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Chairman’s Report

recommendations are being fine-tuned. In 
2016, this area of research will focus on soil 
mineralogy. Work also continued on alternative 
water management practices to assess their 
influence on nitrogen response, grain yield, and 
greenhouse gas emissions. Work began on a 
yield gap analysis of rice systems in the United 
States to develop a better understanding of 
variability in rice yields in California. Another 
promising study initiated last year used remote 
sensing data to determine the need for a 
midseason top-dressed nitrogen application. 
All of this research is reported in Improving 
Fertilizer Guidelines for a Changing Rice 
Climate.  

Mycorrhizal fungi products have been shown 
to improve plant nutrition in many crop species, 
so a new project was commissioned to study 
its potential in rice. Seed or soil application of 
commercially available mycorrhizae products 
did not improve yield or grain protein content of 
rice grown in a continuous flood system. Learn 
more about this project in Improving Rice Yield 
Through Mycorrhizal Fungi.

The University of California developed 
a leaf color chart 15 years ago to help rice 
growers and PCAs with on-farm nitrogen 
management decisions. With low inventory—and 
the need to meet nitrogen management plan 

California’s public rice breeding program is 
conducted and managed by scientists at the 
Rice Experiment Station (RES). The program has 
made 46,496 crosses and released 47 improved 
public rice varieties since its inception in 1969. A 
new early-maturing Calrose medium grain line 
with superior grain quality was released in early 
2015 as M-209. Progress is reported in all five 
major project areas in the Rice Breeding Program 
section of this annual report.

Testing of promising experimental lines took 
place at 16 farm locations and at RES in 2015. 
Top-yielding advanced lines are reported for 
each of the three maturity classes, along with 
yields of standard varieties. Results of this 
statewide testing are described in the Rice 
Variety Trials section. 

Geneticists are utilizing state-of-the-art 
techniques to select mutant genes that exhibit 
reduced uptake of arsenic and also genes 
that encode proteins targeted by selected 
herbicides. This work is reported in Genetics for 
Rice Improvement.

Fertilizer research in 2015 focused on 
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. Potassium fertilizer 

California Rice Research Board Chairman Seth Fiack

Welcome to the 47th annual report to the California Rice Growers.  In the following pages we report 
on grower funded research from 2015 that is essential to the California rice industry. As always, we 

track progress in areas to enhance productivity, such as rice variety breeding, genetic improvement, weed and 
disease management, fertilizer guidelines, invertebrate pest control, and water use efficiency. We also report 
on environmental research and on efforts to utilize rice straw in some creative applications. These and other 
reports from the fields, laboratories, and greenhouses chart progress on many issues of concern to rice growers. 
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requirements—a new production run of the leaf color 
chart was initiated. Read about how it was updated in 
Production of the UC Leaf Color Chart.

Weed management research focused on best 
herbicide combinations for continuous flood, pinpoint 
flood, and drill-seeded rice; five experimental products; 
the dynamics of weed germination and emergence; 
and propanil resistance in smallflower umbrella sedge 
and ricefield bulrush. Read about this extensive work in 
Weed Management in Rice.

The spring 2015 flight of Rice Water Weevil (RWW) 
was perhaps the lowest it has been in 25 years. Nine 
different active ingredients for RWW control were 
studied in ring plots at RES. However, herbicide 
damage to rice plants and low water levels in the 
soil profile adversely affected this research. Work 
also continued on the susceptibility of different rice 
varieties to RWW, control of tadpole shrimp, the 
impact of rice pesticides on nontarget insects, and 
several species of stink bugs. This work is reported in 
Protection of Rice from Invertebrate Pests.

Research on how pesticides important to rice 
culture degrade in the environment continued on the 
neonicotinoid insecticide clothianidin, the herbicide 
imazosulfuron, and the herbicide benzobicyclon. 
Laboratory studies indicate that clothianidin will 
dissipate primarily through photodegradation and 
anaerobic microbial degradation when applied to 
a flooded field, imazosulfuron degrades rapidly 
in sunlight within recommended holding periods, 
and benzobicyclon dissipated in flooded field 
conditions between two and nine days. New work 
on chlorantraniliprole showed that volatilization 
from water or soil will not be a significant dissipation 
route for this pesticide. Read about this research in 
Environmental Fate of Rice Pesticides.

A new project sought to determine the potential for 
rice herbicide drift on walnut growth and production. 
Greenhouse and field studies of propanil, bensulfuron, 
and bispyribac sodium showed that herbicide drift 
might slow down and affect the growth of young 
walnuts. This study is reported in Understanding the 
Effects of Rice Herbicide Drift on Walnuts.

A project to assess the extent of mercury in 
California rice systems continued for a third year. 
Loads of methyl mercury from rice drainages are small 
compared to loads in the Sacramento and Feather 
Rivers. Monitoring of fields in Butte and Yolo counties 
confirms that variability exists in different areas of the 
Sacramento Valley. A study of alternate wetting and 
drying (AWD) of rice fields showed that this water 
management technique might reduce methyl mercury 
concentrations in rice grains and in surface water. Read 
about this work in Mercury in California Rice Systems.

Another project is seeking to identify opportunities 
to conserve water in California rice systems. In 2015 
an online tool was developed that allows producers 

to estimate time to panicle initiation, heading, and 
maturity for eight commercial varieties.  Field studies 
expanded in no-spill water management. Researchers 
aim to create a model that will help growers avoid 
critical, yield-reducing salinity levels. A salinity variety 
trial in the bottom check of a field receiving moderately 
saline water showed no significant differences among 
varieties. Read more in Identifying Opportunities for 
Improving Water Use Efficiency.

Another project continues its successful research 
to transform rice straw components such as cellulose, 
silica, and lignin into the raw material for value-added 
industrial products. New techniques were developed 
to improve the functional properties and yield of 
nanocellulose and holocellulose products. Aerogel 
research in 2015 sought to improve dry strength while 
rendering greater hydrophobicity to enable better 
water-oil separation. This work is reported in Novel 
Nanomaterials and Performance Industrial Products.

Researchers at California State University, Chico, 
continued experimenting with a composite board made 
from rice straw, walnut shells, and a biodegradable 
plastic. In 2015, an insulation panel was constructed. 
While this research has demonstrated technical 
feasibility, the high cost of the biodegradable plastic 
may prove to be a limiting factor. Read about this work 
in Development of Rice Straw Based Construction 
Panels.

A new project, also at Chico State, experimented 
with using rice straw fibers as a curing agent in 
concrete. Findings include workability of concrete with 
rice straw fibers began to decline after 20 minutes; 
free drying shrinkage increased; and concrete strength 
was reduced. This work is reported in Utilization of 
Rice Straw Fibers as a Curing Agent in Concrete. 

Finally, research continued on the use of rice straw 
as a livestock feed. Nutritional quality studies on rice 
straw took place at the Parker Ranch and Broken Box 
Ranch near Williams. A feeding study took place at 
the UC Sierra Foothill Research and Extension Center. 
Work is focused on various rice straw treatments and 
different baling approaches to determine the most 
practical ways for producers to utilize rice straw. Read 
about this work in Demonstration of Rice Strawlage 
Production.

That’s a quick summary of how our investment in 
research is reaping benefits for our industry. We are 
fortunate in California to have a strong network of 
dedicated scientists working on important issues to 
ensure progress. Thankfully, Mother Nature blessed us 
with rains over the winter, so we should all experience 
a more normal season. Wishing you the best for a safe 
and prosperous year in rice country.

Seth Fiack, chairman 
California Rice Research Board



Rice Breeding Program
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experimentals 12Y20 and 11Y106 were grown for 
breeder seed production in 2015.

Selection and harvest of the 2013–2014 
Hawaii winter nursery was completed and seed 
returned to RES for planting in May. The 2015–
2016 winter nursery included 8,800 progeny 
rows planted October 27-28, 2015, and 600 
first-generation crosses transplanted November 
14, 2015. Selection and harvest was set for April 
2016, 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 two local 
growers. This seven-acre, drill-seeded nursery 
included 5,040 rows, and five acres of second-
generation populations. Stand establishment 
and weed control was good. Very little 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 the RES in 2015 to evaluate promising 
advanced selections from all three maturity 
groups—very early, early, or intermediate-to-late. 
More detail is reported in the Rice Variety Trials 
section of this annual report.

Preliminary yield tests are the initial step of 
replicated large-plot testing for experimental 
lines. These tests included 538 entries and 
check varieties. Yield of the top experimental 
lines compared well with check varieties. 
Superior entries will be advanced to 2016 
statewide yield tests.

Calrose medium grains
The predominant rice varieties planted in 
California are medium grains, commercially 
and internationally known as Calrose rice. The 
Calrose brand was awarded the 2015 “World’s 
Best Rice” award during the 7th TRT World Rice 
Conference.

The California public rice breeding program has developed 47 improved rice 
varieties since accelerated research began in 1969. Foundation seed of 16 public 

varieties, two experimental increases, and basic seed of one Japanese premium quality 
variety were produced on 144 acres at the Rice Experiment Station (RES) in 2015.

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 
short grains and premium quality breeding. 
Farman Jodari leads the long grain project 
and also serves as liaison with Southern U.S. 
breeding programs. He has been working at 
RES since 1999 and will be retiring 2017. Plant 
pathologist Jeffrey Oster retired in July 2015 
after 30 years of service. His successor is Paul 
Sanchez, who brings expertise in rice genomics, 
wild rice utilization, and gene bank management. 
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. Progress 
highlights from 2015 are reported below.

Breeding nurseries
Seeding of the 2015 breeding nursery began 
April 24 and was completed May 22. A total of 
1,285 crosses were made for rice improvement, 
bringing the total to 46,496 since 1969. Crosses 
made in early spring 2015 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 2015 RES breeding nursery occupied 
approximately 75 acres. Water-seeded yield 
tests included 5,745 small plots and 3,130 large 
plots. The nursery included about 60,600 
water-seeded and 18,700 drill-seeded rows and 
plots. Second-generation populations from 2013 
and 2014 crosses were grown in precision drill-
seeded plots on 21 acres. An estimated 150,000 
panicles were selected from various second-
generation populations for screening and 
advancement. Approximately 1,600 headrows 
of M-209, Calmochi-203, M-206, S-102, and 

4 The 47th Annual Report to the California Rice Growers



   Rice Breeding Program 5

M-202 is a 30-year-old variety and will no 
longer be used as a check in 2016. Its overall 
grain yield is about 10% lower than newer 
cultivars. M-206 is a widely grown variety 
with excellent milling yields, high and stable 
grain yield, and is adaptable even in cold rice-
producing areas. M-205 is a variety with high 
yield potential but has a more restricted area 
of production. M-105, noted for superior milling 
quality, is an alternative to M-104. M-208 is an 
early blast-resistant variety that is sensitive to 
cold temperature. 

The newest variety is M-209, an early 
variety with high yield potential and big grains. 
It registered the highest overall yield of 9,610 
pounds/acre. M-206 remained among top 
yielders with an average yield of 9,560  
pounds/acre. 

M-209
Experimental line 08Y3269 was approved for release 
as M-209 in early 2015. It is a high yielding, early 
maturing semidwarf, smooth, lodging tolerant Calrose 
medium grain.

The five-year average at the RES yield test was 
10,010 pounds/acre—a 2.9% yield advantage over 
M-205 and a 4.1% yield advantage over M-206. It also 
registered a grain yield advantage over M-205 in test 
locations. 

M-209 is not recommended for planting in colder 
rice growing areas. Overall, M-209 is slightly earlier, 
taller, and similar in lodging compared to M-205. It is 
recommended where M-205 is normally grown. 

The milled rice grains of M-209 are heavier and 
slightly longer compared to M-205 and M-206. Because 
of the bigger grain size, M-209 is best harvested 
around 20% grain moisture content. Milling yield may 
drop when harvested below 18%. Average milling yield 
is comparable to M-205 and M-206.

M-209 has a similar profile as other medium grains, 
including apparent amylose and protein content. Milled 
rice samples were judged by milling and marketing 
organizations to be superior in grain quality and 
acceptable to the rice market.

Blanking tests show that M-209 is more susceptible 
to low-temperature blanking than M-205 or M-206. 

Thus, it is not recommended for planting in cooler rice 
areas.

Average reaction to stem rot and aggregate sheath 
spot is comparable to M-205 but better than M-206. 
However, M-209 may be slightly more susceptible to 
blast than M-205 and M-206.

Blast resistance
Breeding for rice blast resistance in medium grains 
has received renewed attention in response to the 
breakdown of blast resistance in M-208 from a new 
blast strain, IB1. Ten near-isogenic lines of M-206, 
each containing different blast resistance genes, were 
developed from marker-assisted backcrossing. Among 
these lines, 12Y113 and 12Y3097 performed best and 
were selected and advanced to statewide tests from 
2013 to 2015. 

Grain yield of 12Y113 ranged from 9,590 to  
9,800 pounds/acre at RES and 9,150 to 10,230  
pounds/acre statewide. On average, 12Y113’s yield 
advantage over M-208 is 8% at RES and 7% statewide. 
Its yield advantage over M-206 is 1.4% at RES and  
2.6% statewide.

Grain yield of 12Y3097 ranged from 9,470 to 9,960 
pounds/acre at RES and 9,000 to 9,890 pounds/acre 

Virgilio Andaya



statewide. Average yield advantage over M-208 
was 8% at RES and 4% statewide. Yield advantage 
over M-206 is 1.4% at RES but 0.5% lower 
statewide.

Seedling vigor and plant height of 12Y113 
is similar to M-206 and M-208. It has a higher 
tendency to lodge and has a slower grain dry-
down rate compared to M-206. 12Y3097 is slightly 
shorter than M-206 but similar in heading and 
has a slightly better lodging score. However, it has 
lower seedling vigor.

Grain attributes of 12Y3097—chalkiness, seed 
weight, milling yield, and grain dimension—are 
comparable to M-206, though sometimes grain 
may be slightly longer and lighter. 

Grains of 12Y113 are heavier, more plump, but 
narrower relative to M-206. Because of higher 
percent chalk and lower milling percentages, 
12Y113 will be dropped from further testing.

Stem rot resistance
Identifying stem rot resistance continues to 
present challenges in both the greenhouse and 
in the field. Nonetheless, stem rot-resistant rice 
lines have been isolated in mapping populations. 
One of those lines, 14Y3060, compares favorably 
with check varieties M-205 and M-206, although 
the level of resistance is low. The mean grain yield 
of 14Y3060 between 2013 and 2015 was 11,030 
pounds/acre, compared to 10,480 pounds/acre 
for M-205 and 10,250 pounds/acre for M-206. 
Further evaluation will be performed on this and 
other experimental lines.

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-206 is an early maturing variety with 
high yield potential released for commercial 
production in 2006. It is well-adapted to most 
rice growing regions of California, except the 
coldest areas of Yolo and San Joaquin counties. 
Milling yield of L-206 is 1% to 2% lower than 
L-204. Recent studies, however, show that L-206 
is significantly more resistant to grain fissuring, 
indicating more stable milling yield at lower 
harvest moisture. Primary advantages of L-206 

over L-204 are improved cooking quality, higher 
grain yield, and earlier maturity. Its cooking and 
starch characteristics are similar to Southern long 
grains. 

Grain yield of L-206 in 2015 statewide yield 
tests averaged 9,420 pounds/acre. Average yield 
for M-206 in the same test sites was 9,330 pounds/
acre. Average head rice yield of L-206 during the 
2006 through 2015 seasons was 62%.

12Y020
Experimental line 12Y020 is a new conventional 
long grain selection that has shown grain yield 
and milling yield advantages over L-206. This line 
is being proposed for release as L-207. 12Y020 
is a high yielding, intermediate height, and early 
maturing selection with Southern long grain 
cooking quality. It is three to four days later and six 
inches taller than L-206. Average grain yield in very 
early statewide tests during 2012, 2013, and 2015 
was 8% higher than L-206.

Of special importance is the performance 
of 12Y020 at the Yolo test location, where it 
compared favorably with L-206 and M-206 during 
the 2012 to 2015 seasons. Cooler conditions at 
the Yolo site have been a challenge for many 
long grain selections and varieties in the past. 
Consequently, areas of adaptation for it include 
most areas except San Joaquin.

Despite taller plant height, no significant 
lodging has been observed. Milling yields at 
sequential harvest moistures were tested from 
2012 to 2015. Within a span of seven to 10 days, 
head rice yields remained stable—ranging between 
63% and 67%.

Cooking quality of 12Y20 is similar to 
Southern long grains, with intermediate amylose, 
intermediate gel type, and moderate RVA profile. 
In 2012 and 2013 tests, 12Y020 showed significantly 
lower stem rot disease compared with L-206. No 
significant differences were observed during the 
following years. 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. Limited foundation 
seed was produced in 2015. It was approved for 
release as L-207 in 2016.

Farman Jodari
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Another conventional experimental line, 14Y1006, 
tested significantly better than check varieties in very 
early and early maturity statewide locations.

Specialty long grains
Expanded breeding efforts continued in specialty long 
grains, including jasmine, basmati, and conventional 
aromatics such as A-201. 

Calmati-202 is a true basmati variety released in 
2006. It is an early maturing semidwarf, pubescent, 
aromatic with elongating long grains. Because of its 
susceptibility to blanking, it is not suited for colder 
locations. Average yield of Calmati-202 in 2015 early 
tests was 6,690 pounds/acre, compared to 9,730 
pounds/acre for L-206. Grain and cooking quality 
of Calmati-202 is considerably closer to imported 
basmati types than Calmati-201. Because of its finer 
grain shape, the yield of Calmati-202 is 10% lower than 
Calmati-201. Calmati-202 is susceptible to fissuring. 
Thus, timely harvest and proper handling is needed to 
preserve milling and cooking qualities. Recommended 
harvest moisture is 19 percent.

In 2015 several basmati lines were tested in 
statewide trials. These selections were advanced 
through screening for several basmati quality 
attributes. Cooking quality evaluations of these lines 
in earlier generations showed considerable quality 
advantages over Calmati-202. 14Y149 is an early 
basmati line with an amylographic profile significantly 
closer to imported basmati types. 

Quality evaluations are currently under way to 
determine aging effects on elongation and texture 
of cooked grains of basmati types. This includes two 
advanced selections—11Y158 and 10Y1199—that were 
tested previously. The primary advantages of these 

lines over Calmati-202 include higher cooked kernel 
elongation, more slender grain shape, and a cooked 
grain texture closer to imported basmati. 

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.

Efforts also continued in 2015 to develop jasmine 
types through pedigree and mutation breeding. 
Crosses and backcrosses were made with jasmine type 
material from various sources. Photoperiod sensitivity 
of the original Thai jasmine variety Kao-Dak-Mali has 
been a significant breeding barrier. Pedigree and 
mutation breeding efforts are generating breeding lines 
with diverse and unique quality combinations. 

In 2015 eight jasmine types were tested in statewide 
yield tests and 45 were in preliminary yield tests. 
Breeding objectives for jasmine types include low 
amylose, strong aroma, high degree of whiteness, and 
smooth cooked grain texture. Entries 15Y084 and 
15Y136 have shown good jasmine quality attributes 
and acceptable agronomic characteristics. Advanced 
experimental line 11Y106 is being discontinued from 
further testing because of blanking susceptibility, as 
well as excessive aroma content. 

Efforts in the area of conventional aromatics 
also continued in 2015. One conventional aromatic 
type, 12Y1022, was tested in early statewide tests. 
A considerable number of aromatic types are being 
generated from the populations that were originally 
intended for jasmine or basmati quality types.

 A laborer carries 
progeny rows 
from the breeding 
nursery to be 
threshed by a crew 
into individual bags.



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 locations in 2015 was 9,180 pounds/
acre for A-202, compared to 9,730 pounds/acre for 
L-206. 

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. 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.

Milled kernels of A-202 are slightly bolder 
than A-301. Amylose content, gelatinization 
temperature type, and starch profile is similar to 
A-301 and L-206. Subjective evaluations of cooked 
grain texture indicate that A-202 is slightly softer 
than L-206.

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

In 2015, all selections in the preliminary and 
advanced yield tests were evaluated in special 
plots for milling yield evaluation. Advanced lines 
were evaluated at six to eight harvest moistures. 
Preliminary entries were tested at two harvest 
moistures. The goal for long grain is to maintain 
a minimum 64% 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 2015 two entries were tested in statewide 
tests and 18 were tested in the preliminary 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, low blanking, and high milling yield.

Short grains and premium quality
The short grain and premium quality project 
includes conventional short grains, premium 
quality short grains, premium quality medium 
grains, waxy short grains, low amylose short 
grains, and bold grains such as Arborio. Breeding 
goals emphasize improving grain quality, milling 
yields, and tolerance to cold temperature, lodging 
resistance, as well as very early to early uniform 
maturity, and resistance to diseases.

Waxy short grains
The Rice Experiment Station released 
Calmochi-203 (CM-203), formerly designated as 
09Y2141, as a new variety in 2015. It is a stable, 
high yielding semidwarf, early maturing, smooth, 
waxy short grain rice.

Prior to its release, CM-203 had significantly 
higher grain yields than CM-101 in all 38 statewide 
test environments from 2010 to 2014. Averaged 
across environments, grain yield was 9,650 
pounds/acre for CM-203 and 7,590 pounds/acre 
for CM-101—a 27% yield advantage.

Further comparisons with CM-101 indicate 
that CM-203 was similar in seedling vigor, taller, 
and required one more day to reach heading 
and 11 more days to reach maturity. It also lodged 
slightly more. 

CM-203 had higher head rice percentages 
(65% compared to 63%), larger grain weights, and 
lower viscosity than CM-101. Blanking was about 
3% higher in CM-203 than CM-101.

In 2015 statewide and milling tests, CM-203 
continued to show superior patterns of trait 
parameters. Notably, it yielded significantly higher 
than CM-101 in all statewide test locations. Grain 
yields, averaged across locations, were 10,060 
pounds/acre for CM-203 and 7,660 pounds/acre 
for CM-101.

Premium quality short grains
Calhikari-202 (CH-202), released as a new 
premium quality short grain variety in 2012, 
continues to show its advantages over Koshihikari 
and CH-201 in yield, quality, taste, and agronomic 
traits. 

In statewide yield tests from 2010 through 
2015, CH-202 had a six-year yield average of 
8,250 pounds/acre, compared to 8,170 pounds/
acre for CH-201. Compared to Koshihikari in 
2015, CH-202 had a 57% yield advantage, lower 
seedling vigor, earlier heading (14 days), 53% less 
lodging, and higher head rice percentage (69%). 
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It also was shorter in plant height and had 30% less 
lodging, despite its higher yield.

In premium quality short grain types, lower head 
rice protein concentration is associated with better 
taste. Head rice samples from milling tests in 2013, 
2014, and 2015 showed that CH-202 had lower protein 
concentrations and higher Satake Taste Analyzer 
ratings than Koshihikari.

In 2015, four premium quality short grain lines were 
evaluated in statewide tests. The top selection was line 
13Y2031, evaluated in the very early maturing group. 
Its average grain yield was 9,400 pounds/acre, which 
was 15% higher than CH-201 and 19% higher than CH-
202. In comparison with CH-202, 13Y2031 had higher 
seedling vigor, later heading (three days), slightly taller 
height, and 25% less lodging. It had a 64% head rice 
percentage, similar to CH-201 but 5% lower than CH-
202. This line has a smooth hull, unlike CH-201, CH-
202, and Koshihikari. 13Y2031 is being advanced to the 
experimental seed increase nursery in 2016.

Premium quality medium grains
Nine premium quality medium grains were evaluated in 
statewide tests in 2015. Two lines—12Y2175 and 11Y2183—
were the outstanding selections. Both lines produced 
higher grain yields than M-402 and M-401. Based on 
six statewide test locations, 12Y2175 yielded an average 
of 10,120 pounds/acre, while 11Y2183 averaged 9,540 
pounds/acre. Yield advantages of 12Y2175 were 30% 
over M-402 and 9% over M-401. 11Y2183 had yield 
advantages of 23% over M-402 and 2% over M-401. 
Early heading is essential in saving irrigation water, and 
both 12Y2175 and 11Y2183 headed at least nine days 
earlier than the other premium quality medium grain 
varieties. The experimental lines also had higher head 
rice percentages. Because of its higher grain yield and 
seedling vigor rating, 12Y2175 replaces 11Y2183 as the 
top premium quality medium grain line and will be 
entered into the experimental seed increase nursery 
in 2016.

Conventional short grains
Five conventional short grain lines were evaluated 
in 2015 statewide yield tests, with 10Y2043 at the 
forefront after being evaluated in both the very early 
and the early maturing groups. Average grain yield 
of 10Y2043 was 10,700 pounds/acre, which was 19% 
higher than S-102. Its five-year average from 2011 to 
2015 was 10,110 pounds/acre, which was 18% higher than 
S-102. Compared to S-102 in 2015, 10Y2043 had slightly 
lower seedling vigor, headed four days later, was 
slightly shorter, and had lower chalky area percentage. 
Head rice percentage of S-102 was higher than that of 
10Y2043 in 2015, but the three-year average between 
2013 and 2015 was 65% for 10Y2043 and 64% for 
S-102. Furthermore, 10Y2043 is smooth, unlike S-102. 
10Y2043 will be advanced to the experimental seed 
increase nursery in 2016.

Low amylose short grains
In 2015, 14Y2110 was the lone low amylose short grain 
entry in statewide tests. Compared with pubescent 

CA-201, the smooth 14Y2110 has higher grain yield 
(8,640 pounds/acre, a 45% yield advantage), lower 
panicle blanking percentage in San Joaquin, and lower 
lodging. CA-201 and 14Y2110 had similar seedling vigor 
ratings and head rice percentages. However, 14Y2110 
headed nine days later the 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. In 2015 most advanced bold grain lines were 
being evaluated in preliminary yield tests. The top bold 
grain line, 15Y2002, is smooth and is being evaluated 
for grain yield, quality, and agronomic performance to 
determine its advancement into statewide tests.

Rice Pathology
Breeding for disease resistance is a cooperative effort 
between plant breeders and the RES plant pathologist. 
About 3,000 rows were screened in statewide and 
preliminary yield tests for stem rot resistance in 2015. 
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 (439 rows in the field, with additional 
aggregate sheath spot screening in the greenhouse). 
In addition, about 3,726 rows derived from breeder 
crosses have been cycled through the disease nursery 
to verify disease resistant lines.

Stem Rot
Screening for stem rot resistance included evaluations 
on about 6,428 rows. Of these, 2,700 rows were 
drill seeded, resulting in less seed drift and the 
establishment of more uniform stands.

In addition, 660 rows of a mapping population for 
identification of stem rot resistance genes from Oryza 
rufipogon were evaluated in the field at RES. Some 
materials identified as resistant in 2014 were again 
resistant in plots and rows.

Stanley Omar Samonte



Variations in stem rot ratings in 2015 were 
observed between and among lines in the mapping 
population. Intensive evaluation will be conducted 
in 2016 under controlled environment conditions 
inside the greenhouse to confirm the degree of 
susceptibility and resistance of selected lines.

In general, under field conditions very early 
maturing plants were found to be more susceptible 
to stem rot than late maturing plants. A modified 
stem rot rating scale and scoring system will be 
used in 2016 to aid in 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.

Sheath spot screening expanded into 
preliminary trial entries.

Blast
Blast has been lower in severity and incidence 
than in prior years. 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 since 2009. 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 such as Newbonnet, Dular, 
and Mars. The isolates were subsequently screened 
on new monogenic and near-isogenic lines from the 
International Rice Research Institute.

Combining resistance
The first attempt at combining 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 2015. Third generation 
populations were screened against stem rot in 
June 2015, and the fourth generation population 
was screened against blast in November 2015. 
The fifth generation population will be screened 
against stem rot in the field in 2016.

10 The 47th Annual Report to the California Rice Growers
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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 2016. The goal is to identify 
agronomically acceptable 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 2015.

DNA marker laboratory 
The DNA marker laboratory supports the different 
breeding programs and special projects. The lab is 
involved in marker-assisted selection for different 
grain types, DNA fingerprinting and purity testing 
of advanced lines and varieties, pyramiding of 
blast resistance genes, genetic mapping of stem 
rot resistance genes, and generation of mutant 
populations. However, the bulk of the work in the 
DNA lab in 2015 was in marker-assisted selection for 
different grain types, fingerprinting materials, mapping 
stem rot resistance, and generating mutant populations 
for breeders. Materials generated from blast resistance 
gene pyramiding and mutagenesis were transferred to 
plant breeders and are in different stages of evaluation.

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 2015, 6,230 breeding lines from 
the medium- and short-grain projects were screened for 
blast resistance. A total of 5,041 plants were screened 
for blast resistance in the medium grain project and 
1,189 plants were evaluated from the short grain project. 
About 2,252 long grain breeding lines were evaluated 
using five DNA markers for grain quality.

 DNA fingerprinting
Another important function of the DNA lab is to 
assist in variety identity and purity assessment—DNA 
fingerprinting. A database begun in 2010 now has more 
than 200 markers. The lab fingerprints advanced lines 
before they are recommended as varieties.

The lab has developed a panel of 11 markers that can 
distinguish California medium grains from each other. 
A similar panel is in development for short- and long-
grain varieties.

In 2015 researchers conducted fingerprinting of 
various breeding materials for the medium grain 
project. About 1,559 lines, consisting of M-206 head 
rows, blast resistance lines, and advanced medium 
grain lines, were assessed with different markers.

The short- and long-grain projects requested a 
combined total of 1,945 lines for fingerprinting in 
2015. The short grain project submitted 1,100 lines for 

fingerprinting, consisting of advanced line 12Y2183, 
some elite components, and some mutants. In the long 
grain project, 845 entries were fingerprinted. Materials 
consisted of aromatic and nonaromatic lines. 

Mapping stem rot resistance
An advanced backcross line from 87Y550/M206*2 
has been used to map stem rot resistance from 
Oryza rufipogon. Microsatellite markers continue 
to be added to the genetic map begun in 2010 and 
field tested to verify stem rot resistance across 
seasons and locations. Several genes control stem rot 
resistance. DNA segments called quantitative trait loci 
are associated with resistance and are being further 
confirmed with additional testing.

A fine-mapping population to more precisely 
identify genetic areas that control stem rot resistance 
were again evaluated in 2015. Tissue samples and 
DNA samples from 340 lines from the fine-mapping 
population are kept in the lab for further genotyping 
work. 

Mutagenesis
Mutagenesis is an important tool to generate 
materials that can be used by breeders in their 
breeding program. Several varieties were chemically 
treated in the DNA lab and seeds were planted in 
the greenhouse by respective projects to generate 
populations for advancement and screening for traits 
of interest.

Cynthia Andaya
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resources using a “reverse” genetics method. 
The Targeting of Induced Local Lesions in 
Genomes (TILLING) strategy is based on the 
detection of mutations in target gene sequences 
by screening DNA isolated and pooled from 
hundreds of mutant lines. A service to identify 
mutations of interest with this technique 
is operated by the TILLING Lab at the UC 
Davis Genome Center. This service previously 
identified mutations in genes controlling phytic 
acid content in rice seeds.

The major objectives of research in 2015 
were to:
 • Employ forward genetic screens to select 

for mutants that may exhibit reduced uptake 
and/or accumulations of arsenic.

 • Conduct reverse genetic screens to identify 
(1) mutations in genes that control arsenic 
uptake and/or accumulation, and (2) genes 
encoding proteins targeted by selected 
herbicides.

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

Primary emphasis is on screening rice 
populations generated by traditional 
mutagenesis for new traits affecting grain 
quality and reducing 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 rice grains and 
resistance or tolerance of rice plants to selected 
herbicides.

The traditional approach to mutant 
populations is to conduct screens that identify 
mutant phenotypes of interest. Examples of this 
“forward” genetics approach in rice include the 
identification of the semidwarf trait, conditional 
male sterility, and imidazolinone tolerance. 
Scientists working on this project previously 
developed mutant populations from several 
genetic backgrounds. Each population consists 
of several thousand lines in various generations 
of advancement.

More recently, project scientists and UC 
Davis colleagues have developed genetic 

The overall goal of this project is to employ traditional and advanced genetic screens 
to identify novel rice germplasm for the California rice industry. 

Genetics for Rice Improvement



important developmental, metabolic, and physiological 
functions in plants and are targets of various herbicides. 
Sequences were submitted to the TILLING lab and were 
used to amplify DNA fragments from 2,048 rice mutants 
derived from the temperate japonica variety Nipponbare. 

The DNA samples of these mutants are pooled in 
such a way that each mutant can be uniquely identified. 
The TILLING lab amplified target gene fragments and 
performed next-generation sequencing, screening, and 
computational analysis. 

In total, 133 possible mutations were detected with 
a high probability and 56 were identified with low 
probability. About one-third of the high probability 
mutations are predicted to result in changes in a 
corresponding protein sequence. A similar percentage 
was observed in the low probability mutations.

With the identification of a number of candidate 
mutations and/or mutants, the next step is to examine 
the nature of predicted changes. Mutations must be 
prioritized on the likelihood of producing the desired 
phenotypes. Following the confirmation of mutations and 
the identification of lines that are fixed for the mutated 
genes, analysis of the targeted traits will be conducted 
using physiological, biochemical, and genetic approaches.

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.)

An important part of this work is evaluating the response 
to germanium by mutant parental varieties Kitaake, 
Nipponbare, and M-204. Treatment of seedlings grown in 
solution and standard greenhouse soil is under way. Initial 
screening is nearing completion.

Reverse genetic screening
To complement the forward genetic screening for arsenic 
mutants and other efforts to isolate herbicide-tolerant 
mutants, a reverse genetics approach is being used to 
identify rice plants carrying mutations involved with 
arsenic uptake and accumulation, and to identify genes 
known to be targets of selected herbicides.

Nine target genes were selected for reverse screening. 
Three of these genes are involved in silicon/arsenic uptake 
and accumulation in rice. The remaining genes encode 

A

Sleuthing the silicon pathway
Screening seedlings of rice mutant lines with germanium (Ge). (A) Kitaake wild type, germanium treated; (B) 
Kitaake wildtype, untreated; (C) KDS-557B mutant, germanium treated; (D) KDS-557B mutant, untreated. The 
KDS-557B mutant exhibited signs of germanium toxicity well before the Kitaake wild type, suggesting at least 
two possibilities: it is a hyper-accumulator of germanium/silicon or it is hypersensitive to germanium. No clearly 
germanium-tolerant lines have been identified to date.

Genetics for Rice Improvement 13
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Rice Variety Trials

Sixteen on-farm rice variety evaluation trials were conducted throughout the 
rice growing regions of California in 2015 by UC Cooperative Extension scientists 

in cooperation with plant breeders at the Rice Experiment Station (RES). Standard 
varieties were compared with preliminary and advanced lines in these tests to measure 
performance across a range of environments, farmer practices, and disease levels.

Six similar tests were conducted at the RES 
in Biggs, two from each maturity group. Average 
yields across varieties and locations in the 
advanced-line tests ranged from 8,900 pounds/
acre in the very early trials to 9,600 pounds/
acre in the early tests. In the intermediate/late 
tests the advanced lines average yield was 9,390 
pounds/acre.

Field preparation was completed earlier 
than normal because of a relatively dry spring. 
Planting was completed in a timely manner. 
However, several areas experienced delayed 
water deliveries in 2015, resulting in large areas 
being planted in a short period of time. Several 
advanced lines in 2015 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 
conducted throughout the major rice producing 
areas of California. The RES rice breeders 
conducted six additional tests—two from each 
of the three maturity groups. Many of the 
experimental lines have been tested and screened 
in previous years and advanced for further testing. 
No proprietary lines were tested. The following 
provides agronomic performance summaries. 

Very Early Maturity
Six advanced breeding lines and 11 commercial 
varieties were compared in four very early 
advanced tests. The preliminary tests 
evaluated four commercial varieties and 30 
preliminary lines evaluated in separate tests at 

each location. Commercial varieties at  
each location included S-102, A-202, CA-201, 
CH-201, CH-202, CM-101, CM-203, M-104, 
M-105, M-202, M-205, M-206, M-208, M-209, 
and L-206.

Grain yields in the advanced tests averaged 
8,900 pounds/acre overall, 9,290 pounds/acre at 
RES, 9,810 pounds/acre at Sutter, 7,670 pounds/
acre at Yolo, and 8,840 pounds/acre at San 
Joaquin. The three highest-yielding entries on 
average were advanced short-grain line 10Y2043 
(10,070 pounds/acre), short waxy variety CM203 
(9,960 pounds/acre), and long-grain line 12Y20 
(9,390 pounds/acre). Top-yielding commercial 
varieties included CM-203, M-209, M-206, and 
M-104. Averaged across four locations, yields for 
lines in the preliminary tests ranged from  
5,950 pounds/acre to 9,620 pounds/acre.

Average grain moisture at harvest increased 
1.8%, lodging decreased 17%, and days to 50% 
heading increased by two compared to 2014. 
Seedling vigor and plant height were essentially 
the same as in 2014. Field preparation was 
completed earlier than normal. Planting was 
completed within the average time frame, 
although several districts experienced delayed 
water deliveries. This resulted in large areas 
being planted in a short period of time. 
Relatively dry weather resulted in a timely 
harvest. Yields were often higher than expected 
and had good grain quality.

Comparing commercial standard entries over 

Several advanced lines in 2015 
produced high yields and 

demonstrated advances toward other 
important breeding goals, such as 

disease resistance, grain quality, and 
specialty types.



a five-year period and across locations, M-206, M-104, 
and L-206 were the highest-yielding varieties at 9,416 
pounds/acre, 9,209pounds/acre, and 8,956 pounds/
acre, respectively. 

Early Maturity
Eight advanced breeding lines and 10 commercial 

varieties were compared in four early advanced tests. 
Preliminary tests included six commercial varieties 
and 30 preliminary lines evaluated in separate tests at 
each location. Commercial varieties at each location 
included S-102, CH-201, CH-202, CM-101, CM-203, 
M-105, M-202, M-205, M-206, M-208, M-209, M-402, 
A-202, A-301, CT-202, and L-206.

Yields in the advanced lines averaged 9,620 pounds/
acre overall, 9,660 pounds/acre at RES, 8,780 pounds/
acre at Butte, 10,210 pounds/acre at Colusa, and 
9,830 pounds/acre at Yuba. Advanced short-grain line 
10Y2043 was the highest-yielding entry (11,330 pounds/
acre) averaged over four locations in 2015. Advanced 
long-grain line 14Y1006, short waxy grain CM-203, 
and long grain 12Y20 yielded second, third, and 
fourth, respectively. Top-yielding commercial varieties 
included L-206, M-209, M-206, M-208, and S-102.

Average days to 50% heading ranged from 79 
days at the Rice Experiment Station to 86 days at the 
Colusa County site. The commercial standard M-206 
headed at 77 days at Biggs and 82 days at Colusa. 
The average yield of M-105 increased 2.7% compared 
to 2014. In the preliminary tests, M-105 ranked 14th 
for yield, but only three experimental lines yielded 
significantly higher.

Over a five-year period and across locations, L-206 
was the highest-yielding commercial variety at 9,560 
pounds/acre, followed by M-206 at 9,470 pounds/acre 
and M-205 at 9,350 pounds/acre.

Intermediate-to-Late Maturity
Five advanced experimental lines and eight 
commercial varieties were compared in three 
intermediate-to-late tests. Preliminary tests included 
seven commercial varieties and 15 preliminary 
lines evaluated in separate tests at each location. 
Commercial varieties at each location included  
CM-101, CM-203, CH-201, CH-202, Koshihikari, M-105, 
M-202, M-205, M-206, M-208, M-209, M-401, M-402, 
L-206, and A-202.

Yields in the advanced lines averaged 9,390 
pounds/acre overall, 9,260 pounds/acre at the RES, 
and 9,530 pounds/acre at Glenn. (The Sutter test was 
not included in the overall summary because of poor 
growing conditions that resulted in highly variable 
and low yields.) The 2015 advanced over-location 
yield decreased 130 pounds/acre (1.3%) compared to 
the 2014 season average. The average yields at the 
Rice Experiment Station decreased 960 pounds/acre 
and increased 710 pounds/acre at Glenn compared 
to the 2014 season. In the advanced tests, M-209 
was the highest-yielding commercial variety (9,790 
pounds/acre), ranking fourth overall. L-206 and M-206 
were the next highest-yielding commercial varieties. 
The long-grain entry 12Y20 was the highest-yielding 
advanced entry across locations at 10,140 pounds/acre. 

Average days to 50% heading decreased five days 
compared to 2014. M-401 and M-402 were the latest 
varieties at 107 and 102 days, respectively. Over a 
five-year period and across locations, L-206 is the 
highest-yielding commercial variety in this group at 
9,490 pounds/acre, followed closely by M-205 at 9,370 
pounds/acre. L-206 and M-205 produced 109% and 
106% of the yield of M-202 across all locations over 
the last five years.
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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 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%. 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. 

Preliminary analysis of the data indicates that 
it is difficult to make refined recommendations 
for potassium, likely due to differences in soil 
mineralogy. In 2016, mineralogical traits will 
be collected and analyzed to help fine-tune 
potassium recommendations.

Findings from this research will be developed 
into a format that is useful for growers and made 
available for online use, as well as distributed 
through other outlets to ensure that growers can 
further improve potassium management.

Alternating wet/dry rice
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 alternating 
flooding with periods of dry soils. This practice 
goes by the acronym AWD.

A study at the Rice Experiment Station has 
been evaluating this practice for three 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. The AWD treatment reduced 
greenhouse gas emissions by more than 70% 
and grain arsenic by 50%. This management 
strategy may also have positive effects on 
methyl mercury cycling. 

Research from 2015 suggests the window 
during which a field can be safely drained 
is fairly large—up to 11 days without a yield 
penalty. While these results are encouraging, it 
is not clear how easy this method would be to 
implement at the field scale.

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 2015 researchers focused efforts on 
conducting a yield gap analysis of rice systems 
in the United States. As a first step, all California 
statewide variety trial data from 1999 through 
2013 were compiled into a central database. 
Yield information was linked to site-specific daily 

The goal of this project is to develop fertilizer management guidelines that are 
economicaally viable and environmentally sound. Research objectives in 2015 were to: 

 • Determine the potassium status of rice soils.
 • Develop management practices for growing rice under alternating flooded/dry conditions.
 • Quantify rice yield variability in the Sacramento Valley.
 • Examine midseason nitrogen status and topdressing.

Improving Fertilizer Guidelines  
for a Changing Rice Climate
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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 one it was developed in (i.e. the Southern U.S.) 
after basic calibration of phenological parameters. 
Modeling of environments that experience relatively 
cool temperatures (California) required more extensive 
calibration. Complex phenomena like cold-induced 
sterility will require updating components of the model.

Issues with the ORYZA model prompted exploration 
of the response of California rice varieties to exposure 
to cold temperatures during the period from panicle 
initiation to 50% heading. One set of experiments sought 
to quantify the benefits of increased water depth during 
this period to protect spikelets from cold-induced sterility. 
Results showed that raising water between panicle 
initiation and heading did not affect blanking but did 
result in an increase of about 10 grains per panicle. This is 

a single study and interpretations of results should be 
made with caution.

Another area the modeling exercise with ORYZA 
highlighted is the importance of stand density. An 
experiment with M-206 at the Rice Experiment Station 
examined the effect of seeding rate on yields. The 
optimal plant density to achieve maximum yields was 25 
plants per square foot, which was achieved at a seeding 
rate of 50 seeds per square foot. For this variety, that 
equates to planting at a 140 pounds/acre rate.

Using county level yield data, the next step in this 
research is to determine current yields for each region 
and then determine the yield gap in each region.

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 nitrogen rate trial was conducted near Arbuckle 
and at the Rice Experiment Station. Five nitrogen 
rates were used to provide different color and yields. 
An additional experiment on 29 farmer fields also 
was conducted. Plant samples at panicle initiation 
and heading were taken, as well as readings from a 
handheld crop sensor.

For the nitrogen rate trials, a fairly typical response 
was observed. At the Arbuckle site, maximum 
yields were achieved at 67 pounds/acre. At the RES, 
maximum yields were achieved at 160 pounds/acre. An 
unusual outcome of this study was the very high yields 
achieved with no fertilizer nitrogen applied.

In this study, 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 aboveground nitrogen content and 
was useful for estimating final yields and, thus, could 
possibly be used to determine whether a top-dressed 
nitrogen application is necessary. This is a preliminary 
analysis, however. Additional data are still being 
analyzed. Given these initial promising results, along 
with the increased availability of remotely sensed data, 
further research is warranted.
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Previous scientific studies have documented 
higher biomass and rice grain yield. Use of 
mycorrhizae may also reduce the uptake of 
inorganic arsenic in rice plants. This study tested 
the efficacy of mycorrhizae products as both 
seed and soil treatments in replicated field 
trials in Butte, Glenn, and Sutter counties. Rice 
was grown in a continuous flood system. The 
objective of this research was to help growers 
evaluate the benefits of mycorrhizal fungi on 
rice yield and quality, with a special emphasis on 
arsenic content in grain.

Commercially available products were used 
in this research. In the three trials, there were 
no differences in the germination rate or speed 
among treatments. Similarly, plant samples 
collected at three time points during the trial 
showed no significant differences in root or 
shoot growth among treatments. 

The shoot nutrient content measured at 
booting stage of rice indicated no differences 
in the content of nitrogen and phosphorus. 
However, significant differences were found in 
shoot potassium content among treatments. It 
is not clear why inoculation with mycorrhizae 
would have an effect on rice shoot potassium.

Yields obtained in these field trials were 
close to local averages. No statistically 
significant differences in yield were observed 
among treatments at any of the three locations. 
Also, there was no significant difference in grain 
protein content among treatments.

Grain total arsenic was lowest in the Butte 
County trial and highest in the Sutter Basin trial. 
Inorganic arsenic was measured for the Glenn 
County trial, which had the best probability for 
mycorrhizae colonization due to relatively low 
soil phosphorous status. The grain inorganic 
arsenic in that trial varied from 154 to 173 parts 
per billion (ppb)—lower than the 200 ppb 
limit for white rice proposed by the Codex 
Committee on Contaminants in Food.

Root microscopy revealed low rates of 
mycorrhizal colonization in all plants regardless 
of treatment, which may be explained by 
the continuous flood system and anaerobic 
soil conditions that restrict fungal growth. 
Application method did not affect colonization 
or affect rice yield quantity or quality.

In conclusion, seed or soil application of 
commercially available mycorrhizae products 
did not improve yield or grain protein content 
of rice grown in a continuous flood system. At 
two of three test sites, significant differences 
were found in plant tissue potassium content at 
booting stage, but the treatment effects were 
not consistent. Inoculation efficiency was low in 
all treatments. Neither seed nor soil application 
of mycorrhizae had an effect on total arsenic 
or total inorganic arsenic content in harvested 
grain.

Mycorrhizal fungi products are of interest to California rice growers. These products 
have been shown to improve plant nutrition, particularly phosphate acquisition in many 

crop species, and thus are able to improve plant growth. This new project sought to determine 
whether these products could have successful application in rice.

Improving Rice Yield Through 
Mycorrhizal Fungi

Mycorrhizae soil treatment



The objectives of this project were to fabricate, assemble, and distribute 2,000 
copies of a new UC Leaf Color Chart (LCC) to rice growers and allied agricultural 

professionals. The color chart can be used in on-farm nitrogen management decisions to 
help meet discharge requirements under California’s irrigated lands regulatory program.

Production of the  
UC Leaf Color Chart

Production of the UC Leaf Color Chart 19

The original UC Leaf Color Chart was 
created in 2000. At that time 1,500 copies 
of the LCC were produced. The LCC was 
distributed to rice growers, PCAs, and allied 
agricultural professionals throughout the 
Sacramento Valley. No additional production 
has occurred since that time. With inventory 
low—and the need to meet the required 
nitrogen management plan requirements 
for rice— a new production run of the 
LCC was initiated. In this project, careful 
attention to quality was taken to ensure that 
newly fabricated leaf color charts would 
be identical in color characteristics and as 
durable as the original.

The colors of the individual plates on the 
original leaf color chart were derived from 
the spectral reflectance signature of rice 
leaves in a range of leaf nitrogen contents. 
The actual leaf color was captured with a 
spectrophotometer, and the resulting color 

descriptors were used to formulate the colors 
used in construction of the leaf color chart.

In this project, researchers worked 
with TechmerPM of Rancho Dominguez to 
spectro-analyze and digitally render the 
individually unique colors to ensure that 
the next-generation leaf color chart reliably 
describes the actual color of a rice leaf. The 
resulting data were used to formulate high 
temperature-resistant, UV stabilized, colorized 
acrylic plastic. Test plates were created to 
compare with the original leaf color chart. 
The process was repeated until the colored 
plastic matched the original leaf color chart. 
Once the formulation was complete, colorized 
nonreflective acrylic plastic pellets were 
manufactured for use in an injection molding 
process.

The new leaf color charts were 
manufactured and assembled by a Chico 
company, WREX. The Chico State School of 
Engineering created schematics describing 
individual components. 

The new leaf color charts were delivered 
in April 2016. The new charts are different in 
one important respect. The lightest colored 
cell from the original leaf color chart has been 
omitted and an additional darker green cell 
has been added to accommodate varieties 
with darker leaf color. The total number of 
color cells remains unchanged at eight.

The new leaf color chart will be calibrated 
with a nitrogen by variety experiment at 
the Rice Experiment Station during the 
2016 growing season. Leaves from selected 
California rice varieties grown with different 
levels of fertilizer nitrogen will be sampled. 
Leaves will be laboratory analyzed for total 
nitrogen. Results will be correlated with the 
color cells in the leaf color chart to produce 
a calibration curve and table that will be 
included with all new leaf color charts. 

Project Leader
Randall “Cass” Mutters,  

farm advisor 
UC Cooperative Extension 

Butte County

Original color chart

New color chart

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

Added

Deleted

A new, darker green color cell has been added, while the lightest-
colored cell from the original leaf color chart has been removed.  
(The above is for illustration purposes only.) The new leaf color chart 
will be calibrated with a nitrogen by variety experiment during the 
2016 growing season.



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

herbicide-resistant weeds, the development of new tools and technology to manage weeds 
in rice, and to comply with personal and environmental safety requirements.
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at the 4-leaf stage of rice improved control of 
ducksalad. However, ricefield bulrush control 
was limited to 85%. A tank mix of Granite® SC 
and SuperWham!® applied at 4-leaf stage of 
rice provided 100% control of ricefield bulrush. 
Although Bolero®-based programs provided 
excellent control of grasses and ALS- and 
propanil-resistant smallflower umbrella sedge, a 
substantial level of stand reduction was observed.

Cerano® applied at the day of seeding 
provided more than 90% watergrass and 
sprangletop control. A foliar application of 
Super Wham! ® at 1-tiller stage following 
Cerano® provided perfect watergrass control, 
although control of ricefield bulrush and 
smallflower umbrella sedge was less than 75%. 
Cerano® followed by a granular application of 
Shark® H20 with Londax® or Halomax® at 3-leaf 
stage of rice, and then followed by a late foliar 
application of SuperWham!® at 2-tiller stage 
provided complete control of all weed species. 
An alternative with similar efficacy was Cerano® 
followed by Granite® GR at 3-leaf stage of 
rice, followed by a tank mix of Abolish® with 
Regiment® at 5-leaf stage of rice.

Granite® GR offers a broader spectrum 
of weed control compared to Bolero® 
and Cerano®, although it lacks efficacy on 
sprangletop and redstem. While a follow-up 
foliar application of SuperWham!® alone at 
1-tiller stage offers overlapping control of some 
weed species, it does not control sprangletop 
and redstem. Granite® followed by a tank mix 
application of Abolish® with Regiment® at 5-leaf 
stage of rice provided 100% sprangletop control. 
The addition of Shark® H20 at the 2.5-leaf stage 
of rice maximized overall weed control.

The Shark® H20-based programs offer 
control of ALS- and propanil-resistant ricefield 
bulrush and smallflower umbrella sedge. A 
follow-up tank mix application of Abolish® with 
Regiment® at 5-leaf stage of rice controlled 
multiple-resistant watergrass escapes. Another 

Research in 2015 focused on the efficacy of 
new and existing herbicides, alternative crop 
establishment methods as a means of altering 
weed dynamics, and herbicide resistance 
strategies to deal with this problem in California 
rice fields.

Herbicide programs
Herbicides 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. Following are highlights of this work.

Continuous flood systems
Continuous flood systems promote the 
suppression of weeds such as barnyardgrass 
and sprangletop. Predominant weeds in this 
system include early and late watergrass, 
followed by ducksalad, ricefield bulrush, 
smallflower umbrella 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®, Halomax®, Londax®, and 
Shark® H20. Combining two of these herbicides 
can provide broad-spectrum control.

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®.

In studies of the efficacy of sequential 
and herbicide combinations, all Bolero®-
based programs applied at the 2-leaf stage 
of rice provided 100% control of watergrass, 
sprangletop, and smallflower umbrella sedge. 
Inclusion of SuperWham!® with a crop oil 
concentrate at the 1-tiller stage or Regiment® 

Weed Management in Rice
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option is to use Regiment® at the highest label rate at 
the 4-leaf stage of rice.

For Clincher®-resistant sprangletop, a program with a 
granular application of Cerano® day of seeding or Bolero® 
at 1-leaf stage of rice, followed by a foliar application of 
Abolish® at 5-leaf stage of rice, is recommended.

Butte® is granular mixture of benzobicyclon and 
halosulfuron developed by Gowan® for use in water-
seeded rice. It has good activity on sedges such as 
ricefield bulrush and is also effective on young watergrass 
seedlings. Rice is generally tolerant to this herbicide, 
although some stunting was observed in combinations 
with Cerano®. Butte® provides good broad-spectrum 
weed control. Combining it with herbicides such as 
Clincher®, Cerano®, and Granite® will improve grass 
weed control at later stages of rice development.

Butte® was evaluated at two rates—both alone and 
in combination with other herbicides. Applied early 
postflood, Butte® provided a broad spectrum of weed 
control with an exceptional level of crop safety. A 
follow-up 1-tiller stage application of SuperWham!® 
with Grandstand®, Granite® SC, or Regiment® 
provided 100% control of all weeds. While stand-alone 
applications of Butte® offer excellent weed control in 
water-seeded rice, a follow-up application or inclusion of 
a partner granular herbicide will improve weed control.

Strada® is a granular formulation of orthosulfamuron 
(an ALS-inhibiting herbicide) developed by Nichino 
America Inc. Efficacy of this compound was evaluated 
in a Cerano®-based program tank-mixed with 
SuperWham!® or Shark® H20 at 35 days after seeding 
(2-tiller stage). Cerano® followed by a tank mix of 
Strada® with SuperWham!® or Shark® H20 provided 
more than 95% control of watergrass and more than 
80% control of ricefield bulrush. Smallflower umbrella 
sedge control was more than 95% with the program 
containing SuperWham!®.

Pinpoint system
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. 
SuperWham!® applied alone at 4-leaf stage of 

rice provided more than 97% control of watergrass, 
ricefield bulrush, and smallflower umbrella sedge. 
When tank-mixed with Clincher®, SuperWham!® at 
4-leaf stage of rice was effective in controlling both 
watergrass and sprangletop. One week after this 
treatment, a tank mix of Clincher® and Granite® SC 
provided perfect control of all weeds. With two follow-
up applications of Shark® H20 at 4-leaf stage of rice 
and Abolish® with Regiment® at 5-leaf stage of rice, the 
overall efficacy was 100%. The addition of Shark® H20 
to the weed management program offers improved 
efficacy, including control of ALS inhibitor- and/or 
propanil-resistant sedges. The tank-mix application of 
Regiment® with Abolish® provides a synergism effect 
on watergrass and also helps in controlling multiple 
herbicide-resistant watergrass.

A single application of Clincher®, Granite® SC, 
and Abolish® at 2- to 3-leaf stage of rice provided 
100% control of watergrass and sprangletop—and 
excellent control of ducksalad, ricefield bulrush, 
and smallflower umbrella sedge. This program will 
not control ALS-resistant ricefield bulrush and 
thiobencarb-resistant watergrass populations. 
However, it is a good alternative for fields with 
Clincher®-resistant sprangletop populations. 
Similar results were obtained when Regiment® or 
Granite® SC were applied at the 3- to 4-leaf stage 
of rice, followed by a tank mix of SuperWham!® with 
Clincher® at the 1-tiller stage.

Excellent control of watergrass, sprangletop, 
ricefield bulrush, and smallflower umbrella 
sedge was achieved by Clincher® alone at 3- to 
4-leaf stage of rice, followed by a tank mix of 
SuperWham!® with Grandstand® at 1-tiller stage or 
Abolish® with SuperWham!® at 3- to 4-leaf stage 
followed by Granite® SC alone at the 1-tiller stage. 
Grandstand® effectively controls ricefield bulrush 
and redstem and is particularly useful in fields with 
herbicide-resistant populations of these weeds. 
Abolish® is a better choice than Grandstand® when 
ducksalad is predominant.



species. In this program, the second application of 
Prowl® extends suppression of watergrass, whereas 
the tank mix of SuperWham!® and Clincher® provides 
overlapping efficacy on emerged barnyardgrass and 
watergrass. Shark® H20 supplements SuperWham!® 
for controlling smallflower umbrella sedge (including 
propanil-resistant types). This is an intensive program 
for controlling watergrass and sedge and is particularly 
suited for controlling herbicide-resistant populations 
of grasses and sedges. Similar levels of weed control 
may be achieved without Shark® H20 when Abolish® 
is used as a delayed pre-emergence application 
and watergrass and smallflower umbrella sedge are 
susceptible. Use of Abolish® and Prowl® in alternate 
years will help to limit the development of resistant 
watergrass.

Herbicide research 
Five experiments were conducted in 2015 to 
evaluate different formulations, adjuvants, and new 
active ingredients in a continuous flood system.

Butte®—A new formulation of Butte® that more 
rapidly releases in water slightly improved early 
and late watergrass control compared to the 
existing formulation. The new formulation provided 
equal control of ducksalad, ricefield bulrush, and 
smallflower umbrella sedge compared to the existing 
formulation. It was found to be safe on rice. Grain 
yields for both formulations was equal.

Rice Edge®—Rice Edge® 60 DF is a formulation 
of propanil with halosulfuron from RiceCo LLC 
for use as an alternative to SuperWham!®. Tested 
under both continuous and pinpoint flood systems, 
it provided good to excellent control of grasses, 
sedges, and broadleaf weeds when applied at 5-leaf 
stage of rice. Weed control was not as effective at 
3-tiller stage.

NAI-1777—NAI-1777 is a granular formulation 
of pyraclonil from Nichino America Inc. that has a 
similar mode of action to Shark®. A rate and timing 
study showed that this compound has excellent 

Drill-seeded rice
Drill-seeded systems offer flexibility for herbicide 
use when proximity to sensitive crops restricts 
aerial applications. Drill seeding favors weeds 
that are adapted to dryland seedbeds such 
as sprangletop and barnyardgrass and is less 
favorable to aquatic species such as ricefield 
bulrush, ducksalad, and redstem. In 2015 
experiments, the prevailing weeds were early 
and late watergrass, barnyardgrass, smallflower 
umbrella sedge, and sprangletop.

Abolish® and Prowl® are valuable residual 
herbicides that provide early weed control up 
to the start of permanent flood. Both herbicides 
suppress watergrass and barnyardgrass. However, 
Abolish® is more active on smallflower umbrella 
sedge than Prowl®. Regular flushing before 
permanent flood activates these herbicides and 
also helps in the establishment of rice plants. For 
a delayed pre-emergence application of these 
herbicides, rice seed is first drilled into dry soil 
and then the field is flushed once before herbicide 
application. One or two follow-up foliar herbicide 
applications are necessary for effective control. 

Prowl® provided 62% control of watergrass 
species and 31% control of smallflower umbrella 
sedge. Abolish® was less effective on watergrass than 
Prowl®, although it was exceptionally effective on 
smallflower umbrella sedge. All the foliar applications 
following the Prowl® treatments provided excellent 
control of smallflower umbrella sedge (98% to 
100%). A foliar application of SuperWham!® 
alone, following Abolish® or Prowl® application, 
improved control of watergrass compared to Prowl® 
alone but was not adequate. Following the pre-
emergent application with a tank mix of Abolish® 
and Regiment® at 5-leaf stage of rice watergrass 
control was greatly improved. Foliar applications 
of Prowl® with SuperWham!® and Clincher® at 
3-leaf stage of rice and Shark® H20 at 4-leaf stage 
of rice provided excellent control of watergrass 

Weed management project leader Kassim Al-Khatib discusses herbicide trials during the 2015 rice field 
day at the Rice Experiment Station.
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activity on sedges (ricefield bulrush, smallflower 
umbrella sedge). It also has good activity on ducksalad. 
It demonstrated excellent crop safety when applied at 
1-leaf stage of rice.

NAI-1444—NAI-1444 is a granular formulation of 
ipfencarbazone from Nichino America Inc. that has a 
similar action to metolachlor (Dual®). It showed good 
activity on early and late watergrass and also showed 
good activity on smallflower umbrella sedge. This 
herbicide has good crop safety on rice.

OR-009—OR-009 is a non-ionic surfactant by 
Oro-Agri that increases the efficacy of propanil 
(SuperWham!®). SuperWham!® was applied alone and 
with OR-009 at different concentrations at the 1- to 
2-tiller stage of rice. OR-009 slightly improved early 
watergrass and ricefield bulrush. Smallflower umbrella 
sedge and ducksalad control with SuperWham!® and 
OR-009 was equal to SuperWham!® applied alone. 
Further research is needed to optimize OR-009 with 
SuperWham!® or other foliar-applied herbicides.

Developing management alternatives
To establish appropriate timing of weed control 
interventions, it is necessary to be able to predict 
the dynamics of weed germination and emergence. 
Current models combine information about irrigation 
method and soil temperature to provide species-
specific emergence and growth curves. This model is 
being updated and validated for smallflower umbrella 
sedge and ricefield bulrush.

The dynamics of weed emergence are also under 
study in three different irrigation systems: water-
seeded alternate wet and dry, drill-seeded alternate 
wet and dry, and water-seeded conventional. 
Evaluations of weed dynamics are in their final stages.

Herbicide resistance
Propanil-resistant smallflower umbrella sedge and 
ricefield bulrush populations have been confirmed 
in California rice fields. The resistant line has shown 

a remarkable 14-fold increase in resistance to 
propanil, as well as increased resistance to other 
herbicides. The propanil-resistant line, however, 
displayed a four-fold increased susceptibility to 
bentazon (Basagran®). Research results suggest 
that elevated propanil metabolism is not the 
resistance mechanism.

A field study evaluated the efficacy of different 
rates of bentazon applied alone or in combination 
with SuperWham!®. Bentazon provided excellent 
control of smallflower umbrella sedge and ricefield 
bulrush. Bentazon did not provide adequate 
control of ducksalad and did not provide any 
watergrass control (not surprising since bentazon is 
an herbicide for broadleaf weed control).

Ricefield bulrush resistance to propanil was 
similar to smallflower umbrella sedge. It also 
displayed increased susceptibility to bentazon. 
Propanil and bentazon mixtures can thus be used 
for efficient control of both propanil-resistant and 
susceptible ricefield bulrush.

ALS-inhibiting herbicides such as Londax®, 
Regiment®, Granite®, Strada®, and imazosulfuron (a 
component of League® MVP) are used in California 
rice fields to control sedges and broadleaf weeds. 
Research was initiated to investigate the response 
of ALS-resistant smallflower umbrella sedge and 
ricefield bulrush to different ALS herbicides and to 
determine the molecular mechanism of resistance. 
A similar project is under way on the watergrass 
complex. Results of these projects will help 
growers manage ALS-resistant weeds.

Testing of suspected herbicide-resistant weeds in 
grower fields is under way in the greenhouse at the 
Rice Experiment Station. Approximately 80 samples 
were collected by growers and PCAs. Specimens 
include barnyardgrass, early and late watergrass, 
smallflower umbrella sedge, sprangletop, ricefield 
bulrush, and redstem. Herbicide testing should give 
growers options and recommendations if they have 
resistance in their fields.
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RWW flight and biology
The 2015 rice water weevil spring flight was 
perhaps the lowest it has been in 25 years. 
Only 163 RWW adults were captured from 
March 18 to June 19. This compares with counts 
in the 800s in 2013 and 2014, and more than 
4,000 in 2012. The reasons for this trend are 
not known, but unusual winter weather and 
environmental conditions likely played a role. 

RWW management
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. Nine active ingredients 
were to be examined in 29 treatments in 
ring plots in 2015. However, severe herbicide 
phytotoxicity stunted plant growth and root 

system development and resulted in practically 
no survival of established RWW populations. A 
contributing factor may have been lower than 
normal water levels in the plots. The lack of 
water in the soil profile because of low winter 
precipitation made it difficult to maintain normal 
water levels.

Coragen® is a new product being considered 
for registration on rice. As a seed treatment, it 
has afforded only moderate RWW control. Other 
methods of application, timings, and formulations 
are being studied. Preflood applications appear 
to be the most effective. In 2015, field studies 
focused on the timing of preflood applications 
and whether soil incorporation is needed. 
Stand establishment was good in this study. 
Phytotoxicity was very slight. Leaf scarring by 
RWW adults was low. Applying Coragen® no 
more than five days before seeding produced the 

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 2015 were rice water weevil, tadpole shrimp, 

and stink bugs. Low naturally occurring populations of rice water weevil (RWW) last 
year made research on this pest challenging. Studies of tadpole shrimp have become 
increasingly important, as this pest has become more prevalent. Stink bug research 
included studies of native species, as well as invasives. Armyworms were at unprecedented 
levels in grower fields, but not in research plots at the Rice Experiment Station. The goal 
of this work is to refine and advance cost-effective integrated pest management practices 
that protect the rice agroecosystem. 
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best RWW control. Overall, this product appears to be 
a good fit for RWW control with a preflood timing and 
will be a good complement to Belay®, which is used 
postflood at the 1-3 leaf stage. It effectively controlled 
rice water weevil with a preflood application. Plots 
treated with Coragen® generally produced at least 500 
pounds/acre more grain than untreated plots under 
moderate weevil pressure.

Winter flooding of rice fields has been shown to 
reduce RWW larval populations the following spring. 
One possible explanation for this effect may be related 
to changes in soil chemistry. A study examined levels 
of methane, arsenic, silicon, and the plant nutrients 
nitrogen, phosphorous, and potassium. There was 
little evidence that these factors are associated with 
changes in the population of rice water weevil. It is 
possible that a microbial agent may reduce RWW larval 
populations following winter flooding.

Variety susceptibility studies 
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 influence pest interactions and rice plant 
response.

Four cultivars (M-202, M-209, L-206, and an 
experimental line) were grown in aluminum rings 
for assessing adult scarring, larval populations, and 
yields. Although germination was good, these plants 
suffered herbicide damage. Nonetheless, RWW adult 
feeding scars were evaluated. There was no significant 
difference among the four cultivars. Feeding scars were 
moderately severe.

A small plot study had a low RWW infestation. 
Because of this low RWW population, there were no 
differences between the treated and untreated plots 
or across varieties.

Another study examined seeding rate and rice 
variety effects on yield response to RWW feeding. 
Stand establishment was good and the RWW 
infestation proceeded as planned. Scarring was 
higher on M-202 than on M-206, especially at higher 
RWW levels. Given similar RWW infestations, grain 
loss was higher in M-202 than in M-206.

Tadpole shrimp
Tadpole shrimp has emerged as a significant pest 
of rice over the last five years. A field study was 
conducted to evaluate registered and experimental 
products on tadpole shrimp control in ring plots. 
Warrior®, especially with the postflood timings, 
provided excellent control. Coragen®, Doubletake® 
(a mixture of active ingredients in Dimilin® and 
Warrior®) early postflood, and an experimental seed 
treatment also were highly effective. Belay® applied 
at the early postflood timing was very effective, but 
the preflood application was less effective. 

With the increase in tadpole shrimp challenges, a 
better understanding of this pest’s biology is needed. 
Studies were initiated to examine factors that could 
be causing increased tadpole shrimp problems 
and to quantify tadpole shrimp abundance in rice 
fields. Four fields were sampled to look at vertical 
distribution of tadpole shrimp eggs. The intent is to 
relate distribution to field edge, inlet, and other areas 
for more targeted management.

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 

Greenhouse studies complement field research of invertebrate pests.

Seeding ring plots



rice varieties. Damage ranged from 2% to 4% in 
M-206 and L-206 and 4% in Calmochi-203. Grain 
weights per panicle were more severely impacted, 
with the most severe losses in S-102 at 27.5%. 
M-202 suffered no yield loss. In a large cage with 
50 panicles, damage percentages were similar.

The brown marmorated stink bug is a relatively 
new invasive species to the United States (1998) 
and to California (2005). It is established in 
nine counties and has been detected in 17 other 
counties. This pest has a wide host range. Research 
was conducted to evaluate the relationship 
between this pest and rice. In 2014, studies showed 
that it can reproduce and develop on rice. Adults 
inflicted significant damage to developing rice 
panicles. Kernel weight per panicle was significantly 
reduced at the milk stage. No effects were seen 
on weights at the soft and hard dough stages. 
The percentages of blank kernels doubled with 
infestations at the milk and hard dough stages. No 
effects were seen at the soft dough (intermediate) 
stage. The percentage of damaged kernels ranged 
from 17% to 31% across three timings. Brown 
marmorated stink bug is known to occur in several 
Sacramento Valley counties, but more so within 
urban areas. It has infested agricultural areas 
in other states. Pheromone traps placed at five 
locations adjacent to rice fields in 2015 did not trap 
any brown marmorated stink bugs.

Bagrada bug is another invasive stink bug that 
was first found in California in 2008. It is a major 
pest of Cruciferae crop plants but will feed on 
numerous other plants, as well. This species has 
spread from where it was first discovered in Los 
Angeles County and has been documented as far 
north as Yolo County. In October 2015, Bagrada 
bug was found in Butte County feeding on mustard 
plants growing on a levee.

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. 

Results analyzed from 2014 samples were 
somewhat different than those seen in previous 
years. The July application of Warrior® for 
armyworm control had no impacts on nontarget 
organisms. This treatment is usually impactful. 
Also, preflood applications of Belay®, Coragen®, 
Warrior®, and Bacillus thuringiensis spp. galleriae 
all showed substantial impacts on nontargets. This 
effect lasted for up to six weeks after application 
and was much more severe than in past years. The 
3-leaf stage application of Belay®, Coragen®, and 
Warrior® were all mild in terms of system effects. 
Belay®, the newest product registered for use in 
rice at this application timing, was very “soft” on 
nontarget populations. Overall, nontarget insects 
were more severely impacted than other non-
target invertebrates. 

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 bugs were caged and 
observed on developing panicles of M-202. 
Kernel damage up to 5.5% was noted. Perhaps 
as important was a reduction in kernel weight 
produced by the panicles. Stink bug feeding 
caused kernels to abort and thus reduced yield. 
Studies also examined damage potential to six  

Sampling for stink bugs at a field edge
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   Environmental Fate of Rice Pesticides 27

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. 

Environmental Fate of  
Rice Pesticides

Project Leader
Ronald S. Tjeerdema 

professor and associate dean,
Department of Environmental Toxicology, 

College of Agricultural and  
Environmental Sciences, 

UC Davis

Research continued in 2015 on the active 
ingredients in three compounds: the insecticide 
clothianidin (Belay®), the herbicide imazosulfuron 
(League®MVP), and the herbicide benzobicyclon 
(Butte®). New research also began on the 
insecticide chlorantraniliprole (Coragen®).

Clothianidin studies
Clothianidin, marketed as Belay®, is a 
neonicotinoid insecticide recently registered 
in California for pre- and post-flood aerial 
application to protect rice fields against the 
rice seed midge and rice water weevil. 

Research in 2015 confirmed that volatilization 
from water into the air will not be a significant 
route for dissipation of this compound. This 
suggests reduced risk of pollinator exposure. 
Clothianidin has been shown to undergo rapid 
photolytic degradation under simulated California 
summer field conditions. Photolytic degradation is 
expected to be a primary route of degradation for 
this compound and its byproducts.

Aerobic and anaerobic microbial 
degradation were evaluated from soil 
collected from the Rice Experiment Station 
in January and April 2015. Belay® underwent 
rapid microbial transformation in simulated 
flooded conditions but appears to be 
recalcitrant under aerobic conditions. The 

rate of anaerobic degradation increased 
at higher air temperatures, possibly owing 
to increased bioavailability. Overall, the 
data indicate that the rate of microbial 
transformation in rice fields will be faster 
after permanent flood is established and 
the warmer air temperatures typical of peak 
growing season.

Thus, both photodegradation and anaerobic 
microbial degradation are expected to control 
the dissipation of Belay® when applied to a 
flooded field. Belay® is susceptible to offsite 
transport through drainage. Therefore, 
appropriate holding periods need to be 
established to allow for degradation under 
flooded conditions.

Imazosulfuron studies
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 
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is a sulfonylurea herbicide. These herbicides are 
valued for their broad-spectrum effectiveness, low 
mammalian toxicity, and good crop selectivity.

Previous work showed that imazosulfuron degrades 
rapidly in sunlight. The work undertaken in 2015 aimed 
to more deeply explore field dissipation by photolysis. 
Research examined the reactivity of a selected group 
of important photo-oxidants with imazosulfuron that 
either promoted or inhibited photodegradation. These 
were found to have a negligible impact because direct 
photolysis of imazosulfuron by sunlight is the dominant 
degradation pathway.

Imazosulfuron is mobile in the rice field environment 
because of its high water solubility. Based on the 
predicted photochemical half life of imazosulfuron in a 
California rice field, the state-mandated holding period 
for field water post-League®MVP application (30 days) 
is expected to allow for sufficient clearance of dissolved 
residues of imazosulfuron.

Residues in soil are likely more long-lived, as 
evidenced by several studies and the significant 
crop rotation periods needed post-imazosulfuron 
application. Imazosulfuron soil degradation appears to 
accelerate under anaerobic conditions; so, permanent 
flooding may help remove these residues from soil. 

Future work will investigate imazosulfuron 
degradation in soil, focusing in particular on 
the influence of thiobencarb on imazosulfuron 
degradation (and vice versa). Growers can expect 
imazosulfuron photodegradation rates to be slower in 
turbid, cloudy water.

Benzobicyclon studies
Herbicide resistance has been increasing in 
California rice fields, with several weed species 
already resistant to one or more classes of current 
rice herbicides. Use of herbicides with alternative 
modes of action such as Butte® (active ingredient 
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. 

Previous experiments showed that volatilization 
does not play a significant role in the dissipation 
of Butte® under field conditions. Loss of Butte® 

through hydrolytic degradation appears to be 
a more significant contributor. Hydrolysis of 
benzobicyclon was investigated in water with 
varying pH, temperature, and dissolved organic 
matter content. The potential for BH to hydrolyze 
also was assessed. 

Complete benzobicyclon dissipation from 
hydrolysis is expected to occur under flooded field 
conditions between two and nine days, depending 
on air temperature. Dissolved organic matter and 
pH also significantly affected hydrolysis rates. An 
increase in temperature substantially increased the 
rate of BH formation.

BH hydrolysis experiments indicated BH is 
relatively stable to hydrolysis in field water and 
under acidic conditions, which suggests that 
hydrolysis will not be a major dissipation pathway 
for BH. Future work will focus on BH sorption and 
degradation in rice field soil.

Chlorantraniliprole studies
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 was proposed for registration on 
rice by the California Environmental Protection 
Agency in 2014. While it is not currently registered 
for use on rice in California, approximately 89,000 
pounds of the active ingredient were applied in 
2013 to protect California tree fruits, ornamentals, 
grapes, and other field crops.

Chlorantraniliprole has the potential to be 
persistent and mobile within both terrestrial and 
aquatic environments. Research in 2015 examined 
the air-water partitioning of chlorantraniliprole. 
This work showed that volatilization from water 
or soil will not be a significant dissipation route 
of chlorantraniliprole from rice fields. 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.
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Understanding the Effects of Rice Herbicide Drift on Walnut 29

The overall objective of this new project is to determine the effects of rice 
herbicide drift on walnut growth and nut production. Specific objectives for 

2015 research included:
 • Compare walnut injury symptoms from simulated drift of common herbicides 
used in agronomic and orchard crops.

 • 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 receiving multiple 
exposures of simulated herbicide drift.

Understanding the Effects of Rice 
Herbicide Drift on Walnuts

Project Leader
Brad Hanson 

UC Cooperative Extension  
weed specialist,

Department of Plant Sciences, 
UC Davis

Greenhouse drift study
Beginning in April 2015, a greenhouse study 
evaluated the relative herbicide sensitivity 
of pot-grown walnuts to gauge treatments 
for subsequent field trials. Bispyribac 
sodium (Regiment®), bensulfuron (Londax®), 
and propanil (Stam®) were applied at three 
rates. Injury estimates were conducted once 
a week for a period of five weeks. At the last 
assessment, the leaf area of each tree was 
recorded. 

First symptoms were noticed three days 
after application and became more evident 
seven days after treatment. The severity of 
symptoms peaked 21 days after treatment, 
and then plants started to recover. Five 
weeks after treatment, walnuts appeared 

to have recovered from herbicide injuries, 
although symptoms were still present.

Field drift study
In June 2015, a field experiment on two-year-
old walnuts was initiated. Herbicides tested 
included bispyribac sodium, bensulfuron, 
and propanil. Each was applied at four rates, 
simulating plausible drift. Injury estimates 
were made at one, two, three, four, and 
eight weeks after herbicide application. Leaf 
counts were also made at four, eight, and 12 
weeks after herbicide application.

All herbicides caused significant damage 
and delayed growth of young walnut leaves 
and shoots. Symptoms were first noticed 
three days after application and became 
more evident seven days after treatment. 

Studies of commonly used 
rice herbicides evaluated the 

potential for drift injury in 
walnuts. These photos show 

damage from bispyribac sodium. 



counted. Leaf counts were then conducted at 
each assessment.

Multiple exposures to bispyribac sodium 
caused significant damage and delayed growth 
of young walnut leaves and shoots. Symptoms 
were similar to single drift exposures 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 of this herbicide 
at 10% of the rice use rate in the single exposure 
study.

A trend toward reduced shoot growth after 
multiple drift exposure also was observed. 
Although walnuts started to recover seven days 
after the last application, symptoms were still 
evident at the end of the growing season.

Conclusion
Data collected from 2015 research showed that 
rice herbicide drift may slow down and affect 
the growth of young walnuts. However, the 
effect of these symptoms on the next year’s 
nut production is still not clear and needs 
to be established in further studies. Follow-
up evaluations and yield estimates will be 
conducted in 2016 on treated trees and the 
experiments will be repeated in a different 
orchard.

Severity of symptoms peaked 21 days after 
treatment, and then plants started to recover. 

Bispyribac sodium and bensulfuron caused 
similar damage: interveinal chlorosis, leaf 
deformation, stunting, and distorted shoot 
growth. Propanil caused significant damage 
only when applied at the 10% use rate. Even 
at that rate, propanil appeared not to damage 
nor delay the growth of young shoots and 
subsequent growth as much as the ALS-
inhibitors bispyribac sodium and bensulfuron. 
The ALS inhibitors appear to have an effect on 
the number of new leaves produced following 
simulated drift. At the end of the growing 
season herbicide symptoms were still evident, 
although markedly different for the ALS 
inhibitors than for propanil.

Multiple herbicide exposures
A field trial examined two-year-old walnuts 
exposed to herbicide drift multiple times in a 
season. Bispyribac sodium was applied four 
times at weekly intervals at two different rates. 
The first application was made in June 2015. 
Injury estimates were collected at one, two, 
three, four, and seven weeks after application. 
Prior to the first treatment application, three 
actively growing shoots per tree were marked 
and the number of leaves per shoot was 

Data collected from 2015 research showed that rice herbicide drift may slow down and 
affect the growth of young walnuts. Propanil damage (left); bensulfuron damage (above).
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Mercury in California Rice Systems 31

Mercury is naturally present in some soils of 
the Sacramento Valley, but mining operations 
in the surrounding mountain ranges may also 
contribute to soil mercury levels. Under flooded 
conditions, mercury forms methyl mercury and 
becomes more bioavailable.

This is the third year of this research project. 
In 2015 the following objectives were addressed 
in three separate studies:
 • 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 
are higher in certain parts of the region than 
in others.

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

 • Evaluate the effects of alternate wetting and 
drying of soil on methyl mercury dynamics.

Literature review and analysis
Analysis of existing measurements of methyl 
mercury concentration from sites along the 
Sacramento and Feather rivers, as well as two 
main agricultural drains (Sacramento Slough and 
Colusa Basin), revealed some important trends.

Methyl mercury concentrations were higher 
in winter and spring, and lower in summer and 
fall. Agricultural drainage sites and locations 
downstream of the confluence of the Sacramento 

and Feather rivers had higher concentrations 
in the winter than in the summer. Upstream 
locations on the Sacramento and Feather rivers 
did not change much between seasons.

Methyl mercury concentrations were higher 
in agricultural drainages than other locations 
in both seasons. Upstream Sacramento 
River and Feather River locations had the 
lowest concentrations, while intermediate 
concentrations were observed in the confluence.

To better understand how much methyl 
mercury is coming from the agricultural 
drains, loads were calculated. The load is the 
concentration times the volume of water over 
time. Load calculations have been limited by 
data gaps. For instance, there was no flow data 
available for Sacramento Slough. Nonetheless, 
this study determined that loads from rice 
drainages are small compared to loads in the 
Sacramento and Feather rivers. While methyl 
mercury concentrations were high in agricultural 
drainages, the flow volume was relatively small. 
Thus, the load also was low.

Quantifying mercury loads
Another important objective of this project 
is to quantify methyl mercury loads for rice 
fields. Methyl mercury and total mercury were 
monitored in a Butte County field in 2014 and 
2015. A Yolo County field was added to the 
study in 2015, and monitoring will continue there 
through spring 2016.

Mercury in California Rice Systems

The overall objective 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.

Confluence of the Sacramento and Feather rivers

Project Leader
Bruce Linquist 

UCCE rice specialist,
Department of Plant Sciences, 

UC Davis



The fields differed in size, irrigation source 
water, water management, and soil methyl mercury 
concentration. Monitoring involved collecting 
water samples from the inlet and outlet of each 
field during the growing and fallow seasons. The 
amount of water entering and leaving the fields was 
continuously monitored in order to estimate loads.

In the 120-acre Yolo field, methyl mercury and 
total mercury outlet concentrations were higher 
during the winter fallow season than during the 
growing season. Growing season methyl mercury 
concentrations were higher in the Yolo field 
than in the 55-acre Butte field. Within the Butte 
field’s flooded periods (growing season and 
winter fallow), the highest concentrations were 
observed early in the season and declined as the 
season progressed. In the Yolo field, the highest 
concentrations were observed in the bottom check 
during the early season drain. Inlet concentrations 
were consistently low for the Butte field. At the 
Yolo site, inlet methyl mercury concentrations 
increased throughout the growing season, while 
total mercury was highly variable.

During the growing season, methyl mercury 
and total mercury imports exceeded exports, 
indicating that the fields act as a sink during this 
time. About 10% of the methyl mercury and 50% 
of total mercury exports occurred during the 
early season drain. For the total growing season, 
41% of the methyl mercury and 14% of the total 
mercury exported occurred during the harvest 
drain. In the Butte field, a relatively small fraction 
of total growing season exports occurred during 
the harvest drain. During winter fallow, the Butte 

field was a net source of methyl mercury and total 
mercury, with exports exceeding imports. On an 
annual basis, the Butte field was a net source for 
methyl mercury, but a net sink for total mercury.

Methyl mercury dynamics
Alternate wetting and drying (AWD) of rice fields 
introduces aerobic (or dry) cycles into the water 
management system during the rice growing 
season. This changes soil chemistry and may 
reduce methyl mercury production within the 
rice system. In connection with another project, 
AWD is being evaluated to see if it will reduce 
greenhouse gas emissions and grain arsenic levels. 
In 2015, researchers sampled water, soil, and plant 
samples at different parts of the growing season 
to see the effects of AWD on methyl mercury. A 
preliminary analysis suggests positive benefits:
 • Methyl mercury concentrations in rice grains 

were below reporting limits for four of the six 
plots studied.

 • Methyl mercury concentrations from rice grown 
at the Rice Experiment Station were more 
than 10 times lower than rice grown in the Yolo 
Bypass.

 • AWD reduced both grain and surface 
water methyl mercury concentrations by 
approximately 50%.

 • Methyl mercury concentrations in the AWD 
floodwater were less than half of that found in 
conventional floodwater.
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One of the objectives of this research was to determine the effects of alternate wetting and drying 
(AWD) irrigation on methyl mercury dynamics. Preliminary results suggest positive benefits. Grain 
and surface water methyl mercury concentrations are shown above in AWD and in control plots.
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Identifying Opportunities for Improving Water Use Efficiency 33

This goal of this project is to identify opportunities to conserve water in California 
rice systems. Objectives of 2015 research were to:

 • Develop an online tool that can estimate time to panicle initiation, heading,  
and maturity.

 • Determine how drill seeding and water temperature affect crop development.
 • Quantify floodwater and soil salinity variation across fields and time.
 • Evaluate rice varieties for tolerance to salinity in pot and field studies.

Identifying Opportunities for 
Improving Water Use Efficiency

Project Leader
Bruce Linquist 

UCCE rice specialist,
Department of Plant Sciences,  

UC Davis

Crop model development
Developing a model to accurately predict crop 
development has been one of the objectives 
of this project for several years. Research 
into the time required to reach various crop 
development stages was completed in 2014. 

In 2015, an online tool was developed that 
will allow producers to estimate the time 
to panicle initiation, heading, and maturity. 
Users select a weather station, variety, and 
planting date. The current model works with 
varieties CM-101, M-104, M-105, M-202, M-205, 
M-206, S-102, and L-206. Crop development 
is expected to proceed based on the 
accumulation of thermal time or “degree day” 
accumulation. The model can be accessed 
at the University of California Rice On-line 
website at rice.ucanr.edu. Link to DD Model/
Crop development.

Water temperature and 
management
In 2013 and 2014, field trials were conducted at 
the Rice Experiment Station to determine the 
effect of water temperature and management 
on crop development. An experiment evaluating 
alternate wetting and drying was used for this 
study.

Treatments included wet-seeded continuous 
flood, wet-seeded with intermittent wet and 
dry periods following canopy closure, and drill-
seeded with intermittent wet and dry periods 
throughout the season. 

Results were similar in both years of 
the study. Panicle initiation, heading, and 
physiological maturity were delayed in the 
drill-seeded treatment by three, six, and eight 
days, respectively. There was no difference in 
the other treatments. This suggests that water 

Measuring the salinity of 
incoming irrigation water



management—perhaps because of differences in 
air and water temperature—plays an important 
role in rice development and degree-day 
accumulation. 

In another study, various M-206 fields in Butte 
County receiving cold water were identified. 
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 
determined. Results are still being evaluated. This 
work will be finalized in 2016.

Salinity in no-spill systems
The drought of recent years has 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. 
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 throughout the season in no-spill systems 
that did not differ from the pattern in continuous 
flow-through systems. Floodwater salinity levels 
are highest early in the season and farthest from 
the inlet.

Average water salinity levels were low in fields 
studied in 2014, and no yield reductions due to 
salinity were observed. However, in 2015 slight 
yield reductions due to salinity were observed. 

Further analysis is under way, with the aim of 
developing a model that can be used to help 
growers avoid critical, yield-reducing salinity levels. 

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. Although further analysis is 
needed, preliminary results show no relationship 
between soil salinity and yield.

Variety salinity tolerance
In 2015, a salinity variety trial was conducted in 
the bottom check of a field receiving moderately 
saline water. Eight varieties were compared, 
with four replicates per variety. There were no 
significant differences among varieties with regard 
to tolerance to salinity.

In addition to the field trial, a greenhouse study 
examined whether there were differences among 
varieties at different water salinity levels. Four 
varieties (M-202, M-206, M-205, and M-105) were 
grown under four salinity levels. The treatments 
were applied as the rice plants neared heading. 
The number of tillers, panicles, and grains were 
recorded, along with percent fertility and timing 
to 50% heading. M-105 did have the highest 
average yield in both the field trial and greenhouse 
study under moderately saline conditions. The 
greenhouse study showed that all varieties 
suffered as water salinity increased. Further 
analysis of this data may reveal some varietal 
differences, as well as a better understanding of 
how salinity impacts yield.

One of the objectives of this research 
was to evaluate different rice varieties 

for their tolerance to salinity. In a 
field trial, eight rice varieties were 

subjected to moderately saline 
waters. There was a lot of variation 
among replicates and no significant 

differences among varieties with 
regard to salinity tolerance.
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Novel Nanomaterials and Performance Industrial Products 35

Specific research objectives were:
 • Diversify cellulose nanofibril structures using 

sodium periodate oxidation and mechanical 
shear.

 • Create holocellulose nanocrystals and 
nanofibrils products.

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

 • Expand functional carbon materials.

Cellulose nanofibrils
Research on rice straw cellulose nanofibrils sought 
to expand the surface functional properties of these 
novel materials with a new laboratory technique. 
Rice straw cellulose was chemically modified with 
sodium periodate oxidation and then mechanically 
blended into nanocellulose. This process has shown 
promise to generate high yields of nanocellulose 
in both forms of nanofibrils and nanocrystals by 
controlling the extent of oxidation.

Work also continued on a high pressure 
process called aqueous counter collision that 
can fully convert rice straw cellulose in aqueous 
suspension without extra chemicals. Equipment 
has been developed into pilot scale for 
commercial processing of rice straw.

Holocellulose products
Holocellulose nanofibrils (HCNFs) and 
holocellulose nanocrystals (HCNCs) have been 
isolated in higher yields in newly developed 
and streamlined processes. These HCNFs 
and HCNCs are more thermally stable and 
more hydrophobic than their pure cellulose 
counterparts. Both HCNFs and HCNCs are 
more oil dispersible and can self-assemble 
into much finer nanofibers, presenting unique 
characteristics for new potential applications.

Aerogel advances 
Optimization and scaling up aerogel production 
is critical for the application and product 

development of one of the most promising 
products from rice straw nanocellulose. These 
aerogels are superabsorbent of both water and 
oils and are capable of selective absorption and 
removal of organic solvents and oils from water.

Aerogel research in 2015 sought to improve dry 
strength while rendering greater hydrophobicity to 
enable better water-oil separation. A chemical cross-
linking treatment process produced aerogels that 
were highly effective in separating water and oil.

Potential applications for aerogels include oil-spill 
clean up and refined organic-aqueous separation. 

Functional carbon
Carbon quantum dots are nanoparticles with 
unique optical and electronic properties. They 
exhibit strong fluorescence, which allows them to 
be widely applied in biosensing, bioimaging, and 
drug delivery. 

Two approaches were developed to convert 
hemicellulose and lignin from rice straw into 
fluorescent carbon nanoparticles. Work is ongoing 
to complete further characterization and analysis.

This project is developing strategies to isolate major rice straw components and 
convert them into new nanomaterials and value-added industrial products. The 

overall goals for 2015 research were to develop scalable processes and to expand 
functional applications of nanocellulose products and porous carbon materials.

Novel Nanomaterials and 
Performance Industrial Products

Project Leader
You-Lo Hsieh 

professor of fiber and  
polymer science,

Division of Textiles and Clothing, 
UC Davis

Scanning electron 
micrograph 
(SEM) images of 
self-assembled 
fibers from 
holocellulose 
nanofibrils 
(HCNF) from:  
(a) 0.1%; (b) 0.01% 
suspensions, to 
respective  
94 ± 33 nm and 
164 ± 70 nm 
widths.



Insulation panel made 
from rice straw, walnut 
shells, and a biobased 
plastic binder
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Project Leader
Joseph P. Greene 

professor,
Department of Mechanical 

Engineering and Manufacturing 
Technology,

California State University, Chico

The primary objectives of this research project in 2015 were 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, walnut shells, and PHA, a 
biobased plastic binder. These composite 
boards possess properties that rival traditional 
particleboard without toxic volatile organic 
compounds.

Research improved upon the processing 
steps for mixing rice straw with walnut 
shells and PHA plastic. Rice straw laminate 
biocomposite boards were produced with 60% 
PHA, 30% walnut shells, and 10% rice straw. 

Flat sheets from this mixture were molded 
into insulation panels. These biocomposite 
insulation panels were tested to measure 
thermal conductivity and thermal loading for 
insulation properties. 

The biocomposite panels had more 
thermal mass and took longer to heat up 
to temperature and heated to a lower 
temperature than a comparable Styrofoam™ 
panel. Thermal conductivity of the 
biocomposite was 1.5 times greater than 
the Styrofoam™ panels. Also, the insulation 
factor of the composite was 65% less than 
Styrofoam™.

The biocomposite material was also tested 
for tensile, impact, and physical properties. 
Results showed that the biocomposite panel 

Development of Rice Straw Based 
Construction Panels

had 128% higher tensile strength. Results also 
showed that the biocomposite had 83% less 
elongation and 78% less impact strength. Thus, 
rice straw and walnut shells increase the tensile 
strength of PHA plastic but reduce its impact 
strength. 

The biocomposite pellet from which the 
panels were manufactured could be produced 
with typical plastic molding conditions. Thus, 
the production of PHA-rice straw-walnut shell 
biocomposite materials is technically feasible. 
However, the economic feasibility of construction 
panels produced with rice straw, walnut shells, 
and PHA is not favorable because of the high 
cost of PHA resin. 

The production of PHA-rice 
straw-walnut shell biocomposite 
materials is technically feasible. 

However, the economic feasibility 
of construction panels produced 
with rice straw, walnut shells, and 
PHA is not favorable because of 

the high cost of PHA resin.
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A rigid steel ring was used 
to gauge the impact of rice 
straw fibers on restrained 
drying shrinkage on concrete.

Project Leader
Feraidon Ataie 

program coordinator,
Concrete Industry Management Program, 

California State University, Chico

During phase one of this two-year study, rice 
straw was mechanically ground to produce 
fibers with a length of 1 to 5 millimeters. 
These fibers were then added to concrete. 
Four out of 10 planned concrete mixes were 
prepared at four dosages: 1%, 2%, 3%, and 
5%. Workability tests were done, free-drying 
shrinkage tests were performed, and drying 
shrinkage tests were ongoing. 

The rice straw fibers were made damp 
before adding to concrete. The amount of 
water used was five times the weight of 
the fibers, an amount calculated to be the 
adsorption capacity. After 30 minutes, the 

fibers were added to sand and aggregate and 
mixed using a concrete mixer. Cement and 
water were added to make the concrete.

Based on data gathered to date, it appears 
that the addition of rice straw fibers in concrete 
has limited impact on the initial workability of 
concrete. However, workability of concrete 
with added rice straw fibers declined after 20 
minutes.

Results showed that rice straw fibers 
increased free drying shrinkage. This could have 
been because of high water content of concrete 
mixtures or because rice straw fiber was not 
fully saturated before adding to concrete. The 
remaining concrete mixtures to be tested will 
have lower water content.

The addition of rice straw fibers also was 
found to reduce concrete strength. This could 
be the result of impurities such as potassium 
and sodium leaching out of rice straw fibers into 
concrete.

For the proposed second year of the project, 
rice straw fiber will be pretreated with water at 
room temperature to remove impurities before 
adding rice straw fibers to concrete.

The goal of this research project is to utilize rice straw in concrete to mitigate 
concrete drying, shrinkage, and cracking.

Utilization of Rice Straw Fibers as a 
Curing Agent in Concrete



This project is building on more than a decade of research to utilize rice straw 
for livestock forage. Research in 2015 focused on increasing the palatability and 

quality of rice straw fed to cattle. 

Demonstration of Rice Strawlage 
Production
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Nutritional quality studies took place at the 
Parker Ranch and Broken Box Ranch near 
Williams. A feeding study took place at the UC 
Sierra Foothill Research and Extension Center in 
Browns Valley (UC SFREC).

Parker Ranch
Three rice straw treatments were applied prior 
to baling by spraying windrows with a boom 
sprayer. Treatments included molasses, Hay 
Defender® bacteria, and propionic acid. Straw 
was baled at an average of 66% dry matter.

After baling, each treatment was individually 
stacked and wrapped with silage plastic. All 
treatments (including the controls) received 
anhydrous ammonia. Two forage quality samples 
were taken and analyzed.

Anhydrous ammonia had the greatest 
impact on the forage nutritional quality in 
this experiment. Crude protein, pH, and 
metabolizable energy were all higher. Control 
of mold in the rice strawlage also improved 
with treatment. Mold numbers were low in all 
treatments. 

Project Leader
Glenn Nader 
farm advisor,

UC Cooperative Extension, 
Butte, Sutter, and Yuba counties

The other treatments had a much less drastic 
effect on forage quality. In general, propionic 
acid and Hay Defender® slightly reduced crude 
protein and mold counts, while the molasses 
treatment increased pH.

Broken Box Ranch
Treatments consisted of urea applied at two 
different rates. Freshly harvested straw was 
sprayed at baling at a rate of 100 pounds of 
nitrogen/acre or 200 pounds of nitrogen/acre. 
Straw was baled at an average of 75% dry matter. 
Straw was allowed to cure in the field to reduce 
the risk of fire, and then stacked. Two samplings 
were conducted to assess nutritional quality.

The urea treatments increased the crude 
protein levels of the straw. Unlike the ammonia 
treatments that were tarped, however, urea 
without tarping did not decrease mold. No other 
forage quality parameters were affected by 
treatments.

UC SFREC feed trial
The rice strawlage for this experiment was 
harvested and three treatments were applied 



at the Holzapfel Ranch in Willows. Treatments 
included propionic acid, VS3 bacteria, and a 
control. Unlike the previous two studies, the 
dry matter of this strawlage was low. The two 
spray treatments were applied at baling with 
the use of sprayer nozzles mounted inside the 
baler. The straw was sampled and then hauled 
to UC SFREC for a feeding trial.

Cattle and forage quality sampling was 
conducted on day 28 and day 62. All cattle 
received a supplementary canola meal ration.

Intake and cattle performance were similar 
during the first 28 days of feeding. However, 
the VS3 bacterial treatment resulted in much 
higher rice strawlage forage intake during 
the second feeding period from 28 to 62 
days. Intake was more than a half percentage 
point of body weight higher in the VS3 
treatment than in the control or the propionic 
treatments.

The intake in the VS3 treatment resulted 
in much higher body weight, tailhead height, 
and hip width gains, as well as body condition 
score. In fact, the VS3 treated cattle gained 
a full pound per day more body weight than 
the other two treatments. Differences in dry 
matter intake and performance during the 
second feeding period was very encouraging. 

Interestingly, forage quality sampling was 
not predictive of the difference in dry matter 
intake and performance with the VS3 bacteria 
treatment.

Discussion
The complex nature of rice straw is apparent 
in these three experiments. For example, 
the VS3 treatment substantially increased 
rice strawlage intake and associated cattle 
performance. Yet researchers were unable 
to explain this through forage quality 
analysis. However, the cattle demonstrated 
substantially higher dry matter intake and 
performance. 

The rice strawlage at 55% dry matter 
proved highly palatable to cattle. Intakes 
ranged from 10 to nearly 20 pounds dry 
matter strawlage per day. 

Handling at the time of harvest proved 
easy, including loading and unloading during 
trucking. Over time the bales may become 
more difficult to handle. A good strategy to 
overcome this difficulty is to have feeding 
areas close to storage areas. Feeding of 
somewhat lower dry matter straw can help 
maintain straw bale integrity while preserving 
its increased forage quality and palatability.

Work is continuing on these treatments 
with different bailing approaches in an 
effort to find the most practical avenues for 
producers to utilize rice straw. Field days 
were held at the Parker Ranch and at the UC 
SFREC to show producers this research and 
to demonstrate the techniques involved.
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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, 2015 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, 2015, and the changes in its net assets and its cash flows for the 
year then ended in accordance with accounting principles generally accepted in the United States of America.

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

Fresno, California
March 23, 2016
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General Reserve
Fund Fund Totals

ASSETS
   Current Assets:
      Cash and Investments (Note 2) 432,488$       7,841,986$    8,274,474$    
      Assessments Receivable 297,327         -                     297,327         
      Interest Receivable -                     5,252             5,252             
      Other Receivables 20,850           -                     20,850           
      Prepaid Research Expenses 36,250           -                     36,250           

786,915         7,847,238      8,634,153      
   Non-Current Assets:
      Equipment, Net of Accumulated Depreciation (Note 3) 1,007             -                     1,007             
         

Total Assets 787,922$       7,847,238$    8,635,160$    

LIABILITIES AND NET ASSETS
   Current Liabilities:
      Accounts Payable 15,355$         -$                   15,355$         
      Research Contracts Payable 39,669           -                     39,669           

   Total Liabilities 55,024           -                     55,024           

   Net Assets:
      Unrestricted 732,898         7,847,238      8,580,136      

Total Liabilities and Net Assets 787,922$       7,847,238$    8,635,160$    
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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, 2015

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



CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF ACTIVITIES
FOR THE YEAR ENDED AUGUST 31, 2015

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

General Reserve
Fund Fund Totals

REVENUE
   Assessments 2,746,578$    -$                   2,746,578$    
   Interest -                     19,183           19,183           
   United Tariff-Rate Quota Management Funds (Note 4) -                     3,861,479      3,861,479      
   Miscellaneous 27,009           -                     27,009           

Total Revenue 2,773,587      3,880,662      6,654,249      

EXPENDITURES
   Administrative:
      Administrative Services 124,445         -                     124,445         
      Administrative Tax and Insurance 12,362           -                     12,362           
      Annual Report 26,605           -                     26,605           
      Audits 10,500           -                     10,500           
      Depreciation 474                -                     474                
      Insurance 1,636             -                     1,636             
      Management Benefits 14,952           -                     14,952           
      Memberships 1,000             -                     1,000             
      Office Equipment 1,103             -                     1,103             
      Office Facilities 4,488             -                     4,488             
      Office Services 275                -                     275                
      Office Supplies 6,842             -                     6,842             
      Postage 3,491             -                     3,491             
      Telephone 2,336             -                     2,336             
      Travel and Meetings 6,546             -                     6,546             

217,055         -                     217,055         
   Program:
      Research (Note 5) 3,328,801      -                     3,328,801      
      Endowment (Note 7) -                     2,000,000      2,000,000      

3,328,801      2,000,000      5,328,801      
   Departmental:
      Marketing Branch 49,582           -                     49,582           
      Market Enforcement 12,000           -                     12,000           

61,582           -                     61,582           

Total Expenditures 3,607,438      2,000,000      5,607,438      

Increase (Decrease) in Net Assets (833,851)        1,880,662      1,046,811      

NET ASSETS AT BEGINNING OF YEAR 1,566,749      5,966,576      7,533,325      

NET ASSETS AT END OF YEAR 732,898$       7,847,238$    8,580,136$    
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CALIFORNIA RICE RESEARCH BOARD
COMBINED STATEMENT OF CASH FLOWS
FOR THE YEAR ENDED AUGUST 31, 2015

See auditors’ report and notes to financial statements.

General Reserve
Fund Fund Totals

CASH FLOWS FROM OPERATING ACTIVITIES
   Increase (Decrease) in Net Assets (833,851)$     1,880,662$   1,046,811$    
   Adjustment to reconcile change in net assets to net
      cash provided by (used for) operating activities:
      Depreciation 474               -                    474               
      (Increase) Decrease in:
         Assessment Receivable (136,608)       -                    (136,608)       
         Interest Receivable -                    (768)              (768)              
         Other Receivables 1,050            -                    1,050            
         Prepaid Research Expenses 5,529            -                    5,529            
         Refundable Research 7,448            -                    7,448            
      Increase (Decrease) in:
         Accounts Payable 6,146            -                    6,146            
         Research Contracts Payable (1,889)           -                    (1,889)           

NET CASH FLOWS PROVIDED BY OPERATING (951,701)       1,879,894     928,193        
   ACTIVITIES

BEGINNING CASH AND INVESTMENTS 1,384,189     5,962,092     7,346,281     

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



CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2015

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 2014-15 fiscal year the Board established an assessment rate of $0.07 per hundredweight. This rate has 
been ratified by the CDFA.

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

F. Use of Estimates
The preparation of financial statements in conformity with accounting principles generally accepted in the 
United States of America requires management to make estimates and assumptions that affect certain reported 
amounts and disclosures. Accordingly, actual results could differ from those estimates.
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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 2014-15 
fiscal year, the Board met their reserve policy.

NOTE 2 CASH AND INVESTMENTS

Cash and investments at August 31, 2015 consisted of the following (cost approximates fair market value):

Totals
Cash:
   Bank Deposits 44,938$        

Investments:
   Local Agency Investment Fund 7,830,536     
   Certificates of Deposit 399,000        

Total Investments 8,229,536     

Total Cash and Investments 8,274,474$   

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, 2015, as provided by the LAIF Administrator, was $7,832,354. 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, 2015



NOTE 3 EQUIPMENT

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

166,706      

Accumulated depreciation (165,699)     

Equipment, net 1,007$        

Depreciation expense for the year ended August 31, 2015 was $474.

NOTE 4 UNITED TARIFF-RATE QUOTA MANAGEMENT FUNDS

Of the total $3,861,479 United Tariff-Rate Quota Management Funds, $23,252 was received from EU-TRQ 
funds and $3,838,227 was received from Colombia Rice Export Quota, Inc. (COL-RICE) during 2014-15. COL-
RICE is a nonprofit corporation and through an open tender policy that facilitates the fair and equitable 
allocation of tariff-rate quotas for U.S. rice exports to Colombia, the net proceeds for the year were allocated 
to fund projects to benefit the rice industry of the United States and Colombia. One half of the net proceeds 
benefited Colombia and the remaining half was allocated between six state charted rice research board 
members in the United States. The $3,838,227 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, 
2015 is as follows:

General
Fund

Research:
   California Cooperative Rice Research
      Foundation (CCRRF) 2,130,387$   
   University of California 864,396        
   United States Department of Agriculture 62,500          
   Other Contracts 59,518          
   ANR Position - Rice Specialist (Note 6) 212,000        

Total Research Program Expenditures 3,328,801$   

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

Year Ended August 31, Payment
2016 212,000$         
2017 212,000           
Total 424,000$         

CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2015
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NOTE 7 RICE RESEARCH TRUST GRANT

During 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. During September 2014, the Board 
made a donation from the Reserve Fund of $2,000,000.

Subsequent to year end in March 2016, the Board decided to make a donation from the Reserve Fund of 
$500,000 during the 2015-16 fiscal year.

NOTE 8 CONCENTRATION OF CREDIT AND MARKET RISK

Included in assessments receivables are amounts due from four mills which represents 77% of total 
assessments receivable as of August 31, 2015.

There were four mills who paid 53% of the assessment revenue for the year ended August 31, 2015.

NOTE 9 SUBSEQUENT EVENTS

Subsequent events have been evaluated through March 23, 2016 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

California has significant uncertainty for it’s State water supply for 2016. On January 17, 2014, California 
Governor Jerry Brown issued a State of Declaration of Emergency which remains in effect as of the date of 
the audit report. Many rice growers in the State continue to experience significant reductions in irrigation 
water availability due to the drought.  Initial rains have been promising, but more is needed to have 
sufficient water for all uses. Rice growers in the State could experience significant reductions in irrigation 
water availability due to drought or water sales. The drought had an impact on the Board’s assessment 
revenue for the year ending August 31, 2015 at a similar level to the prior year. Due to low rice prices and 
high water prices, the acreage reduction potential for 2016 is very uncertain.

CALIFORNIA RICE RESEARCH BOARD
NOTES TO THE FINANCIAL STATEMENTS
AUGUST 31, 2015
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