1%, 3%, 
and 10% of product use rate). 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 
will be collected from trees treated in 2016.

All the herbicides caused visual symptoms on 
leaves, while bispyribac-sodium and bensulfuron 
appeared to delay growth of the young walnut 
leaves and shoots. Bispyribac and bensulfuron 
caused similar damage to the walnuts: interveinal 
chlorosis, leaf deformation, stunted and distorted 
growth of shoots. Propanil caused significant 
damage only when applied at 10% of the use rate 
and caused leaf chlorosis, crinkling, and necrosis. 
Symptoms were first noticed three days after 
application and became more evident seven days 
after treatment.  Although recovery was noted at 
28 days after treatment, chlorotic spotting and 
distorted shoot growth caused by bispyribac-
sodium and bensulfuron was apparent four 
months after treatment. The data indicate that 
bispyribac-sodium drift may have the potential 
to slow the growth of young walnuts. However, 
walnut trees were able to recover througout the 
growing season. The effect of these symptoms on 
the next year’s nut production is still not clear and 
needs to be established in further studies.

Simulating multiple exposures
Field studies in an experimental walnut orchard 
were first conducted in 2015. A validation field 
trial was conducted in 2016. The objective of this 
study was to simulate multiple occurences of 
herbicide drift.

Project Leader
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Understanding the Effects of  
Rice Herbicide Drift on Walnuts

The overall objective of this project is to determine the effects of rice herbicide drift 
on walnuts, an issue that appears to be more widespread as walnut acreage increases 

in the Sacramento Valley and as new, low rate rice herbicides enter the market. Specific 
objectives for 2016 research included:

 • Evaluate symptoms and growth effects of simulated herbicide drift on young walnut 
trees in a field study.

 • Compare symptoms and growth response of young walnuts exposed to single or 
multiple exposures of simulated herbicide drift.

 • Determine the effect of herbicide droplet application on walnut leaves and flower 
buds.

 • Evaluate the effects of simulated herbicide drift on walnut quality and yield.

 • Determine the residue persistence of the herbicide bispyribac-sodium in walnut 
leaves and the minimum herbicide concentration required to cause visible injury to 
walnut leaves.
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compare the effects caused by leaf application with 
those caused by bud application.

Bispyribac-sodium was applied at three rates: 1, 
3, and 5 one-microliter droplets of concentations 
similar to a label rate application. On each branch, 
10 leaves were selected and the treatment applied 
to a maximum of five leaflets per branch. In another 
experiment, bispyribac-sodium at three different 
concentrations was applied directly to axillary buds 
as one-microliter droplets.

Flower formation and shoot development of 
treated branches will be monitored in summer 2017.

Drift and walnut quality
A pilot study was initiated in summer 2016 to 
evaluate the effects of herbicide drift on walnut 
quality in a three-year-old orchard. Walnuts were 
harvested in October and will be tested for quality, 
with particular attention given to kernel color and 
fatty acid content.

Bispyribac-sodium persistence
A pilot analytical study begun in April 2016 seeks to 
determine detection limits for bispyribac-sodium in 
walnut leaves. The chemical was applied on walnut 
nursery stock in a greenhouse at six levels ranging 
from zero to 100% of label rates. Leaf samples 
were collected at 10 and 20 days after treatment 
application and stored in freezers for later analysis.  
This information will help establish the minimum 
herbicide concentration required to cause visible 
injury to walnut leaves.

Bispyribac-sodium was applied four times at 
weekly intervals at two different rates (0.5% and 
3% of product use rate). The first application was 
made June 1, 2016. Injury estimates and values 
were collected at each treatment application, and 
at one, two, three, four, and seven weeks after 
the last application. Prior to the first treatment 
application, three actively growing shoots per tree 
were marked and the number of leaves per shoot 
was counted. Leaf counts were conducted at each 
assessment time.

Multiple exposures to bispyribac-sodium 
caused significant damage and delayed growth of 
young walnut leaves and shoots. The symptoms 
observed were similar to the ones observed in the 
single-drift exposure trial but more pronounced. 
In particular, the maximum level of injury caused 
by four applications of bispyribac-sodium at 3% of 
the rice use rate was similar to that caused by one 
application at 10% in the single-exposure study. A 
trend toward reduced shoot growth after multiple 
drift exposure also was observed. The number of 
leaves counted in the shoots treated with bispyribac 
at 3% of the use rate was smaller than the number 
of leaves counted in the untreated shoots.

Effect on walnut leaves and buds
In July 2016 a field study was initiated in a four-
year-old walnut orchard and replicated in a different 
location at UC Davis. The purpose of this study 
is to evaluate the direct impact of microdroplet 
application of bispyribac-sodium on walnut and 
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Mercury is naturally present in some soils of the 
Sacramento Valley. Under flooded conditions 
in California rice fields, mercury forms methyl 
mercury and becomes more bioavailable. 
Objectives in this research project include:

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

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

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

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

 • Identify underlying causes where methyl 
mercury poses a risk.

Since 2013, when this project began, three 
studies have been completed. These include 
using historical data to assess methyl mercury 
export from rice producing areas; determining 
mercury budgets at the field scale; and using 
Alternate Wetting and Drying (AWD) irrigation as 
a potential mercury management practice.

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 Sacramento Valley 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 area, 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 area. 
Mercury 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.

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

AWD irrigation
A controlled, replicated experiment was 
conducted to determine how AWD affects methyl 
mercury 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.

Project Leader
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UC Davis

Sacramento Valley rice fields 
have lower levels of mercury in 
soils and irrigation water than 
rice fields in the Yolo Bypass 
and Cosumnes River area.

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

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

Mercury in California Rice Systems
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In 2016, four irrigation practices—three AWD 
treatments and one continuous flood—were 
conducted at the Rice Experiment Station. In 
addition to AWD safe, the AWD treatments were 
repeated from the previous year’s research. Target 
soil moisture content levels were 25% and 35%, 
respectively. 

Soil and water samples
Water and soil samples have been monitored and 
analyzed for arsenic uptake in rice plant tissues. 
As in the previous year, total arsenic levels in 
soil did not significantly change throughout the 
growing season across treatments or between the 
2015 and 2016 growing seasons. 

Arsenic concentrations in water samples were 
lower than the California regulation level (10 
nanograms/gram). Trends regarding total and/
or different species of arsenic in water samples 
from the different treatments could not be drawn 
because the low concentrations are close to the 
detection limit.

Rice plant tissues
Trends of total arsenic uptake in rice plants were 
similar in 2015 and 2016. When rice fields were 
drained to 25% or 35% soil moisture (the AWD 
treatments), bioaccumulation of arsenic from 
soil into plant tissues was effectively hindered. 
There was no significant difference between these 
treatments. However, AWD safe did not minimize 
arsenic uptake and was similar to the continuous 
flood treatment. Continuous flood facilitated 
uptake of arsenite, arsenate, and DMA (an organic 
form of arsenic). Arsenite is the most toxic and 
bioavailable species of arsenic.

As in 2015, arsenic levels in paddy rice 
grains were well-correlated with the arsenic 
accumulation processes in roots and shoots. 
Grains harvested under continuous flood and 
AWD safe contained approximately twice 
the total arsenic as the AWD treatments. 
Grains harvested under continuous flood also 
contained more arsenite and DMA than the AWD 
treatments. AWD safe does not minimize arsenic 
uptake in rice plants. No difference was observed 
between arsenic levels in rice grains from AWD 
safe and continuously flooded rice.

Cadmium and AWD
Cadmium is another naturally occurring element 
of concern. Samples and preliminary results 
from 2016 indicate that AWD treatments can 
lead to increased cadmium uptake in rice plants. 
Cadmium levels in paddy rice grains correlated 
well with plant tissue uptake results, although 
none of the values exceed international food 
safety standards. Because cadmium and arsenic 
have opposite trends with respect to irrigation 
management practices, a balance should be  
made to minimize their accumulation in rice.

Summary
AWD treatments under 25% and 35% soil 
moisture demonstrate great potential as 
effective management strategies to reduce 
arsenic levels in rice. Since this project was 
funded off-cycle, some analysis from 2016 work 
remains to be completed. In future work, brown 
rice and polished (white) rice will be analyzed 
and arsenic speciation in rice plant tissue will 
be studied. 

The objectives of this project were to: (1) evaluate arsenic speciation (organic and inorganic 
forms) and uptake under Alternate Wetting and Drying (AWD) irrigation management 

conditions, and (2) explore an additional practice (AWD safe) that may be more practical for 
growers. With AWD safe, the paddy is drained to a water level of 15cm below the soil surface, and 
thus the soil remains wetter than typical AWD practices. The aim of this research is to provide 
realistic recommendations to help farmers minimize arsenic uptake during rice cultivation.

Arsenic Speciation in Rice and the Environment
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The goal of this project is to identify opportunities to conserve water in California rice 
systems. Objectives of 2016 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.

Identifying Opportunities for 
Improving Water Use Efficiency

Air/water temperature trials
Air temperature is commonly used to predict 
plant development in most crops, including rice. 
However, in flooded rice systems, the growing 
point of the plant is under water until mid-
booting stage—about 70 days into the season. 
Thus, it is reasonable to expect that water 
temperature is a more important driver of crop 
development. 

Two sets of field trials with M-206 were 
used to evaluate the effects of air and water 
temperature on rice crop development. The 
first was a cold water gradient study conducted 
in 2014 to directly analyze the effect of air 
and water temperature on crop development. 
Transects were set up to monitor soil, water, 
and air temperature with sensors located at the 
inlet to the first check. At each sensor, the date 
of panicle initiation, heading, and maturity were 
recorded. 

The second set of field trials was part of the 
statewide variety trials. Data from this trial were 
used to validate a model developed from the 
cold water gradient study. Results showed that 
panicle initiation, heading, and physiological 
maturity can be delayed. This confirms that water 
management—because of differences in air and 
water temperature—plays an important role in 
rice development and degree-day accumulation. 
Rice crop development models based solely on 
air temperature will always be somewhat limited 
in their accuracy.

Salinity in no-spill systems
Drought conditions in recent years resulted in 
some water districts requiring no-spill water 
management. Given interest in evaluating 
opportunities to reduce water use, research was 
begun in 2014 to evaluate the impact of no-spill 
water management on salinity buildup and yield. 

Project Leader
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This research expanded in 2015 with different fields 
under both no-spill management and continuous 
flow-through systems.

Researchers evaluated soil salinity and how it 
varies across the season and affects rice yields. 
Results show a consistent pattern of floodwater 
salinity buildup throughout the season. Floodwater 
salinity levels are highest early in the season and 
farthest from the inlet.

In most California rice fields, salinity should not 
be a problem, as electroconductivy (a measure of 
salinity) in soil and water is low. In fields that receive 
high salinity water or have soils that are high in 
electroconductivity, maintenance flows may help 
somewhat. A better strategy is to have open weirs 
on either side of the field and switch occasionally 
during the season. This helps flush out stagnant 
water that may be higher in salinity.

The pattern of soil solution salinity varied more 
than the pattern of floodwater salinity, and largely 
depended on the initial level of salinity in the field.  
Soil solution salinity was consistently greater in 
bottom checks.

Monitoring salinity
Eleven field sites throughout the 
Sacramento Valley were monitored 
weekly for salinity during the 2014 and 
2015 growing seasons. In each field, 
three study plots were established in 
each of the top, middle, and bottom 
checks—one plot close to the water 
inlet, one plot in the middle, and one at 
the farthest point from the water inlets.

Water salinity measurements were 
collected at all plots. Soil solution 
salinity measurements were collected 
at circled plots. The solid line and arrow 
on the left represents the distance 
down the field, while the dashed line 
and arrow in the middle represents the 
distance across the field.

A1 A2 A3

B2 B3B1

C2 C3C1

Inlet

Outlet

Groundwater/floodwater study
During the 2016 season, researchers monitored 
subsurface hydraulic head gradients in three 
commercial rice fields to better understand 
groundwater/floodwater interactions. Monitoring 
wells called piezometers were installed at three 
different depths in the soil profile to monitor 
hydraulic head at each depth. The direction of 
water flow can be determined based on differences 
in hydraulic head.

Percolation and seepage rates at all three 
fields were found to be very low. Percolation rates 
averaged about 1.1 inch and seepage rates about  
1.8 inch for the season. However, the rates were 
highly variable.

Results from the piezometer studies also 
indicated that surface floodwater moved downward 
during the season, indicating percolation. There 
was also indication that in some fields water was 
moving upward from the groundwater table.

The objective of this study was to determine 
if the height of the groundwater table influenced 
the rates of percolation. There were too few sites 
in 2016 to get a good sense of this. However, the 
methodology has been established and more 
research in this area is planned for 2017.

A better strategy is to have open weirs 
on either side of the field and switch 

occasionally during the season. This helps 
flush out stagnant water that may be 

higher in salinity
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Cellulose nanofibrils
Research in 2016 expanded into developing a 
new and optimized process to create an array of 
novel nanomaterials and unique performance 
products. Rice straw cellulose was chemically 
modified with sodium periodate oxidation and 
then mechanically blended into nanocellulose 
with increased surface charges. Numerous 
nanocelluloses, including rod-like cellulose 
nanocrystals and super-thin and long cellulose 
nanofibrils with “tunable” surface chemistries, 
have been fabricated. 

Cellulose and silica
A second objective of 2016 research was to utilize 
two major rice straw components, cellulose and 
silica, to take advantage of their complementary 
resilency and thermal qualities. Cellulose 
nanofibril (CNF) silica aerogels were fabricated 
through an aging of aqueous CNF-sodium silicate 
mixtures. CNF-silica aerogels have been prepared 
at 9:1 to 4:6 CNF-silica compositions.

Optimizing aerogels
Among the dozens of these biobased building 
blocks, nanocellulose aerogel technolgies are the 
most advanced and developed. These aerogels 
are amphiphilic superabsorbents of both water 
and oils at up to 350 times and can be further 
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. This technology is 
part of a provisional patent filed by the university 
in September 2016. Proof of concept has been 
demonstrated for oil–water separation, water 
purification, organic solvent cleanup, catalysts, 
films, and coatings. 

Adapting green technology
Work also continued on a high-pressure process 
called aqueous counter collision (ACC) that can 
fully convert rice straw cellulose in aqueous 
suspension without extra chemicals. Cellulose 
nanofibrils developed with this “greener” 
technology are much more thermally stable than 
those created with other approaches.

This project is developing efficient processes to isolate rice straw components and 
convert them into new nanomaterials and advanced functional products. The goals for 2016 

research were to continue the development of scalable processes and to expand functional 
applications of nanocellulose and porous carbon products. Specific research objectives were:

 • Diversify cellulose nanofibril structures using sodium periodate oxidation and mechanical shear.
 • Establish the simultaneous isolation and utilization of cellulose and silica in rice straw.
 • Optimize aerogel properties and processes into scalable industrial/consumer products.

Novel Nanomaterials and 
Performance Industrial Products

Project Leader
You-Lo Hsieh, 

professor
Division of Textiles  

and Clothing, 
UC Davis

Cellulose nanofibrils developed 
with “greener” technology are 
much more thermally stable 

than those created with other 
approaches.
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Mechanical engineering 
professor Joseph Greene (left) is 
joined by Chico State University 
students.

Project Leader
Joseph P. Greene, 

professor
Department of Mechanical 

Engineering and 
Manufacturing Technology,
California State University, 

Chico

The objectives of this research project have been to design an insulation panel 
that included rice straw as a component, to analyze its insulation and other physical 

properties, and to evaluate its technical and economic feasibility. 

Researchers manufactured composite boards 
from rice straw and PHA and PLA biodegradable 
plastics. These composite boards possess 
properties similar to conventional polystyrene 
particleboard without toxic volatile organic 
compounds such as benzene.

Research in 2016 improved upon the processing 
steps for mixing rice straw with the PHA and PLA 
plastics. Rice straw laminate biocomposite boards 
were produced with a mixture of 30% PHA, 30% 
PLA, and 40% rice straw. The addition of the PLA 
plastic helped reduce overall costs. 

Flat, thin sheets from this mixture were 
combined with a PLA foam core to produce 1-inch 
thick biobased structural insulating panels. These 
biocomposite insulation panels were tested 
to measure thermal conductivity and thermal 
loading for insulation properties. The biobased 
panels showed insulating properties equivalent 
to a 1-inch thick wood and Styrofoam™ structural 
insulating panel. The biobased panel weighed 
140% more than the wood and Styrofoam™ 
panel—a large improvement from the previous 
year when the rice straw biocomposite weighed 
more than three times as much as a Styrofoam™ 
based panel.

The biocomposite material was also tested for 
tensile, impact, and physical properties.  Results 
showed that the biocomposite panel had 24% 
lower tensile strength and 27% higher tensile 

Development of Rice Straw Based 
Insulation Panels

modulus than the PHA/PLA plastic alone. The 
results also show that the biobased rice straw 
composite had 33% less elongation and 63% 
less impact strength. Thus, the inclusion of 
rice increases the modulus of PHA plastic but 
rerduces the elongation, tensile strength, and 
impact strength.

A biocomposite pellet was manufactured 
under steady-state conditions and could 
be produced with typical plastic molding. 
The technical process uses existing plastics 
manufacturing technology with a reasonable 
cycle time. Thus, the production of a PHA/PLA 
and rice straw composite is technically feasible.

The cost of manufacturing the biocomposite 
panel was compared to a commercial Styrofoam™ 
insulation panel. If the panels are constructed 
with 100% PLA, rather than including the higher-
priced PHA, the panels could be manufactured for 
approximately the same cost as the Styrofoam™ 
based panel. Thus, the biocomposite panel is 
economically feasible.

The panels could be 
manufactured for 

approximately the same cost 
as the Styrofoam™ based 

panel.



Left, rice straw fibers being rinsed 
after a 24 hour immersion in water. 
Above, a cross section of a concrete 
sample containing 2% rice straw 
fiber.
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All experiments were conducted at California 
State University, Chico. Rice obtained from a local 
farm was ground to produce fibers at two different 
particle sizes. The fibers were added to concrete 
at four different dosages (1%, 2%, 3%, and 5% of 
cement weight). Rice straw fibers were washed 
and dried to make sure they didn’t absorb water 
from concrete. Twenty different concrete mixes 
were made.

Results indicate that the addition of rice 
straw fibers has negative impacts on concrete 
properties. Concrete containing rice straw fibers 
had higher drying shrinkage and lower strength. 
Retreating rice straw with water did not help solve 

this problem. Using finer rice straw fibers did not 
help reduce drying shrnkage or increase concrete 
strength.

The idea for this research project was that 
rice straw fibers would act as an internal curing 
agent to reduce concrete drying shrinkage. 
However, rice straw fibers were squeezed during 
concrete mixing, causing them to release water 
when mixed. This increased the water content 
of the concrete, reducing concrete strength and 
increasing drying shrinkage.

More experiments will be made by adding dry 
rice straw fibers to concrete. Although not funded, 
the project leader believes it is important to 
complete this part of the research.

The goal of this two-year project was to determine whether rice straw fibers could be used 
as an internal curing agent to decrease concrete drying shrinkage. Objectives for year two 

of the study included:
 • Investigate impacts of rice straw fiber addition on concrete shrinkage cracking.
 • Find an optimum level of rice straw fiber addition in concrete.
 • Characterize impacts of warm water-treated rice straw on concrete shrinkage cracking.

Utilization of Rice Straw Fibers as an 
Internal Curing Agent for Concrete

Project Leader
Feraidon Ataie, 

program coordinator
Concrete Industry 

Management Program, 
California State University, 

Chico



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

Increasing the Feeding Value  
of Rice Straw

Project Leader
Josh Davy, 

farm advisor 
UC Cooperative Extension 

Glenn, Colusa, and  
Tehama counties

Previous research found that feeding straw baled 
directly behind a rice harvester at more than 50% 
moisture fed very well but became difficult to 
handle within a month. In the 2015–2016 season, 
the research team evaluated straw quality and 
palatability at a lower moisture content 
 (15% to 25%).

Straw was allowed to dry for a day after 
harvest so that it could be flail-chopped. Chopped 
straw was raked into rows for baling and spray 
treatments were applied directly ahead of the 
baler. Immediately after baling, straw was hauled 
adjacent to the field and stacked for treatment.

Four treatments included a control, a “positive” 
control with ammonia, VS3 bacteria at baling, and 
a 50-50 blend of molasses combined with VS-3. 
The ammonia treatment was applied at a rate 
of 2% based on the weight of the stacked straw. 
Treatments were allowed to cure for 30 days and 
then hauled to the UC Sierra Foothill Research and 
Extension Center for evaluation.

The straw was fed to 80 yearling steers. Each 
treatment pen had 10 cattle. A grain ration to 
accommodate straw quality included flaked or 
rolled corn, cottonseed, and calcium carbonate.  
The supplemental grain ration was fed at a rate 
of 6.6 pounds per head per day.  Consumption 

and waste of straw was tracked and cattle were 
run through a chute every 30 days to record body 
weight, body condition score, hip height, and 
withers width. Observations were recorded for 90 
days.

Neither body condition score nor hip height 
was affected by any of the treatments. In other 
words, cattle gained height at about the same 
rate regardless of diet. However, the ammoniated 
treatment increased cattle two-dimensional 
frame compared to the other treatments.  The 
ammoniated treatment substantially increased 
cattle average daily body weight—about half a 
pound more per day than the other treatments. 
Though not significantly different, the bacteria 
treatment had higher values—unlike the previous 
year’s research on straw taken at higher moisture 
levels.

Economically, the bacteria treatment and the 
molasses treatment are not recommended for dry 
straw. However, ammonia-treated dry straw would 
be a good range supplement for cattle during 
moderate to high hay price years because of the 
substantially better cattle performance. Even with 
depressed beef cattle prices, the additional cost 
(about $17/ton) would be recouped and lead to 
increased options for cattle feeders.
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BORCHARDT, CORONA & FAETH
Accountancy Corporation
1540 E. Shaw Ave., Ste. 118

Fresno, California 93710-8008

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

We have audited the accompanying financial statements of the California Rice Research Board, which comprise the 
statements of financial position as of August 31, 2016 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, 2016, 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
_______________, 2017
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BORCHARDT, CORONA & FAETH
Accountancy Corporation
1540 E. Shaw Ave., Ste. 118

Fresno, California 93710-8008

CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF FINANCIAL POSITION
AUGUST 31, 2016

The accompanying notes are an integral part of these financial statements.

General Reserve
Fund Fund

ASSETS
   Current Assets:
      Cash and Investments (Note 2) 1,223,498$    8,381,349$    
      Assessments Receivable 315,209         -                     
      Interest Receivable -                     9,850             
      Other Receivables 17,800           -                     
      Due From General Fund -                     115,417         
      Prepaid Research Expenses 69,305           -                     

1,625,812      8,506,616      
   Non-Current Assets:
      Equipment, Net of Accumulated Depreciation (Note 3) 533                -                     
         

Total Assets 1,626,345$    8,506,616$    

LIABILITIES AND NET ASSETS
   Current Liabilities:
      Accounts Payable 9,330$           -$                   
      Due To Reserve Fund 115,417         -                     
      Research Contracts Payable 18,835           -                     

   Total Liabilities 143,582         -                     

   Net Assets:
      Unrestricted 1,482,763      8,506,616      

Total Liabilities and Net Assets 1,626,345$    8,506,616$    



CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF ACTIVITIES
FOR THE YEAR ENDED AUGUST 31, 2016

The accompanying notes are an integral part of these financial statements.

General Reserve
Fund Fund

REVENUE
   Assessments 3,226,118$    -$                   
   Interest -                     48,822           
   United Tariff-Rate Quota Management Funds (Note 4) -                     2,810,556      
   Miscellaneous 17,800           -                     

Total Revenue 3,243,918      2,859,378      

EXPENDITURES
   Administrative:
      Administrative Services 134,351         -                     
      Administrative Tax and Insurance 12,216           -                     
      Annual Report 25,709           -                     
      Audits 10,625           -                     
      Depreciation 474                -                     
      Insurance 1,640             -                     
      Management Benefits 14,952           -                     
      Memberships 1,000             -                     
      Newsletter 2,573             -                     
      Office Equipment 649                -                     
      Office Facilities 4,862             -                     
      Office Services 275                -                     
      Office Supplies 5,715             -                     
      Postage 3,592             -                     
      Telephone 1,352             -                     
      Travel and Meetings 8,270             -                     

228,255         -                     
   Program:
      Research (Note 5) 2,217,522      1,200,000      
      Endowment (Note 7) -                     500,000         
      UCCE Presidential Match (Note 8) -                     500,000         

2,217,522      2,200,000      
   Departmental:
      Marketing Branch 39,276           -                     
      Market Enforcement 9,000             -                     

48,276           -                     

Total Expenditures 2,494,053      2,200,000      

Increase (Decrease) in Net Assets 749,865         659,378         

NET ASSETS AT BEGINNING OF YEAR 732,898         7,847,238      

NET ASSETS AT END OF YEAR 1,482,763$    8,506,616$    

42 The 48th Annual Report to the California Rice Growers



Independent Auditors’ Report  43

CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF CASH FLOWS
FOR THE YEAR ENDED AUGUST 31, 2016

See auditors’ report and notes to financial statements.

General Reserve
Fund Fund Totals

CASH FLOWS FROM OPERATING ACTIVITIES
   Increase (Decrease) in Net Assets 749,865$      659,378$      1,409,243$   
   Adjustment to reconcile change in net assets to net
      cash provided by (used for) operating activities:
      Depreciation 474               -                    474               
      (Increase) Decrease in:
         Assessment Receivable (17,882)         -                    (17,882)         
         Interest Receivable -                    (4,598)           (4,598)           
         Other Receivables 3,050            -                    3,050            
         Due From General Fund -                    (115,417)       (115,417)       
         Prepaid Research Expenses (33,055)         -                    (33,055)         
      Increase (Decrease) in:
         Accounts Payable (6,025)           -                    (6,025)           
         Due to Reserve Fund 115,417        -                    115,417        
         Research Contracts Payable (20,834)         -                    (20,834)         

NET CASH FLOWS PROVIDED BY OPERATING 791,010        539,363        1,330,373     
   ACTIVITIES

BEGINNING CASH AND INVESTMENTS 432,488        7,841,986     8,274,474     

ENDING CASH AND INVESTMENTS 1,223,498$   8,381,349$   9,604,847$   



CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2016

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 2015-16 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.
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G. Functional Expense Allocation

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

H. Equipment

Purchased capital assets are reported at cost or estimated historical cost. Donated fixed assets are recorded 
at their estimated fair value at the date of the donation. The cost of normal maintenance and repairs that 
do not add to the value of the asset or materially extend assets’ lives are not capitalized. A capitalization 
threshold of $1,000 is used.
Capital assets are being depreciated using the straight-line method over the following estimated useful 
lives:

 Estimated 
Asset Class Useful Lives
Equipment 5-7

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 2015-16 
fiscal year, the Board met their reserve policy.

NOTE 2 CASH AND INVESTMENTS

Cash and investments at August 31, 2016 consisted of the following (cost approximates fair market value):

Cash

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

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, 2016, as provided by the LAIF Administrator, was $9,235,472. Assumptions 
made in determining the fair value of the Board’s investment portfolios are available from the State of 
California.

CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2016

Totals
Cash:
   Bank Deposits 76,452$        

Investments:
   Local Agency Investment Fund 9,229,395     
   Certificates of Deposit 299,000        

Total Investments 9,528,395     

Total Cash and Investments 9,604,847$   



NOTE 3  EQUIPMENT

Depreciation expense for the year ended August 31, 2016 was $474.

NOTE 4 UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS
Of the total $2,810,556 United Tariff-Rate Quota Management Funds, $20,942 was received from EU-TRQ funds 
and $2,789,614 was received from Colombia Rice Export Quota, Inc. (COL-RICE) during 2015-16. 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 $2,789,614 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, 2016 
is as follows:

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 fifth payment of $212,000 (Note 5) and the future payment 
schedule is as follows:

CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2016

Year Ended August 31, Payment
2017 212,000$         

General Reserve
Fund Fund

Research:
   California Cooperative Rice Research
      Foundation (CCRRF) 982,525$     1,200,000$  
   University of California 885,492       -                   -               
   United States Department of Agriculture 58,732         -                   -               
   Other Contracts 78,773         -                   
   ANR Position - Rice Specialist (Note 6) 212,000       -                   

Total Research Program Expenditures 2,217,522$  1,200,000$  

Weather station equipment 155,385$    
Office equipment 11,321        

166,706      

Accumulated depreciation (166,173)     

Equipment, net 533$           
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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 2016, the Board made a donation from the Reserve 
Fund of $500,000.

NOTE 8 UCCE PRESIDENTIAL MATCH
In March 2016 the Board entered into an agreement with the University of California. The agreement states 
that the Board agrees to make a pledge to the Regents of the University of California to provide a minimum of 
$500,000 for the purpose of establishing the UC Cooperative Extension Presidential Chair for California grown 
rice in the University of California Cooperative Extension (UCCE) at Agriculture and National Resources. The 
Chair will support research in the improvement of California rice production and quality. In June 2016, the Board 
funded the pledge from the Reserve Fund in the amount of $500,000.

NOTE 9 CONCENTRATION OF CREDIT AND MARKET RISK
Included in assessments receivables are amounts due from four mills which represents 41% of total assessments 
receivable as of August 31, 2016.

There were four mills who paid 48% of the assessment revenue for the year ended August 31, 2016.

NOTE 10 SUBSEQUENT EVENTS
Subsequent events have been evaluated through ____________, 2017 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

Over the past few years, California has endured a severe drought resulting in uncertainty for the state 
water supply and as of August 31, 2016 the state was still under a Declaration of Drought Emergency 
that California Governor Brown issued on January 17, 2014. Many rice growers in the State experienced 
significant reductions in irrigation water availability due to the drought. The drought had an impact on the 
Board’s assessment revenue for the year ending August 31, 2016 at a similar level to the prior year.
Following unprecedented water conservation and plentiful 2016-17 winter rain and snow, Governor Brown 
ended the drought state of emergency in most of California effective April 7, 2017. The strong rainfall year 
with abundant snowpack will be a good start to recharging water supplies as they are needed long-term.

CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2016
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