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OVERVIEW 

 The California Cooperative Rice Research Foundation (CCRRF) is a private nonprofit 
research foundation [501(c)(5)] and members are California rice growers. The Rice 
Experiment Station (RES) is owned and operated by CCRRF. RES was established at its 
present site between Biggs and Richvale, California in 1912 through the cooperative efforts 
of the Sacramento Valley Grain Association, United States Department of Agriculture 
(USDA), and University of California (UC). The 478-acre RES facility supports breeding 
and genetics research, agronomic research and foundation seed production. 
 The RES scientific professional staff in 2017 included a director, director of plant 
breeding, plant breeders, a plant pathologist, and research scientist.  Eleven career positions 
consisting of a breeding nursery manager, 4 plant breeding assistants, one DNA lab 
technician, a field supervisor, one mechanic and field operator, two maintenance and field 
operators, and one administrative assistant make up the support staff. Approximately 30 
seasonal laborers are employed during crucial planting and harvest times. 
 

ORGANIZATION AND POLICY 
 Policy and administration of RES is the responsibility of an 11-member Board of 
Directors elected by the CCRRF membership. Directors serve a three-year term and 
represent geographical rice growing areas of California. They are rice growers and serve 
without compensation. CCRRF works to serve all California rice growers, and its policies 
generally reflect those of public institutions. CCRRF cooperates with UC and USDA under 
a formal memorandum of understanding. The UC and California Rice Research Board 
(CRRB) have liaisons to the Board of Directors. CCRRF scientists cooperate with many 
national and international public institutions and also with private industry. Organization 
and policy of CCRRF encourages active grower input and participation in RES research 
direction. 

RESEARCH MISSION AND FUNDING 
 The primary mission of CCRRF is the development of improved rice varieties and 
agronomic management systems for the benefit of the California rice growers. The 
plant breeding program at RES is designed to develop rice varieties of all grain types and 
market classes with high and stable grain yields and quality that will sustain the 
profitability of rice with minimum adverse environmental impact. Important breeding 
objectives include the incorporation of disease resistance, high milling yield, seedling 
vigor, cold tolerance, early maturity, semidwarf plant type and lodging resistance into 
future rice varieties. Improved milling yield, grain appearance, and cooking characteristics 
relative to consumer preference are major components of the plant breeding program. A 
secondary and important objective is to address industry research needs including support 
of UC and USDA research by providing land, resources, and management for genetic, 
agronomic, weed, insect, disease, and other disciplinary research. 
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 Rice variety development at RES is primarily funded by the CRRB which 
manages funds received from all California rice producers through California Rice 
Research Program assessments. The CRRB acts under the authority of the California 
Department of Food and Agriculture (CDFA). The CRRB finances approximately 80% of 
the RES annual budget and 20% is derived from the sale of foundation rice seed to seed 
growers, grants, and revenues from investments. RES does receive some donations from 
agribusiness and funds from the Rice Research Trust (RRT). The RRT is a tax-exempt trust 
[501(c)3] established in 1962 to receive tax deductible contributions for support of rice 
research. RRT has been the primary funding source for capital improvements at RES.  
 The RES Breeding Program is reviewed annually by the Board of Directors, 
representatives of the UC, and the CRRB. All research is conducted under permits and in 
compliance with USDA/CDFA regulations and under approved protocols required by the 
California Rice Certification Act. CCRRF continues to make investments in facilities, 
equipment and staff to maintain a vibrant and productive rice research program. 

 
COOPERATIVE RESEARCH 

 Cooperative research is an integral part of rice research at RES involving UC and 
USDA scientists. Statewide performance testing of advanced experimental lines and 
varieties was conducted by Mr. John Ray Stogsdill, (UCD Staff Research Associate), under 
the direction of Specialist in Cooperative Extension, Dr. Bruce A. Linquist, (UCD) with 
University of California Cooperative Extension Farm Advisors Dr. Randall G. Mutters 
(Butte-retired), Dr. Whitney Brim-DeForest (Placer, Sacramento, Sutter, Yuba), and Dr. 
Luis Espino (Glenn, Colusa, Yolo). The information collected from this cooperative 
research is valuable to the RES Rice Breeding Program and the California rice industry. 
Dr. Thomas H. Tai, USDA-ARS Research Geneticist, located at UC Davis, is working to 
develop improved breeding and genetics methods for rice variety improvement. Rice 
quality and genetic research has included studies with USDA scientists Drs. Anna 
McClung, Georgia Eizenga, and Ming Chen.  
 The CCRRF staff, facilities, and equipment also supported agronomic, weed, disease, 
and insect research of UCD scientists in 2017. Drs. Kassim Al-Khatib, (Professor, 
Department of Plant Sciences, UCD), Dr. Amar Godar, (UCD Staff Research Associate), 
and  Mr. Michael Lee (UCD Junior Specialist) conducted research on 16 acres at Hamilton 
Road.  Drs. Linquist and Espino are doing rice research on 18 acres at RES. They are being 
supported at RES by Mr. John Ray Stogsdill. Dr. Larry D. Godfrey, (UC Extension 
Entomologist who passed away in 2017) and Mr. Kevin Goding, (Staff Research Associate, 
Department of Entomology), conducted rice insect research on the station as well. RES 
also provides technical input and support to the California Rice Commission (CRC). 
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SEED PRODUCTION AND MAINTENANCE 
 The production and maintenance of foundation seed is an important RES activity. The 
foundation seed program is a cooperative effort with the California Crop Improvement 
Association to assure availability of pure, weed free, high quality seed for the benefit of 
the California Rice Industry. Forty-eight improved rice varieties have been released since 
an accelerated research program began in 1969. Foundation seed of 17 rice varieties and 
basic seed of one Japanese premium quality variety were produced on 134 acres at RES in 
2017. Since 1988, CCRRF has protected new varieties under the Plant Variety Protection 
Act, Title 5 option that requires seed to be sold only as a class of certified seed. Utility 
patents have also been obtained. This is being done to ensure that California growers are 
the beneficiary of their research investments as well as assuring that clean, red rice free 
seed is produced. Although the foundation seed program is self-sustaining and not 
supported with CRRB funds, foundation seed and certified seed production provides very 
significant benefits to the whole California rice industry.  
 CCRRF has followed an aggressive testing program of foundation seed for the presence 
of the Liberty Link Trait that was discovered at trace levels in Southern US long-grain rice. 
All results from the initial 2006 USDA tests and annual foundation and basic seed tests 
from 2007 through 2017 by CRC have been non-detect.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trade names are used to simplify information. No endorsements of named products are intended or criticism 
implied of similar products not mentioned in this report. 



     2017 RES Progress Report 

4 
 

RES RICE BREEDING PROGRAM 
 

INTRODUCTION 
  The RES Breeding Program implements rice variety development on 3 major rice 
grain types or market class, namely, medium grains, short grains, and long grains. In 
medium grains, the program aims to develop superior Calrose rice varieties with high and 
stable grain yield, with superior quality, improved seedling vigor, wide adaptability, cold 
tolerance and disease resistance. In addition, premium medium grains (M-401-types) are 
being developed. Breeding for short grains includes regular and premium short grains, 
waxy-type or sweet rice, low amylose-types, Arborio-type or bold grains. In the long 
grains, high yielding and superior quality conventional long grains and specialty types that 
include long grain aromatics, Jasmine-type and Basmati-type rice are being developed. 
Breeding for each of the grain types has been assigned to a rice breeder overseen by a 
Director of Plant Breeding. The various breeding efforts are supported by a rice pathologist 
in charge of the Pathology Laboratory that performs disease screening and a research 
scientist running the DNA Marker Laboratory providing marker-assisted selection and 
DNA fingerprinting.  
 

BREEDING OBJECTIVES 
The primary research objective of RES is the development of high yielding and superior 

quality rice varieties of all grain types and market classes to enhance marketing potential, 
reduce cost, and increase profitability of RES-bred rice. Rice breeding research priorities 
at RES can be divided into those that are applicable to all rice varieties developed for 
California and grain- and quality-specific priorities especially for specialty rice. Following 
are the major breeding objectives of the RES Rice Breeding Program:  
High and stable yield potential  
 Strong emphasis is given on breeding varieties with high grain yield potential, minimal 
straw for high yield, and more stable yields while maintaining and/or improving grain 
quality. Grain yield is a complex character that results from the combination of many 
agronomic traits. Yield potentials are evaluated in replicated yield trials at the station and 
the most promising materials were entered in multi-location yield experiments to test for 
wide adaptability and stability.   
Superior grain quality and milling yields 
 Efforts to identify, select, and improve culinary and milling quality in all grain types are 
given high priority and major emphasis in breeding. Improved cooking evaluation 
techniques are being used that include the use of DNA markers that are linked to traits such 
as amylose content, gelatinization temperature, and RVA profiles. Equipment in the RES 
grain quality lab is continually being upgraded to support quality evaluation and research. 
Improved cold tolerance and seedling vigor 
 Tolerance to low temperature remains an essential character needed at seedling and 
reproductive stage in California rice varieties. Segregating populations and advanced 
experimental lines are being grown or advanced in the San Joaquin cold location nursery 
for resistance to blanking, normal vegetative growth, a minimum delay in maturity, and 
uniform grain maturity. Cold tolerance data also included two seeding dates of advanced 
material at RES, UCCE Statewide Yield Tests, refrigerated greenhouse tests, and cold 
tolerance observations in the Hawaii winter nursery. 
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Improved straw strength and early maturity 
 Improved lodging resistance and early maturity are important criteria in selecting for 
superior rice lines. Efforts continue to develop improved varieties that have a range of 
maturity dates with major emphasis placed on early and very early maturity, synchronous 
heading, and uniformity of ripening. 
Disease Resistance 
 The RES Rice Breeding Program is continuing efforts to improve disease resistance in 
our California varieties. Evaluation and screening for stem rot and sheath spot resistance 
are conducted by the plant pathologist on segregating populations and advanced breeding 
lines. Rice blast is an important disease that presents an additional threat to California. 
Thus, research and breeding activities to address rice blast continues in order to develop 
improved blast resistant varieties. The use of DNA marker-assisted selection and 
backcrossing is being vigorously utilized. 
Value-added Traits 
 Value-added traits for new rice types and rice based products that provide marketing 
opportunities for California rice in the US and global rice markets may be explored.  By 
developing new germplasm using mutation breeding, introgressing these traits into modern 
plant types using genetic tools such as DNA markers, and coursing the traits through the 
breeding pipeline, the breeding program exerts efforts to respond to current needs and 
anticipate future opportunities. Herbicide resistance, medium grains with slight aroma, and 
other unique combination of traits are examples of value added traits under development. 
 

BREEDING NURSERIES 
 The RES breeding nurseries comprised of F1 transplanted rows, dry-seeded F2 
populations and seed maintenance plots, water-seeded F3 to F4 progeny rows, water-seeded 
preliminary yield test (10’x10’ and 10’x20’), Statewide Yield Test at RES (10’x20’), 
milling plots and cooking strips, preliminary and foundation seed head rows, and off-
station nurseries in San Joaquin (cold location nursery) and Lihue, HI (winter nursery). The 
program moved away from planting the 4’x6’ plots and converted them to 10’x10’ plots. 
By grain type, the breeding program is broken down into approximately 45% medium 
grains, 28% long grains and 27% short grains. Half of the materials are conventional types 
(conventional medium, short and long grains) and half are specialty types (aromatics, 
Basmati, Jasmine, low amylose, waxy, bold grains and premium quality).  
 In 2017 there were 1124 crosses made at RES for rice improvement, bringing the total 
number of crosses made since 1969 to 49,043. Crosses made in the early spring were grown 
during the summer in an F1 nursery to produce seed for the F2 generation. Crosses made 
this past summer were planted in the Hawaii Winter Nursery and/or the greenhouse so the 
segregating F2 generations could be grown for selection purposes in 2018, thereby 
accelerating the breeding process.  
 California finally received an extensive amount of winter and extended spring rain in 
late 2016 to early 2017, causing a delay in planting the breeding nurseries. Drill seeding of 
the F2, seed maintenance nursery, two replicate preliminary yield plots, and milling plots 
was done from the May 8th to May 16th, while water-seeding began May 22nd and was 
completed May 31st.  The 2017 RES breeding nursery occupied approximately 75 acres. 
Yield tests comprised of 2832 small 10’x10’ plots and 2468 large 10’x20’ plots. The 
breeding nursery also included about 51,500 water-seeded pedigree rows; 1485 drilled F2 
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plots and 20,460 drill-seeded seed maintenance rows. A total of 1,408 rows were planted 
for 7 advanced lines selected for preliminary head row increase, in addition to 1819 rows 
of herbicide-resistant materials. An estimated 150,000 panicles were selected from the 
various F2 populations, progeny rows and seed increases for further screening and 
advancement. Selected materials were advanced in the 2017-2018 Hawaii Winter Nursery 
and greenhouse facilities. The remainder will be screened and processed for planting in 
2018. 
 Foundation seed head rows were grown for L-206, L-207, M-209, M-105, Calhikari-
201, and Calhikari-202 for breeder seed production. Head rows of experimental 15Y84 and 
12Y3097, proposed for release in 2018, were also grown. The headrow seed can be used 
for several years to produce breeder seed because it is stored under low temperature and 
humidity conditions.  
 The San Joaquin Cold Tolerance Nursery and Hawaii Winter Nursery remain an 
essential part of selecting for resistance to blanking and are used in conjunction with two 
refrigerated greenhouses at RES. The Hawaii Winter Nursery allows the advancement of 
breeding material and screening for cold tolerance during the winter to hasten variety 
development. The Hawaii Winter Nursery is a very valuable breeding tool and has been a 
successful and integral part of the RES Rice Breeding Program since 1970. The 2017-18 
winter nursery was comprised of 7280 regular rows, 880 headrows of 17Y3000, and 580 
transplanted rows of F1 and miscellaneous materials. The rows were dry-seed from October 
31st to November 2nd, 2017, while the F1 seedlings were transplanted on November 20, 
2017. Selection and harvest will occur in April, and seed returned for processing and 
planting in the 2018 RES breeding nursery. The San Joaquin Cold Tolerance Nursery was 
planted in cooperation with a local rice grower. The 3 acre drill-seeded nursery included 
3600 rows and 455 6-row F2 plots. Weed control was good, though damage from geese 
caused poor stand establishment for about 1/3 of the population. Minimal cold induced 
blanking was observed in the rows and the F2 populations for selection.  
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MEDIUM GRAINS 
Overview 

Dr. Virgilio Andaya has been in charge of the medium grain breeding project since 
2012 after relinquishing the short grain breeding to Dr. Stanley Samonte. In terms of 
allocation of breeding program resources, breeding for medium grain rice is approximately 
45% to 50% of the program. A third of the project is devoted to the development of 
premium quality medium grain varieties that had been previously assigned to the short 
grain project. 

The main goal of the medium grain project is to develop new rice varieties with high 
and stable grain and milling yields without sacrificing the excellent grain quality of our 
Calrose varieties. To achieve stable grain yield across the rice-growing areas under the 
water-seeded production system, great emphasis is given to selecting for materials with 
high seedling vigor and tolerance to low temperature-induced sterility or blanking. 
Screening for cold tolerance is performed in temperature-controlled greenhouses at the 
station, as well as in a cold-location nursery in San Joaquin County south of Sacramento. 
Milling yields in terms of both total and head rice are given top priority in selecting 
advanced lines for grain yield evaluation, while selecting for overall appearance of the 
grains or brown rice in every panicle harvested is performed starting in the earliest 
generation until a new variety is released. Rice diseases, particularly rice blast, stem rot 
and aggregate sheath spot, are important diseases but difficult to select for except for rice 
blast where DNA markers are available for selecting resistant phenotypes. The medium 
grain project is actively breeding for blast resistance to IG-1 and IB-1 blast pathogens while 
progressing very slowly in stem rot resistance breeding.  

Breeding materials such as F1’s, F3-5 progeny rows, and advanced breeding lines are 
mostly planted by hand at the RES breeding nursery in May, while the F2 nursery and seed 
maintenance plots are drill-planted in the last week of April. Advanced selections and new 
F1’s are planted in the Hawaii Winter Nursery in November for seed increase and 
generation advance.  

The medium grain project employs both traditional and marker-based breeding 
methods. The DNA markers used in marker-assisted selection (MAS) are mostly 
microsatellite markers, and effectively used for fingerprinting and purity testing, breeding 
for blast resistance and selection for grain quality. 
 
Performance of Medium Grain Varieties and Entries in Yield Tests 

Calrose varieties that are still in commercial production in California are being used as 
checks in several preliminary and advanced yield tests at the station, and also the very early 
(VE), early (E), and intermediate/late (IL) maturity groups of the UCCE Statewide Yield 
Tests.  These are M-105, M-205, M-206, M-208, M-209 and M-104. M-104 will gradually 
be replaced by M-105 as a very early check while M-208 will be phased out as the blast 
resistant check by 2018. Table 1 summarized the grain yields of the check varieties from 
pooled data of the three maturity groups of the UCCE tests in 2017 at the RES location. 
M-209 has been the top yielding check variety for several years now, with an average grain 
yield of 10,330 lbs./acre in 2017 compared to M-205 and M-206 yields of 10,220 and 
10,000 lbs./acre, respectively. The 5-year average yield for M-209, M-205 and M-206 were 
10,060 lbs./acre, 9650 lbs./acre, and 9600 lbs./acre, respectively. M-209, released in 2015, 
has the largest kernel of the Calrose varieties. It is adapted in warmer areas where M-205 
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is successfully grown, but may not perform well in cooler rice areas like San Joaquin 
County.  

The very early maturing variety M-105 registered an average yield of 9500 lbs./acre 
which is slightly higher than the 5-year yield average of 9240 lbs./acre. In comparison, the 
yield of M-104 in 2017 was 9230 lbs./acre, the lowest of the medium grain checks. M-105 
is one of the best varieties in terms of head rice yield, though its grains are also one of the 
smallest the Calrose varieties.  

The two-week delay in planting of the breeding nursery in 2017 likely impacted the 
yield potential of the very early maturing varieties like M-105, M-104, and even M-206. 
These varieties reached 50% heading about one week earlier compared to 2016, and 
coupled with higher average temperatures during the rice growing season in 2017 probably 
also contributed to reduced yields.  

 
Table 1. Average grain yield and agronomic characteristics of medium grain check 
varieties in the UCCE Statewide Tests at RES in 2017.  

 

Variety 
Grain 
Yield 

(lbs./acre) 

Seedling 
Vigor  

Days to 
Heading  

Plant 
Height 
(cm) 

Lodging 
(%) 

M-209 10330 4.9 79 102 17 
M-205 10220 4.8 81 101 8 
M-206 10000 4.9 71 102 61 
M-208 9760 4.8 71 103 48 
M-105 9500 4.9 69 100 56 
M-104 9230 4.8 66 98 40 

 
 
Table 2 summarized the grain yield and agronomic characteristics of Calrose medium grain 
entries in the State Wide Preliminary Yield Tests (SWP) at RES. They are 2-replicate 
experiments composed of materials selected from the 2016 RES preliminary yield tests. 
M-104 and M-205 were used as very early and early check varieties in all three maturity 
groups of the SWP. Entries with yield advantage over the checks will be evaluated closely 
for milling yield and grain quality attributes. Selected lines will be entered again in the 
SWP or be included in the advanced 4-replicate test in the UCCE Statewide Yield Tests in 
2019.  
 
Premium Quality Medium Grains 

A premium quality medium grain entry, 12Y2175, was outstanding in terms of yield 
potential in 2017. Table 3 summarized the grain yield and agronomic performance of 
12Y2175 in all locations of the SW test in 2017. It is the top yielder at the station with 
grain yield ranging from 11,500 to 11,800 lbs./acre, which is about 18% to 22% over the 
popular Calrose variety, M-206. 12Y2175 heads about 10 days later than M-206 and 2 days 
later than M-209. Further evaluation of cooking characteristics and grain quality through 
internal and external evaluations will be performed to determine if 12Y2175 is considered 
as premium M-401 quality.  
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Table 2. Grain yield and agronomic characteristics of selected medium grain entries and 
checks in the preliminary UCCE Statewide Tests at RES in 2017. 
 

Variety Grain Yield 
(lbs./acre) 

Seedling 
Vigor 

Days to 
Heading 

Lodging 
(%) 

Plant 
Height 
(cm) 

Very Early Group        
16Y3019 10380 4.9 69 15 100 
14Y3143 10330 4.9 74 20 108 
15Y3036 10200 4.9 71 20 97 
13Y3152 9470 4.9 73 5 97 
M-205 9430 4.9 79 5 95 
M-104 8790 4.9 64 25 92 

LSD (.05) 1743 0.1 3.0 20 8.3 
Early Group        

15Y3171 11270 4.8 76 20 101 
15Y3086 10810 4.8 72 65 96 
16Y3054 10660 4.7 74 65 103 
M-205 10640 4.7 80 20 105 
M-104 9450 4.7 66 40 102 

LSD (.05) 1293 0.2 3.2 32 5.9 
Intermediate-Late Group     

14Y3145 11250 4.9 84 0 103 
15Y2153 10840 4.9 84 10 109 
16Y3112 10700 4.9 81 15 105 
16Y3121 10690 4.9 83 0 100 
16Y3108 10660 4.9 83 0 102 
M-205 10590 4.9 84 0 104 
M-104 9440 4.9 67 55 101 

LSD (.05) 558 0.1 1.8 16 9.8 
 
 
Table 3. Grain yield and agronomic characteristics of 12Y2175 in all locations of the 
UCCE Statewide Tests in 2017. 
 
 

COUNTY 
Grain Yield 
(lbs./acre) 

  

%Yield 
Adv. over 

M-206 

Seedling 
Vigor 

Days to 
Heading 

Lodging 
(%) 

Plant 
Height 
(cm) 

BIGGS 11830 * 22% 4.7 82 20 107 
SUTTER 10120 * 9% 4.7 81 25 92 

YOLO 8390 ns -6% 4.6 83 1 97 
BUTTE 10110 * 8% 4.7 84 76 108 
BIGGS 11560 * 18% 4.6 82 48 107 

COLUSA 8680 * 15% 4.4 89 2 107 
YUBA 9100 ns 4% 4.7 82 95 106 
BIGGS 11570 * 22% 4.9 81 28 106 
GLENN 6950 ns -3% 4.3 89 75 110 

12Y2175 MEAN 9810  10% 4.6 84 41 104 
M-206 MEAN 8870     4.8 77 55 101 
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Recommended for Release in 2018 - 12Y3097, A Blast-Resistant Calrose 
 

Selection History  
Advanced line 12Y3097 is being recommended for release in 2018 is a blast-resistant, 

high-yielding, early-maturing, glabrous, Calrose-type medium grain. It is the product of 
DNA marker-assisted backcrossing and selection initiated in 2005 and one of the near-
isogenic, blast-resistant, isolines of M-206 that performed similarly in terms of grain yield, 
milling characteristics, and other agronomic traits. It has a cross designation of RP333 with 
pedigree as follows: RP333=M-206*8/97-Y-315vE. M-206 is a high yielding, glabrous, 
early maturing, Calrose-type medium grain variety released by RES in 2003. The rice line, 
97-Y-315vE, is a very early, blast resistant, short grain entry which was kept as a 
differential line to routinely test blast pathogen isolates. Its pedigree is 
18347/78Y043//86Y013/3/Daegwanbyeo. Daegwanbyeo is a cold tolerant, blast resistant 
short grain Korean variety that has the Pi-b gene which is linked to a SSR (simple sequence 
repeat) or microsatellite marker RM 208 that was used in marker assisted selection (MAS). 
After several backcrosses, 12Y3097 is estimated to be 99.6% genetically similar to M-206. 
12Y3097 is an excellent proposed replacement for the medium grain variety M-208. With 
a proposed name of “M-210”, it is blast-resistant, high yielding, semi-dwarf, early 
maturing, glabrous, Calrose–type medium grain rice. It is acceptable to the rice market as 
evaluated internally and externally for grain quality. 

12Y3097 was first entered in the statewide testing in 2013. Head row purification or 
panicle-to-row planting was initiated in 2015 under screened isolation in a water-seeded 
field. Headrows were grown in 2017 in a foundation seed field for final purification, 
uniformity, and stability testing. DNA markers were used as needed throughout the 
purification process. 
 
Yield and Agronomic Performance 
 The blast resistant medium grain 12Y3097 was first entered in the SW tests in 2013. 
The SW-VE was conducted in Yolo, Sutter, San Joaquin (experiment failed in 2016, 
replaced in 2017 with additional location in Yolo), and at RES, while the SW-E tests were 
in Butte, Colusa, Yuba, and RES. Starting in 2015, 12Y3097 was tested in all locations of 
the SW test, including the SW-IL tests in Glenn and one in Butte to replace West Sutter. 
12Y3097 was tested in comparison to M-206 and M-208 in a total of 43 SW experiments 
over a span of 5 years. 

Table 4 summarized the average performance of 12Y3097, M-206 and M-208 in each 
of the SW test locations. The overall grain yield of 12Y3097 across 43 SW experiments 
averaged 9300 lbs./acre compared to 9370 and 8910 lbs./acre for M-206 and M-208, 
respectively. The yield advantage of 12Y3097 over M-206 and M-208 were -0.74% and 
4.4%, respectively. It yielded higher (up to 10% yield advantage) than M-208 in most SW 
locations except Colusa (-6%), and competitive with M-206 though 12Y3097 may not be 
as widely adaptive especially in colder rice areas. Compared to M-208, 12Y3097 reached 
50% heading in 83 days (3 days earlier), had slightly shorter plant height at 97cm, and  
similar in terms of seedling vigor and lodging percentage.  
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Table 4. Average grain yield and agronomic performance of 12Y3097, M-206 and M-208 
in UCCE Statewide Test from 2013 to 2017. 
 

Location/ Entry 
Name 

Grain 
Yield 

(lbs./acre) 

%Yield 
Adv. 
Over 

M-208 

Seedling 
Vigor 

Days to 
Heading 

Lodging 
(%) 

Plant 
Height 
(cm) 

BIGGS-VE 12Y3097 9443 - 4.8 78 11 97 
  M-206 9419 0.30% 4.9 77 23 99 
  M-208 8755 7.30% 4.9 80 12 100 

S JOAQUIN 12Y3097 9037 - 5 99 1 86 
  M-206 9257 -2.40% 5 99 1 87 
  M-208 8440 6.60% 5 105 1 86 

YOLO 12Y3097 9189 - 4.9 85 13 99 
  M-206 9384 -2.10% 5 83 23 100 
  M-208 9048 1.50% 4.9 87 9 103 

SUTTER 12Y3097 9974 - 4.9 84 32 93 
  M-206 9934 0.40% 5 84 31 93 
  M-208 9603 3.70% 4.9 88 21 94 

YOLO2 12Y3097 6917 - 4.8 92 6 88 
  M-206 7531 -8.90% 4.8 92 7 85 
  M-208 6945 -0.40% 4.8 98 7 90 

BIGGS-E 12Y3097 10091 - 4.5 78 61 98 
  M-206 9583 5.00% 4.8 77 70 98 
  M-208 9345 7.40% 4.8 79 67 100 

BUTTE 12Y3097 9539 - 4.9 82 40 98 
  M-206 9530 0.10% 4.9 81 40 98 
  M-208 9064 5.00% 4.9 86 39 102 

YUBA 12Y3097 9553 - 4.9 84 38 97 
  M-206 9387 1.70% 5 83 41 98 
  M-208 8617 9.80% 5 86 42 98 

COLUSA 12Y3097 8677 - 4.8 85 18 100 
  M-206 9250 -6.60% 5 86 18 102 
  M-208 9203 -6.10% 4.9 89 11 103 

BIGGS-IL 12Y3097 9770 - 4.9 75 29 97 
  M-206 9681 0.90% 4.9 74 26 96 
  M-208 9246 5.40% 5 77 38 101 

GLENN 12Y3097 7980 - 4.5 85 23 99 
  M-206 8207 -2.80% 4.8 84 43 105 
  M-208 7948 0.40% 4.7 86 51 103 

BUTTE2 12Y3097 9772 - 4.9 83 51 98 
  M-206 9627 1.50% 4.9 83 44 96 
  M-208 8781 10.10% 4.8 86 44 102 

 
 
Grain and Milling Characteristics 
 Table 5 shows the grain dimensions of paddy, brown and milled rice samples of 
12Y3097, M-208, and M-206. The milled rice grains of 12Y3097 were heavier (1000-grain 
weight =21.65 grams) and slightly wider (width=2.78 mm) compared to M-208 (21.19g, 
2.75mm) and M-206 (20.73g, 2.73mm), while the grain length (5.96mm) and length/width 
ratio (2.14) were in between M-206 and M-208. With slightly heavier grains and grain 
dimensions meeting the criteria of the Calrose rice market, 12Y3097 can be co-mingled 
with other Calrose rice varieties currently in production in California.  
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The total milled and head rice percentage of 12Y3097, M-206 and M-208 were taken 
from varying harvest moistures at RES from 2015 to 2017 milling plots. Sampling started 
when the moisture content of the grains on average was about 27% until moistures dropped 
to approximately 15%. This entailed sampling twice a week for about 8 sampling dates for 
each of the entries. Harvested samples were cleaned and dried then milled to measure the 
percentages of total rice and whole/head rice. All the data gathered in three years was 
categorized into samples taken above 22% moisture, 19-22%, and below 19% harvest 
moisture for 12Y3097, M-206, and M-208 (Table 5). Milling data showed that the head 
rice yield of 12Y3097 when harvested at 19-22% grain moisture averaged 65/70 
(head/total) compared to 64/69 and 63/68 for M-206 and M-208, respectively. When cut at 
moistures above 22%, milling yield improved to 66/70. Head rice decreased on all entries 
cut at below 19% harvest moistures. 

 
RVA and Quality Evaluations 
 Data on RVA profile, apparent amylose, protein content, and gel type of 12Y3097, M-
206 and M-208 taken from 2015 to 2017 were summarized in Table 5. The average 
apparent amylose content and protein content of 12Y3097 is 15.7% and 6.6%, respectively; 
values that are very close to M-206 and M-208. All three had low gel type typical of a 
Calrose-type medium grain. Based on the results of the RVA, 12Y3097 does not deviate 
from the profile of M-206 or that of M-208. These results indicate that 12Y3097 cooking 
characteristics were similar to M-206 and typical of a Calrose.  Internal evaluation as well 
as external cooking quality evaluations by selected marketing organizations showed similar 
observations. Feedback was favorable, indicating acceptability of quality in the market. 
 
Blanking and Disease Reaction 
 Screening for cold-induced sterility under controlled and natural environments is 
difficult to implement and interpret. The intensity of cold stress, duration or length of 
treatment, and differences in maturity of test materials, are just few of the factors that 
complicate screening in the refrigerated greenhouse (GH). GH test conditions are harsher 
than actual field conditions and keeping the temperature fluctuations to minimum 
throughout the greenhouse is difficult. In the field, seasonal temperature variation as well 
as variation in heading dates of test entries complicates field evaluations. Table 5 
summarized the results of cold-induced blanking experiment in San Joaquin (SJ) and GH 
cold tolerance screening at RES from 2015 to 2017.  In San Joaquin, 12Y3097 blanking 
ranged from 1-3% in 2015 to 2017 tests while the GH tests showed a wider spread of 16-
48%. Overall, combined tests in San Joaquin showed that 12Y3097 average blanking was 
1.8% compared to 1.7% and 3.5% for M-206 and M-208, respectively. GH blanking was 
25%, 18% and 28% from 12Y3097, M-206 and M-208, respectively. Results further 
indicate that 12Y3097 had better cold tolerance than M-208 and is close to the level of M-
206. 
 Reactions to stem rot, aggregate sheath spot, and blast diseases are summarized in Table 
5 and taken from data from 2013 to 2015 by Mr. Oster. Results indicate that 12Y3097 is 
blast resistant and had comparable averaged reaction to aggregate sheath spot to the checks. 
Reaction to stem rot of 12Y3097 is slightly better than M-206 and M-208. 
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Table 5. Additional attributes of 12Y3097 in comparison with M-206 and M-208. 
 

Trait 12Y3097 M-206 M-208 
    
Grain Dimension     
Paddy Rice     
    Length (mm) 8.44 8.27 8.49 
    Width (mm) 3.25 3.21 3.25 
    1000- seed wt. 28.61 27.33 28.53 
Brown Rice     
    Length (mm) 6.31 6.1 6.35 
    Width (mm) 2.84 2.8 2.82 
    1000- seed wt. 23.13 22.64 24.1 
Milled Rice     
    Length (mm) 5.96 5.78 6.01 
    Width (mm) 2.78 2.73 2.75 
    Length/Width Ratio 2.14 2.12 2.19 
    1000- seed wt. 21.65 20.73 21.19     
Milling Performance     
    MC greater than 22% 66/70 63/68 63/68 
    MC=19-22% 65/70 64/69 63/68 
   MC less than 19% 56/69 56/69 60/69     
Chemical Properties     
    Apparent Amylose % 15.68 15.44 15.84 
    Protein (%) 6.55 5.98 6.15 
    Gel Type Low Low Low     
RVA Profile     
    Peak 275 274 290 
    Trough 137 139 143 
    Break down 138 136 147 
    Final Viscosity 242 244 260 
    Setback -33 -30 -31 
    Pasting Temp 91 91 90     
Blanking Percentage     
    San Joaquin Blanking 1.8 1.7 3.5 
    Greenhouse Blanking 25.3 18.4 27.5     
Disease Resistance     
    Stem rot 5.3 5.7 5.5 
    Agg. Sheath Spot 2.4 2.3 2.4 
    Blast 1.2 2.9 2 
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LONG GRAINS 
 

Overview 
The breeding of long grain rice was handled by Dr. Farman Jodari from 1999 up until 

his retirement in June of 2017. All of the breeding lines and genetic materials were turned 
over to Dr. Virgilio Andaya after more than a year of briefings and interaction and 
discussion of breeding goals and directions. As part of an overall review and 
reorganization of the RES breeding program, breeding for the long grains will undergo 
realignment and review of its breeding objectives and selection strategies along with the 
medium and short grains. The long grain breeding efforts are focused on developing 
superior long grain varieties for California that include 1) Conventional long grain and, 2) 
Specialty types such as Jasmine-types, Basmati-types, and aromatic long grains. Based on 
the number of entries in the yield trials, the long grain breeding materials are 
approximately 70% conventional types, 10% Jasmine-types, and 20% Basmati-types. 

The conventional long grain rice market in the US is based on quality characteristics 
of Southern US varieties. Cooking quality of conventional long grains are characterized 
by intermediate amylose content (21 to 23%), intermediate gelatinization temperature 
(alkali spreading value of 3 to 5), and a moderate viscogram profile. Extensive cooking 
quality screening and selection efforts in recent years have eliminated the majority of soft 
texture types in breeding material.  

Under the specialty long grains, the Jasmine-types are composed of low amylose, low 
gel type, fragrant rice that have been derived from tall and highly photoperiod sensitive of 
Thai Jasmine variety, Khao Dawk Mali (KDM). Through mutation breeding efforts, non-
photoperiod mutants have been isolated. A Jasmine-type variety has not been developed 
for California growers. For the regular aromatic long grains, a considerable number of 
aromatic types are being generated from the populations that were recovered in breeding 
for Jasmine quality. These aromatic long grains cook like conventional long grains but with 
an added aroma. California Basmati-types, such as Calmati-202, have low yield potential 
and are susceptible to low temperature stress. Though grain and cooking quality approaches 
imported basmati quality, there remains a great challenge to improve yield potential and 
agronomic attributes. 

 Milling and cooking quality improvements of conventional and specialty long grain 
types remain major priority breeding objectives, followed by resistance to cold induced 
blanking and other agronomic and disease resistance traits, while yield potential and 
agronomic performance in the specialty types are being addressed. 

 
Composition of Long Grains Project  

There were a total 543 test entries evaluated in  various yield tests at RES, including 
10’x10’ plots, 10’x20’ preliminary yield tests, and the SW tests. Experiments in 2017 were 
grouped according to grain type and maturity group including appropriate check varieties. 
The number of conventional long grains tested for yield and agronomic performance 
totaled 390 rice lines. For the specialty types, 7 were regular aromatics, 108 were Basmati-
types and 65 were Jasmine-types. Out of the 543 lines, 27 were entered in the SW tests. 
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Performance of Long Grain Varieties and Promising Entry in Yield Tests 
L-207, L-206 and A-202 were the long grain check varieties in the SW test in 2017, 

where test materials are compared for grain yield and agronomic performance. Milling 
characteristics, grain quality, blanking and disease reaction of these checks were also taken. 
L-206 has been the standard check variety for many years since its release in 2006. It is an 
early maturing, high yielding conventional long grain variety with very good grain quality. 
L-207 is the newest conventional long grain variety that was released in 2016. It is a high 
yielding, intermediate height, and early maturing variety with Southern long grain cooking 
quality. The areas of adaptation for L-207 include most areas in the state excluding San 
Joaquin. Its head rice yields ranged between 63 to 67 % compared to 62 to 63% for L-206. 
Physicochemical testing of L-207 by the USDA Rice Quality Lab, confirm it is similar to 
Southern long grains, with intermediate amylose, intermediate gel type, and moderate RVA 
profile. It had significantly lower stem rot disease and aggregate sheath spot resistance 
compared to L-206. 

A-202 is a conventional aromatic variety that was released in 2014 as a replacement 
for A-301. A-202 is 9 days earlier, taller, has a significantly higher seedling vigor score, 
and comparable flavor sensory characteristics compared to A-301. Milled kernels of A-202 
are slightly bolder than A-301, with amylose content, gelatinization temperature type and 
RVA profile that is typical of conventional long-grain type like A-301 and L-207. Areas 
of adaptation for A-202 include Butte, Colusa, Yuba, Glenn, and Sutter counties and not 
for colder rice areas. 

The average grain yield and agronomic performance of L-206, L-207 and A-202 in the 
SW test at RES location in 2017 are summarized in Table 6. Data is based on pooled results 
of the very early, early and intermediate-late group experiments. Grain yield of L-207 was 
10,710 lbs./acre compared to 10,280 and 9440 lbs./acre for L-206 and A-202, respectively. 
L-207 headed at 74 days after sowing which is 3 days later than L-206 with plant height 
taller by 15 cm but no penalty on lodging percentage.  
 
Table 6. Average grain yield and agronomic characteristics of long grain 
check varieties in the UCCE Statewide Tests at RES in 2017.  
 

Variety 
Grain 
Yield 

(lbs./acre) 

Seedling 
Vigor  

Days to 
Heading  

Plant 
Height 
(cm) 

Lodging 
(%) 

L-207 10710 4.9 74 109 12 
L-206 10280 4.8 71 94 18 
A-202 9440 4.9 73 102 15 

 
An advanced conventional long grain rice line, 14Y1006, performed very well in 2017 

SW tests and has shown further yield improvement over L-207, its sister line. It has 
maintained its yield advantage of about 10% over L-206 registered in previous years. In 
2017, 14Y1006 grain yield at RES (based on the SW pooled data of 3 maturity groups) 
reached 11,360 lbs./acre compared to 10,707 and 10,280 lbs./acre for L-207 and L-206, 
respectively. It headed in 69 days, which is 2 days earlier than L-206 and taller by 2 cm 
with higher lodging (31%) compared to L-206 (18%).  Pooled grain yield data on all SW 
locations indicated that the yield advantage over L-206 is significantly higher except in 
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Yolo, averaging an overall yield advantage of 13% over L-206 (Table 7). Recent data on 
milling yield of 14Y1006 is similar to L-207, and less chalky. Cooked grain textures are 
similar with subjective scores favoring 14Y1006. Head row production of this line is 
planned again for 2018. 
 
Table 7. Grain yield and agronomic characteristics of 14Y1006 in all locations of the 
UCCE Statewide Tests in 2017. 
 

COUNTY Grain Yield 
(lbs./acre) 

%Yield Adv. 
over M-206 

Seedling 
Vigor 

Days to 
Heading 

Lodging 
(%) 

Plant 
Height 
(cm) 

BIGGS 11013 * 12% 4.9 69 15 97 
SUTTER 10057 * 17% 4.8 78 46 90 

YOLO 8888 ns -4% 4.6 81 1 99 
BUTTE 10140 * 9% 4.7 76 88 99 
BIGGS 11463 * 9% 4.7 71 38 102 

COLUSA 9673 * 10% 4.8 80 21 102 
YUBA 10053 * 31% 4.8 76 91 100 
BIGGS 11602 * 10% 4.9 68 40 98 
GLENN 8339 ns 10% 4.7 80 63 103 

MEAN 14Y1006 10016  13% 4.8 76 45 97 
MEAN L-206 8893     4.7 79 39 93 

 
Recommended for Release in 2018 - 15Y84, A Jasmine-type Long Grain 

 
Selection History 
 A Jasmine-type long grain rice line, 15Y84, was derived from cross designated as 
R40709 made in 2009 at RES, Biggs, CA. It has a pedigree R40709=07Y603/JES; where 
07Y603=02Y710/99Y529; 02Y710=00KDMX3-3; 99Y529=90Y563/3/L202/QC//L202. 
The official pedigree designation for 15Y84 is “00KDMX3-
3/4/90Y563/3/L202/QUIZHAW/L202/5/JES”. L-202 is an early maturing California long 
grain variety released by RES in 1984. 90Y563 is an advanced long grain line. Quizhaw is 
a high yielding rice introduction from China. 00KDMX3-3 is photoperiod-insensitive 
mutant line derived from a Thai Jasmine variety (KDM). JES is a mutant of KDM released 
by the USDA-ARS and University of Arkansas. With a proposed variety name of 
“Calaroma-201”, 15Y84 is a high-yielding, semi-dwarf, early maturing, glabrous, Jasmine-
type aromatic long grain rice developed as an excellent alternative to imported Thai 
Jasmine. 
 
Yield and Agronomic Performance 
 15Y84 was first entered in the 2015 E SW test in the E-Preliminary test, a two-replicate 
yield trial conducted at RES, Butte, Colusa and Yuba. In 2016, this entry was selected for 
inclusion in SW-E preliminary test as well the SW-IL preliminary test conducted at RES, 
Glenn and Butte. In 2017, it was entered in all locations of the UCCE Statewide Tests that 
included the VE locations in Biggs and two Yolo sites. It was tested in a total of 22 SW 
experiments in three years and compared closely with L-206 and A-202.   
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Table 8 summarized the overall average grain yield and agronomic performance of 
15Y84, L-206 and A-202 compiled from 2015 to 2017 data. The overall grain yield of 
15Y84 across 22 experiments in the SW test averaged 9450 lbs./acre compared to 9,310 
and 8890 lbs./acre for L-206 and A-202, respectively, with overall 3-year yield advantage 
of 6.3% and 1.5% over A-202 and L-206, respectively. It is comparable to L-206 and A-
202 in terms of overall seedling vigor score and lodging scores. It reaches 50% heading 
about 5 days later than L-206 and one day later than A-202 and is slightly taller than L-206 
but shorter than A-202 by about 8 cm. 15Y84 area of adaptation is similar to L-206, but as 
with other RES-bred long grains, it is not recommended in colder rice areas.  
  
Grain and Milling Characteristics 
 Using the means of two-year data on grain characteristics taken at RES in 2016 and 
2017, the milled rice kernels of 15Y84 has a 1000-kernel weight of 19.72 grams compared 
to 19.94 and 22.27 grams for L-206 and A-202, respectively (Table 9). Though its grains 
are lighter, 15Y84 has longer and narrower grains compared to L-206 or A-202, putting 
the length to width ratio of milled rice at 3.58. Table 5 summarized the overall milling 
performance of 15Y84, L-206 and A-202 harvested under high moisture (>22%), optimum 
moisture (19-21%), and low moisture (>19%). Three-year data showed that the head rice 
yield of 15Y84 when harvested at 19-21% moisture is 60/67 (head/total) compared to 61/70 
and 61/68 for L-206 and A-202. The percentage of total rice of 15Y84 appeared to be lower 
compared to the checks.  
 
RVA and Quality Evaluations 
 Table 9 showed the data on apparent amylose content, protein percentage, and gel type 
of 15Y84, L-206 and A-202 taken from 2015 to 2016 averaged data through independent 
external evaluation (USDA and CA Wheat Commission), as well as the RVA profile 
averaged from 2015 to 2017 data.  The mean apparent amylose content of 15Y84 is 
15.76% compared to 22.41 and 22.38% for L-206 and A-202, respectively. Having a low 
amylose content and low gel type, 15Y84 cooks softer and stickier compared to 
conventional long grain types like L-206 or A-202. 
 Based on the results of the RVA, 15Y84 is characterized by having higher peak viscosity 
and breakdown values, lower final viscosity value, and a negative setback, indicating softer 
and stickier cooking characteristics than L-206 and A-202 as expected. Internal and 
external cooking and tasting evaluation confirms the differences in cooking quality of 
15Y84 and the regular or aromatic long grains. Feedback on eating quality by Asian 
consumers of imported Jasmine rice is also favorable, indicating that 15Y84 is acceptable 
to the market and can be an excellent alternative to imported Thai Jasmine. 
 
Blanking and Disease Reaction 
  Data on the results of screening for cold-induced blanking in San Joaquin (SJ) and at 
RES using a refrigerated greenhouse (GH) in 2017 is found in Table 9. In San Joaquin, 
15Y84 had an observed blanking percentage of 3.17% in 2017 compared to 2.42% and 
2.17% for L-206 and A-202 respectively. The GH test conditions in 2017 are extremely 
harsh, registering very high blanking scores of test entries for all grain types in general. 
Nonetheless, given the general sensitivity of the long grains to cold temperatures compared 
to short and medium grains, 15Y84 is recommended only in warmer areas or those where 
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the long grain L-206 or A-202 perform well. Reactions to stem rot, aggregate sheath spot, 
and blast diseases are summarized in Table 9. Rating scales were changed in 2015 with the 
retirement of Mr. Jeff Oster and implemented by Dr. Paul Sanchez. The 2015 rating score 
of 1 indicates a resistant reaction while a score of 4 and above indicates susceptible 
reaction. 15Y84 reaction to stem rot disease is in between L-206 and A-202, L-206 being 
more susceptible. It is however more susceptible to aggregate sheath spot. 15Y84 is 
susceptible to blast, as is L-206 and A-202.  
 
Table 8. Average grain yield and agronomic performance of 15Y84, L-206 and A-202 in 
UCCE Statewide Tests from 2015 to 2017. 
 

Location Entry 
Name 

Grain 
Yield 

(lbs./acre) 

%Yield 
Adv. 

Over ck 

Seedling 
Vigor 

Days to 
Heading 

Lodging 
(%) 

Plant 
Height 
(cm) 

Biggs L-206 9851 8.90% 4.8 70 13 89 
  A-202 7893 27.00% 4.9 72 5 100 
  15Y84 10814  - 4.9 75 3 93 

Yolo L-206 9250 3.20% 4.7 80 6 92 
  A-202 9408 1.50% 4.8 84 1 104 
  15Y84 9555  - 4.9 86 1 91 

Yolo site 2 L-206 6859 2.70% 4.8 93 1 78 
  A-202 6259 11.20% 4.8 100 1 85 
  15Y84 7048  - 4.8 97 1 77 

Sutter L-206 8576 0.50% 4.7 81 3 86 
  A-202 8824 -2.40% 4.8 83 1 94 
  15Y84 8620  - 4.7 85 6 83 

Biggs L-206 10298 2.20% 4.7 76 12 87 
  A-202 9507 9.70% 4.9 79 23 95 

  15Y84 10528  - 4.8 81 15 88 
Butte L-206 9716 1.50% 4.8 80 41 95 

  A-202 9576 2.90% 4.9 86 35 101 
  15Y84 9866  - 5 88 28 90 

Yuba L-206 8725 -0.40% 4.9 81 62 89 
  A-202 8404 3.30% 4.9 86 49 97 

  15Y84 8691  - 5 89 31 90 
Colusa L-206 9206 5.70% 4.9 86 3 92 

  A-202 9536 2.30% 4.9 91 1 100 
  15Y84 9763  - 4.7 94 6 94 

Biggs L-206 10506 2.00% 4.8 75 8 93 
  A-202 10197 4.90% 4.9 79 6 100 

  15Y84 10724  - 4.9 82 2 93 
Glenn L-206 8424 -0.90% 4.7 82 64 96 

  A-202 7157 14.30% 4.9 87 74 103 
  15Y84 8350  - 4.9 90 74 101 

Butte site 2 L-206 9254 3.90% 4.9 85 46 91 
  A-202 8743 9.20% 4.9 88 46 100 

  15Y84 9631  - 4.9 90 43 91 
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Table 9. Additional attributes of 15Y84 in comparison to L-206 and A-202. 
 

Trait L-206 A-202 15Y84 
Chemical properties     
    Apparent Amylose (%) 22.41 22.38 15.76 
    Protein (%) 7.45 5.59 6.02 
    Gel Type Int Int Low 
RVA profile     
    Peak 256 243 274 
    Trough 141 128 128 
    Break down 116 115 146 
    Final Viscosity 285 263 231 
    Setback 28 20 -43 
    Pasting Temp 93 88 91 
Grain Dimension     
Paddy Rice     
    Length (mm) 10.04 10.01 9.93 
    Width (mm) 2.51 2.58 2.4 
    1000- seed wt. 26.37 30.31 27.29 
Brown Rice     
    Length (mm) 7.9 7.9 7.98 
    Width (mm) 2.18 2.37 2.14 
    1000- seed wt. 21,51 24.74 22.81 
Milled Rice     
    Length (mm) 7.1 7.23 7.27 
    Width (mm) 2.12 2.3 2.04 
    Length/Width Ratio 3.35 3.15 3.58 
    1000- seed wt. 19.94 22.27 19.72 
Milling performance     
    MC greater than 22% 58/67 60/68 60/67 
    MC=19-22% 61/70 61/68 60/67 
   MC less than 19% 61/70 56/68 58/67 
Blanking     
     San Joaquin Blanking 2.42 2.17 3.17 
    Greenhouse Blanking 68 50.5 67.17 
Disease resistance     
    Stemrot 3.5 2.4 2.9 
    Agg. Sheath Spot 2 1.7 2.4 
    Blast 3.1 3 3 
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SHORT GRAINS 
 
Overview 
 Dr. Samonte who lead the short grain project since 2012 resigned in August 2017 
transferring the short grain breeding project back to Dr. V.C Andaya. While a new breeder 
will be on board in 2018, training and transitioning will remain a significant effort to retune 
breeding activities. The breeding support staff has been briefed on changes to pave the way 
for a smooth transition and orderly transfer of responsibilities.  
 The short grain breeding project is responsible for developing conventional short grains 
and specialty types such waxy rice, low amylose short grains, Arborio-types, and 
premiums. Breeding emphasis is heavy on improving overall grain quality, milling yields 
and adaptation to cold environments.  The breeding objectives for the short grains include 
improvement in grain yield and yield-related traits, milling and cooking quality, blanking 
resistance, lodging resistance, very early to early and uniform maturity, short flowering 
duration, and resistance to diseases. In addition, specific trait parameters are required to 
qualify a line into a specific grain type. The short grain market, both conventional and 
premium, remains important to the California rice industry and could become more 
significant if opportunities in Asia expand. For the specialty types, market for Arborio-
types and low-amylose types has remained essentially small but nonetheless, breeding 
continues on a limited scale in anticipation of positive future market opportunities.  
  
Composition of the Short Grains Project 

By proportion, the short grains project is composed of approximately 30% conventional 
short grains, 35% waxy, 20% premium short grains, 10% Arborio-type, and 5% low 
amylose types. There were a total 402 advanced rice lines of conventional and specialty 
short grain were evaluated in 2017 replicated preliminary yield trials (10’x10’ and 10’x20’) 
and SW yield tests. Yield experiments were designed by considering the grain type and 
maturity of test entries and putting appropriate checks for comparison. Out of the 402 lines, 
118 were conventional short grains, 69 were premium short grains, 147 were waxy short 
grains, 17 were low amylose, and 47 were Arborio-type. Twenty were entered in the SW 
test.  

  
Performance of Short Grain Varieties in Yield Tests 

Experimental lines in nurseries and yield tests are compared against check varieties 
which include; S-102, Calhikari-201 (CH201), Calhikari-202 (CH202), Calmochi-101 
(CM101), Calmochi-203 (CM203), Calamylow-201 (CA201), and an Arborio-type 
germplasm line 89Y235. S-102 is a commercially grown short grain variety released in 
1996 and is the standard short grain variety check. It is very early maturing, with large 
seeds, pubescent, and good cold tolerance. CH202 is the latest premium quality variety 
released in 2012. It is early, short, pubescent, yields higher than CH201, has better eating 
quality, smaller grains, and higher milling. CM203 is the latest waxy or sweet rice released 
by RES in 2015. It is a high yielding, glabrous, early maturing variety released as an 
alternative to CM101. CA201 is no longer in seed production at RES but still served as 
check for low amylose line. 89Y235 is an RES germplasm release with big seeds. 

The average grain yields and agronomic performance of the short grain checks in the 
SW test at RES location in 2017 are presented in Table 10. Data is based on pooled results 
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of the VE, E , and IL SW experiments wherever the checks were entered. Grain yield of 
CM203 was the highest at 10,580 lbs./acre followed by S-102 at 10,060 lbs./acre while the 
yield of CA201 was lowest at 5990 lbs./acre. Seedling vigor of CH201 was still the best 
among the short grains, however the premium short grains still lagged behind in terms of 
straw strength. The number of days to heading among the checks ranged from 72 to 76 
days which is shorter than previous years (2017 being warmer on average).  

 
Table 10. Average grain yield and agronomic characteristics of short grain checks 
in the UCCE Statewide Tests at RES in 2017.  

 

Variety 
Grain 
Yield 

(lbs./acre) 

Seedling 
Vigor  

Days to 
Heading  

Plant 
Height 
(cm) 

Lodging 
(%) 

CM203 10580 4.8 72 101 49 
CM101 8620 4.8 72 95 53 
S-102 10060 4.9 73 100 40 

CH201 9210 5.0 75 99 80 
CH202 8820 4.9 73 92 71 
89Y235 8090 4.7 76 102 55 
CA201 5990 4.9 73 94 20 

 
 
Promising Conventional Short Grain  

A conventional short grain line, 10Y2043, continued to show yield superiority again in 
2017 compared to S-102 in almost all SW yield test locations. Grain yield of 10Y2043 
averaged across 8 SW test locations in 2016 was 11,330 lbs./acre, an 18% yield advantage 
over S-102. Similarly in 2017 its grain yield at RES was 11,220 lbs./acre.  The pooled 
average grain yield and agronomic performance of 10Y2043 and S-102 in all SW tests 
from 2015 to 2017 is summarized in Table 11. Yield advantage of 10Y2043 over S-102 
ranged from 16% to 23% in all locations except San Joaquin where was yield is 2% lower 
than S-102. Compared to S-102, the seedling vigor is similar, but it heads about 2-4 days 
later and has a greater tendency to lodge even though it is shorter by about 4 cm. 

The grain dimensions of 10Y2043 and S-102 are summarized in Table 12. The grains 
of 10Y2043 are smaller than S-102, have a similar length/width ratio, and have less chalky 
area. It has a glabrous or smooth hull compared to pubescent grains of S-102. Foundation 
seeds will be produced in 2018. 
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Table 11. Average grain yield and agronomic performance of 10Y2043 and S-102 in 
UCCE Statewide Tests from 2015 to 2017. 
 

Location Entry 
Name 

Grain 
Yield 

(lbs./acre) 

%Yield 
Adv. Over 

S-102 

Seedling 
Vigor 

Days to 
Heading 

Lodging 
(%) 

Plant 
Height 
(cm) 

Butte 10Y2043 10710 21% 4.9 83 88 96 
  S-102 8820  - 4.9 79 65 100 

Colusa 10Y2043 10250 22% 4.8 89 38 95 
  S-102 8390  - 4.9 83 16 99 

Yuba 10Y2043 10310 23% 4.9 83 95 99 
  S-102 8400  - 4.9 79 96 102 

Sutter 10Y2043 11060 16% 4.9 84 79 89 
  S-102 9560  - 4.9 82 55 94 

Yolo 10Y2043 9850 19% 4.9 82 24 90 
  S-102 8280  - 4.9 80 9 95 

San Joaquin 10Y2043 9100 -2% 4.6 101 1 81 
  S-102 9240  - 5.0 99 3 84 

Glenn 10Y2043 7590 20% 3.7 93 92 103 
  S-102 6310   3.9 85 80 108 

 
 
Table 12. Grain dimensions of milled grains of 10Y2043 and S-102. 

 
Year Length (mm) Width (mm) L/W Ratio  

  S-102 10Y2043 S-102 10Y2043 S-102 10Y2043 

2013 5.34 5.1 2.93 2.75 1.83 1.85 
2014 5.46 5.09 2.93 2.85 1.87 1.79 
2015 5.49 5.13 3.03 2.85 1.81 1.8 
2016 5.32 5.14 3.05 2.95 1.74 1.74 
2017 5.36 5.15 3.19 2.94 1.68 1.75 
Mean 5.39 5.12 3.03 2.87 1.79 1.79 
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Specialty Short Grains 
Premiums- For the premium quality short grains, a lot of effort is exerted in evaluating 

advanced lines for grain and cooking quality at the station and also with marketing 
organizations. Screening is very difficult, thus the project is constantly looking for ways to 
improve evaluation through equipment upgrades such as better rice cookers, a Satake Taste 
Analyzer, and S21 Grain Analyzer. DNA markers for taste quality had been reported but 
not successfully validated in the DNA Marker Lab.   

In 2016, early Koshihikari mutants were isolated and verified as mutants through DNA 
analyses. These early Koshihikari mutants (eKosh) head two weeks earlier, had higher 
yield, but still were susceptible to lodging.  Cooking quality will be evaluated for grain 
quality on 2017 cooking samples. 
  Waxy- The 2015 release of CM203, a high yielding, glabrous, early maturing waxy 
variety, was made to give growers an alternative to CM101 which was released in 1985. 
CM101 had been the standard of quality for the sweet rice market in California, however 
its yield potential was significantly below CM203. Despite the dramatic yield advantages 
of CM203, there has not been acceptance in the market as an alternative to CM101 due to 
grain quality difference. The differences were not identified as a problem in by market 
evaluators prior to release. Breeding efforts are also underway to further improve the 
quality of the sweet rice and couple that with a higher yield potential.  

Low amylose and Arborio-types- The status of the market for low amylose short grains 
as well as demand for Arborio-types in California remain undetermined. Breeding efforts, 
nonetheless, continue on a limited scale for both types. RES has yet to release a bold grain 
variety, although it has released 87Y235 as a germplasm in 1994 which is grown 
commercially in a very small acreage. Seed production of CA201was discontinued at RES 
due to no requests from certified seed producers, however there is a very small commercial 
production and commercial use of this specialty type. 
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SPECIAL PROJECT 
 
Herbicide Resistant Rice - ROXY™ 
  A special 3 year CRRB project, “Herbicide Tolerant Rice for California- Screening for 
Herbicide Tolerance through Induced Mutation” was successfully concluded in 2016. This 
project produced a non-GM rice trait providing resistance to the herbicide oxyfluorfen 
(Goal 2XL and GoalTender). It was discovered in a population of M-206, currently the 
most widely grown Calrose variety in California. Genetic studies by RES showed that this 
trait is inherited as a single recessive gene, and this mutant allele has been designated 
“ROXY”, an acronym to indicate “Resistance to oxyfluorfen.”  Transfer, selection, and 
recovery of the ROXY trait to other varieties and grain types has been accomplished by the 
breeding program. Genetic studies have determined its inheritance and the RES DNA Lab 
continues to investigate the ROXY discovery. 
 Field and greenhouse research on rice weed control from 2015-2017 has been 
conducted at RES and included 9 off-station locations. The results of these experiments 
have shown that oxyfluorfen applied preplant in a water-seeded system provides high 
levels of rice weed control with acceptable level of crop safety in rice with the ROXY trait. 
2017 tests also show very high levels of weed control in combination with other registered 
rice herbicides. It was also effective in drill-seeded rice with a preplant and/or preflood 
application at RES. 
 The use of oxyfluorfen with an adapted ROXY variety could offer a very attractive 
system for weed control in California rice; 
• application on dry fields in the final steps of seed bed preparation 
• allowing use in proximity to sensitive areas or crops  
• resistance to PPO herbicides has not been reported for CA rice weeds 
• only 1 PPO herbicide is registered whereas there as many ALS herbicides  
• as an off-patent herbicide oxyfluorfen should offer very significant cost savings to rice 

growers compared to other available products. 
  The RRT is funding extensive research, intellectual property protection, and a patent for 
this mutant allele and a method of use has been filed. This effort is receiving support from 
the California Rice Commission, California Rice Research Board, and California weed 
scientists. Breeding, genetics, research on efficacy and data requirements to register 
oxyfluorfen for application on rice are being pursued to obtain registration for this 
herbicide for use on rice in California. 
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DNA MARKER LABORATORY 
 

   Dr. Cynthia Andaya is the Research Scientist in charge of running the DNA Marker 
Laboratory. This is an important part of the breeding program doing genotyping work and 
special projects in support of breeding goals. The lab routinely does the following: marker-
aided selection (MAS) for blast resistance, grain quality, aroma and herbicide resistance; 
fingerprinting and purity testing of advanced lines; genetic mapping studies of stem rot 
resistance gene and herbicide resistance; and generation of mutant populations using both 
irradiation and chemical mutagenesis. It also supports herbicide resistance research by 
generating rice mutant populations using chemical mutagenic agent and validating the 
identity of the putative mutants using DNA markers. 

  
Marker-Aided Selection 

MAS for both blast resistance and grain quality is routinely being done at RES. Table 
13 lists the DNA markers commonly used in MAS. To screen for blast resistance, five 
simple sequence repeat (SSR) or microsatellite markers namely: RM208, AP5930A, 
RM224, RM331 and RM7102, are being used to detect the presence of specific blast 
resistance genes in plants. Four SNP markers and one SSR marker are being used to predict 
the grain quality parameters. RM190 and B7-5 primers are also being used grain quality 
and aroma. In 2017, SSR markers were used for the first time to select for stem rot 
resistance, which were identified by the lab from genetic mapping studies. 

In 2017, a total of 7594 lines from the breeding program were screened for blast 
resistance,  (3080 lines for grain quality and aroma, 6248 lines for herbicide resistance 
using the 2 markers for oxyfluorfen herbicide resistance, and 343 lines for the stem rot 
resistance).  A total of 17,265 lines were screened on four targeted traits, generating 
approximately 30,607 relevant data points.   

Looking at MAS output for blast resistance and grain quality only from 2011 to 2017, 
an average of 9740 lines per year were screened. In 2013, the lab analyzed the highest 
number of lines, around 16,700, for MAS for those two traits. Based on the seven-year 
record and current equipment and staffing, the lab is capable of handling approximately 
17,000 rice materials on an annual basis. 
  
DNA Fingerprinting 

An important component of the DNA lab is to provide assistance in variety identity and 
purity assessment by maintaining and updating a marker database of all rice varieties 
released by RES and important germplasm or introductions. The lab has developed a panel 
of DNA markers that distinguish one medium grain variety from another. This has already 
been helpful in confirming seed contamination in grower’s fields. Markers that can also 
distinguish long grain and short grain varieties have been identified. 

Fingerprinting requests vary from year to year depending on the need of the breeding 
program.  In 2017, the lab received 287 lines for fingerprinting. The requests consist of 
fingerprinting to confirm new crosses, putative M-209 mutants, RES germplasm 89Y235, 
and various samples taken out of the foundation seed fields. Some external requests were 
likewise received from growers for varietal identification.  

An annual average of 2166 lines were fingerprinted from 2012 to 2017, generating  a 
total of 24,022 useful data points using at least 10 markers for purity and uniformity testing.  
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Fingerprinting request was highest in 2016 at around 5400 lines.  The number of materials 
analyzed for MAS and fingerprinting were combined to determine the total that goes 
through the DNA lab yearly.  On average, the DNA lab analyzed 12,800 lines a year 
generating around 63,500 data points.  The highest number of lines that lab examined was 
18,600 in 2012, indicating the capability to analyze samples using the existing marker 
platform.  
 
Herbicide Resistance 

The RES Breeding Program has been using gamma radiation and EMS mutagenesis in 
an effort to find rice with herbicide resistance as well as other traits. In 2014, mutant lines 
were isolated from EMS-treated M-206 that were resistant to oxyfluorfen, the active 
ingredient in the herbicide, Goal 2XL. The literature reports that oxyfluorfen targets the 
protoporphyrinogen oxidase (PPO) enzyme which is under the control of the PPO or protox 
gene. This PPO enzyme is a chloroplast and mitochondrial enzyme responsible for 
chlorophyll cell membrane destruction.  Initial sequencing of the PPO gene in the mutants 
and M-206 found no sequence differences, implying that the resistance to the herbicide is 
not due to a mutation in the PPO gene. 

 Subsequent studies were initiated to genetically map the location of oxyfluorfen 
resistance gene(s) by using a mapping population between an aromatic long grain variety, 
A-202, and an M-206 mutant line designated as 14G7. Initial mapping studies by the lab 
determined chromosome location of the ROXYTM gene. A “fine mapping population” from 
the cross between mutant line 14G6 and L-206 was developed. A total of 1116 lines were 
used for fine mapping from this population to further narrow the region and reduce the 
number of number of candidate genes to focus on. Sequencing of candidate genes has been 
initiated. 

 
Cost and Future Genotyping Work 

Several genotyping platforms are being marketed for use in plant breeding. While these 
are high throughput systems, the cost is prohibitive for a small non-profit organization like 
RES to initially afford. For example, the estimated investment for LGC SNP line 
genotyping platform is around $300,000, excluding operational costs associated with 
running the instruments such as the use of proprietary reagents and consumables. 
Outsourcing marker genotyping is also possible but is likewise costly.  For example, the 
Australian rice breeding program spends approximately $100,000 for 10,000 samples using 
the Diversity Arrays Technology (DArT) platform ($10/sample; Ben Ovenden, personal 
communication). LGC genomics offers genotyping services for a number of crops 
including rice but the price is also expensive. For 10 markers and 500 samples, LGC 
charges $5.40 per sample (https://www.lgcgroup.com). Outsourcing the average number 
of lines analyzed at RES, the total cost would be $68,600 per year; that is three times what 
is currently being spent for marker work with an added inconvenience of shipping the 
samples elsewhere and at least a month turnaround time. 

When the DNA lab was initially established, the machine capital cost was $10,000 for 
the ABI 377 machine purchased, and the cost of operation was $15,000 per year.  The 
majority of the PCR machines used by the DNA Lab from 2009 to 2014 were donated and 
two machines are on loan from the USDA rice genetics project at UCD.  The cost of two 
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ABI machines and 6 new PCR machines was $24,000 and funded by the RRT. The DNA 
Lab had an operational budget of $30,000 per year from 2011 to 2016. 

 At RES, the cost of DNA extraction is $0.19 per sample. The marker data from 
unlabeled primers is $0.10 per sample while labeled primers are $0.06 per sample.   The 
cost of generating important data points is $0.25 to $0.29. The ABI 377 machines in use 
are no longer being supported.  This coupled with absence of spare parts for repairs, 
availability of gel membranes for sample loading in the next 3 years, will probably force  
a shift to other more expensive options for genotyping breeding materials. 

 
Table 13. List of DNA markers used in marker-assisted selection. 

 
DNA Marker Trait 

RM7102 Pi-ta, Pi-ta2 
RM331 Pi-33 
RM224 Pi-1, Pi-kh, Pi-km 

AP5930A Pi-z2, Pi-z5, Pi-9, Pi-40 
RM208 Pi-b 

Waxy exon 10 RVA curve 
Waxy Exon 1 Amylose Type 
Waxy Exon 6 Amylose Type 

alk Gel Temperature 
RM 190 Amylose 

B7-5 Aroma 
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RICE PATHOLOGY 
 
 Rice diseases in California are comparatively not as destructive and prevalent compared 
to the Southern USA rice growing areas. Though an epidemic occurrence is very rare, 
certain diseases may have the potential to cause significant damage. The plant pathology 
project supports the breeding program by screening early and advanced breeding lines for 
diseases that are present in California such as the stem rot, aggregate sheath spot, and blast. 
The rice pathologist produces inoculum, sets up disease nursery in the field and 
greenhouse, designs and devises screening protocols and rating scales, identifies disease-
resistant germplasm from external sources, and may introgress genes from these materials 
into modern cultivars using DNA markers. The pathologist also takes charge of quarantine 
protocols and handling and storage of rice seed introductions.  Dr. Paul Sanchez was in 
charge of the project until his resignation in October of 2017. Upon his departure, the 
pathology responsibilities were turned over temporarily to Dr. Cynthia Andaya, in addition 
to her role in the DNA Lab. 
  
Blast Disease 
 The major effort on blast resistance was initiated in 2005 by Mr. Jeffrey Oster who 
retired in 2015 after more than 30 years as a rice pathologist at RES. It involved a backcross 
effort to introgress blast resistance genes from various blast resistant germplasm into the 
M-206 genetic background. The rice blast disease in California was identified for the first 
time in 1996. The first blast resistant variety (M-207, possessing the Piz gene) was released 
in 2005, followed by M-208 (also with Piz) in 2006. Symptoms of the blast disease were 
noted on M-208 at low frequency in 2009. A new race has been found which is significantly 
different pathologically from IG1. So, even though all isolates appear to be genetically 
related, the M-208 isolates can infect rice with Piz and Pik resistance genes, while IG1 
isolates cannot. This virulence pattern is representative of race IB1. 
 The backcrossing work started in 2005 utilized genes with a wide spectrum of blast 
resistance (Pib, Pikh, Pikm, Piz5, Pi9, Pi40, and Pita2).  In 2012, four near-isogenic lines of 
M-206 (Pi40, Piz5, Pikh, Pib genes) were entered in the statewide tests. The blast resistant 
lines performed better than M-208 and comparable to M-206. In 2018, one of the near-
isogenic lines of M-206 with a blast resistance gene, Pi-b, is recommended for release as a 
blast-resistant, medium grain to replace M-208. 
 The use of MAS for selecting blast resistant lines has been successful and routinely used 
in the breeding program. These markers are also being used to pyramid blast resistance 
genes (Pi40, Pikh, and Pita2) mostly in the medium grains. 
    
Stem Rot 
 Screening for stem rot (SR) resistance is performed in inoculated nurseries under field 
conditions and in the greenhouse using materials provided by the breeders. Materials are 
usually advanced lines or entries that are in preliminary yield tests and statewide tests. In 
2017, 3600 rows in the stem rot nursery were water-seeded under high nitrogen fertilizer 
application. Increased nitrogen results in greater disease severity and better screening. The 
sources of SR resistance also confer aggregate and bordered aggregate sheath spot (ASS) 
resistance. Conversely, the sources of ASS resistance also seem to confer SR resistance in 
some materials. A few crosses were made to combine SR and blast resistance. Generations 
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were advanced with blast and SR screening in alternate generations. Aggregate Sheath Spot 
screening was performed on the purified lines.  
 Mapping populations had been previously scored for SR resistance to locate the 
quantitative trait loci (QTL) controlling stem rot resistance. SR resistance of 660 BC3F5 
rows were scored in the field for fine mapping of the SR resistance from Oryza rufipogon. 
Some materials identified as resistant in 2014 in plots were again resistant in plots and 
rows, but many others were inconsistent. One reason was lack of nursery uniformity.  
Variations in SR scoring in 2016 were observed between and among lines in the mapping 
population. Intensive phenotypic evaluation was conducted in 2017 under controlled 
environment conditions inside the greenhouse to confirm the degree of susceptibility and 
resistance of selected lines that were evaluated in different field locations in California. 
Stem rot resistant lines (SRM-4, SRM-8, SRM-18, SRM-87, SRM-89, SRM-62, SRM-63, 
SRM-102 and SRM-103) with similar regions as 87Y550 on chromosomes 3, 5, 6 and 10 
were selected. 
 A yield study on the effect of SR on RES released varieties (M-206, M-209, L-206, L-
207, S-102 and S-301) was conducted in 10’x10’ replicated plots in 2017. The grain yield 
for the medium grain varieties M-206 and M-209 were 10,130 and 10,170 lbs./acre, 
respectively. L-206 registered a yield of 9710 lbs./acre and 10,730 lbs./acre for L-207. S-
102 yield was 10,640 lbs./acre. L-207 was found more resistant to stem rot and consistently 
yielded high under field inoculated with stem rot while M-206 was found susceptible to 
moderately resistant in the field study. A modified stem rot rating scale and scoring system 
was used for 2017 phenotyping that is different than the scale used before 2015. 
 
Aggregate Sheath Spot (ASS) 
 An immediate backcross program was started in 2005 to transfer ASS resistance genes 
from Teqing, Jasmine 85, and MCR10277 to M-206 and L-206.  Existing segregating 
populations from various backcrosses have been advanced in the greenhouse, where sheath 
spot screening is conducted.  In addition, these same materials were grown in the SR field 
nursery.  Some lines (derived from all three donor parents) again showed SR resistance 
equivalent to that found in the wild species. These materials have been preserved in cold 
storage for future reference. 
 Aggregate Sheath spot screening in the greenhouse of advanced lines was expanded 
from just the statewide entries to include preliminary trial entries. 
 
Quarantine Introductions 
 A total of 200 URRN lines from the public breeding programs in the southern US were 
received and taken through a quarantine protocol. The seeds of each line were treated and 
germinated in the laboratory. Generated seedlings were grown to full maturity inside the 
greenhouse in summer 2016. The germplasm materials were screened for seed 
contamination to ensure that each sample was free from insect pests and diseases before 
releasing the harvested seeds to the breeders field testing. All plant introductions were 
grown and released for breeder’s use under the procedures developed and approved by 
USDA and CDFA to prevent introduction of exotic insect pests and diseases as well as 
weedy red rice in California.   
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STATEWIDE YIELD TESTS RESULTS AT RES LOCATION 
 
 Agronomic performance and adaptation of advanced selections from the breeding 
program were determined in multi-location yield tests. These tests are conducted annually 
in grower fields by University of California Cooperative Extension (UCCE) and also tested 
at RES. The 2017 Statewide Yield Tests were conducted at seven locations in commercial 
fields by Mr. John Ray Stogsdill, Dr. Bruce A. Linquist, Dr. Luis Espino, Dr. Randall G. 
Mutters (retired), and Dr. Whitney Brim-DeForest. Advanced selections were tested in one 
of the three maturity groups: very early, early, or intermediate to late with standard check 
varieties included for comparison. Each maturity group was subdivided into an advanced 
and preliminary experiment. The advanced entries and checks had four replications and the 
preliminary entries had two replications. Plots were combine-size (10 x 20ft) and the 
experimental designs were randomized complete blocks. 
 All of these advanced large plot entries were also tested at RES in a randomized 
complete block design. The large plot seeding date at RES was May 22, 2017. Water-
seeding and conventional management practices were used in these experiments. Butte 
and SuperWham + Grandstand were applied for weed control and one application of 
Lambda Cy was applied for rice water weevil control. The experiments at RES had an 
effective harvest area of 140 ft2 (7’ x 20’) and were harvested on September 22, 28 and 27 
for very early, early and intermediate-late group, respectively. The nursery plots were 
harvested with the RES Almaco research combine and additionally supported the UC Weed 
Project harvesting their plots at Hamilton Road. 
 Tables 14 through 18 contain a summary of performance information from the 2017 
Statewide Yield Tests. Yields are reported as paddy rice in pounds per acre at 14% 
moisture. Experimental yields may be higher than commercial field yields because of the 
influence of alleys, border effects, levees, roadways, and other environmental factors. 
Disease scores for stem rot (SR) are averages from the inoculated RES disease nursery. 
The entries that performed well will be advanced for further testing in 2018. Complete 
results of the UCCE Statewide Yield Tests can found on the web at 
http://rice.ucanr.edu/. 
 

 

http://rice.ucanr.edu/
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Table 14. Agronomic performance means of very early advanced entries in Statewide 
Yield Tests at RES and over-location mean yields at Sutter, 2 Yolo sites, and RES (4 
reps) locations in 2017. 
 

Entry 
Number Identity Type † SV ‡ Heading 

(d) § 
Height 
(cm) 

Lodging 
(%) SR ¶ 

Grain Yield 
(lbs./a 14% MC) 
RES State 

3 12Y2175 M 4.7 82 107 20 2.0 11830 9270 
17 14Y1006 L 4.9 69 97 15 2.7 11010 9680 
16 15Y84 L 4.9 75 93 3 1.0 10810 9010 
2 10Y2043 S 4.9 73 93 28 2.0 10720 9640 
15 L-207 L 4.9 73 108 8 1.3 10490 9880 
6 CM203 S 4.9 72 102 33 2.0 10410 9510 
7 15Y2031 S 4.8 74 101 25 1.7 10390 9060 
10 M-209 M 4.9 77 102 13 2.3 10150 8840 
12 12Y3097 M 4.9 71 102 38 3.0 9910 8780 
14 L-206 L 4.8 70 89 13 2.7 9850 8630 
9 M-206 M 4.9 70 103 40 2.7 9680 8840 
11 M-208 M 4.9 71 105 30 3.0 9340 8450 
8 M-105 M 4.9 67 102 25 3.0 9270 8950 
1 S-102 S 4.9 72 99 23 3.0 9260 8750 
13 17Y3000 M 4.9 70 95 25 3.0 9250 8390 
5 15Y2024 S 4.8 74 89 15 2.3 8450 8420 
4 CH202 S 4.8 72 91 53 2.3 8070 8240 
            

MEAN   4.9 72.4 98.5 24 2.35 9930 8960 
CV   0.3 1.8 4.8 58 17 6.0 5.5 
LSD (.05)     0.1 1.9 6.7 19 0.67 844 975 

† L = long grain, M = medium grain, and S = short grain. 
‡ SV = seedling vigor score, where 1 = poor and 5 = excellent. 
§ Number of days to 50% heading. 
¶ SR = stem rot resistance  
  



     2017 RES Progress Report 

32 
 

Table 15. Agronomic performance means of very early preliminary entries in Statewide 
Yield Tests at RES and over-location mean yields at Sutter, 2 Yolo sites, and RES (2 
reps) locations in 2017. 
 

Entry 
Number Identity Type † SV ‡ Heading 

(d) § 
Height 
(cm) 

Lodging 
(%) SR ¶ 

Grain Yield 
(lbs./a 14% MC) 

RES State 
27 15Y2100 S 4.9 80 103 5 2.3 10670 9250 
35 16Y3019 M 4.9 69 100 15 2.7 10380 9280 
31 14Y3143 M 4.9 74 108 20 3.0 10330 8760 
38 15Y3036 M 4.9 71 97 20 2.7 10200 8630 
28 16Y2028 S 4.8 76 99 30 2.7 9950 9110 
24 16Y2009 S 4.9 73 107 60 1.3 9620 9000 
34 13Y3152 M 4.9 73 97 5 2.7 9470 8660 
22 16Y2085 S 4.9 73 90 0 1.3 9470 9010 
30 M-205 M 4.9 79 95 5 2.3 9430 8300 
46 16Y1007 L 4.9 72 97 0 2.3 9290 9340 
19 16Y2052 S 4.9 73 94 45 1.7 9210 8890 
21 16Y2058 S 4.7 77 103 30 1.7 9190 8310 
39 16Y3010 M 4.9 75 90 0 2.7 9130 8550 
37 14Y3035 M 4.9 75 106 25 2.7 8930 8440 
32 14Y3099 M 5.0 69 92 10 2.7 8910 8330 
23 16Y2091 S 4.9 74 93 5 1.0 8890 8700 
29 M-104 M 4.9 64 92 25 3.0 8790 8930 
48 16Y1015 L 4.9 69 96 0 1.0 8740 8980 
45 16Y1192 L 4.9 75 101 5 1.0 8720 8360 
47 16Y1013 L 4.8 70 81 0 1.3 8650 8170 
41 16Y3016 M 4.9 66 96 15 3.0 8640 8720 
43 16Y3045 M 5.0 71 93 0 3.0 8490 8280 
44 16Y3048 M 4.9 68 99 15 3.0 8420 8890 
49 16Y1020 L 5.0 70 102 20 1.0 8300 8930 
25 16Y2127 S 4.9 77 86 5 3.0 8280 8300 
33 13Y3030 M 4.9 67 96 10 2.7 8250 8410 
36 14Y3032 M 4.9 66 93 10 2.7 8240 8790 
18 CM-101 S 4.9 72 96 35 2.7 8140 7940 
20 89Y235 S 4.7 76 102 55 2.3 8090 7650 
40 16Y3011 M 4.9 66 102 30 3.0 8050 8450 
42 16Y3020 M 5.0 66 100 10 3.0 8050 8840 
51 A-202 L 4.9 72 100 5 1.7 7890 8100 
50 15Y1027 L 4.9 68 104 0 1.3 7800 8940 
26 CA201 S 4.9 73 94 20 3.0 5990 6710 
            

MEAN   4.9 71.5 97.0 16 2.27 8840 8590 
CV   0.7 2.0 4.2 64 22 9.7 7.8 
LSD(.05)     0.1 3.0 8.3 20 0.8 1743 1043 

† L= long grain, M = medium grain, and S = short grain. 
‡ SV = seedling vigor score, where 1 = poor and 5 = excellent.   
¶ SR = stem rot resistance score, based on 3 reps, where 0 = very resistant and 4 = very susceptible. 
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Table 16. Agronomic performance means of early advanced entries in Statewide Yield 
Tests at RES and over-location mean yields at Colusa, Butte, Yuba, and RES (4 reps) 
locations in 2017. 
 

Entry 
Number Identity Type † SV ‡ Heading 

(d) § 
Height 
(cm) 

Lodging 
(%) SR ¶ 

Grain Yield 
(lbs./a 14% MC) 
RES State 

62 10Y2043 S 4.8 76 95 65 1.7 11630 10000 
63 12Y2175 M 4.6 82 107 48 2.3 11560 9860 
77 14Y1006 L 4.7 71 102 38 2.3 11460 10330 
76 15Y84 L 4.9 77 97 28 1.0 11450 9170 
75 L-207 L 4.9 75 110 18 1.0 11070 9950 
67 15Y2112 S 4.9 78 102 88 2.0 10850 9350 
65 15Y2153 M 4.8 87 106 40 2.0 10780 8930 
64 15Y2151 M 4.8 81 108 68 2.7 10750 9030 
70 M-209 M 4.7 80 103 20 2.0 10490 9190 
72 12Y3097 M 4.7 72 101 75 3.0 10470 9110 
74 L-206 L 4.7 72 94 28 2.7 10470 9060 
61 S-102 S 4.8 72 103 53 3.0 10460 8430 
68 M-105 M 4.8 69 101 70 3.0 10290 8740 
73 17Y3000 M 4.9 72 100 73 3.0 10190 8810 
71 M-208 M 4.7 72 106 80 3.0 10010 8500 
69 M-206 M 4.8 71 102 83 3.0 9770 8850 
66 CH202 S 5.0 73 94 90 2.3 9560 8720 
            

MEAN   4.8 75.2 101.8 56 2.35 10660 9180 
CV   1.4 1.4 2.9 25 23 3.7 4.9 
LSD(.05)     0.1 1.5 4.2 20 0.9 561 620 

† L = long grain, M = medium grain, and S = short grain.  
‡ SV = seedling vigor score, where 1 = poor and 5 = excellent. 
§ Days to 50% heading.  
¶ SR = stem rot resistance score, based on 3 reps, where 0 = very resistant and 4 = very susceptible. 
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Table 17. Agronomic performance means of early preliminary entries in Statewide Yield 
Tests at RES and over-location mean yields at Colusa, Butte, Yuba, and RES (2 reps) 
locations in 2017. 
 

Entry 
Number Identity Type † SV ‡ Heading 

(d) § 
Height 
(cm) 

Lodging 
(%) SR ¶ 

Grain Yield 
(lbs./a 14% MC) 

RES State 
91 15Y3171 M 4.8 76 101 20 2.0 11270 9470 
80 15Y2135 S 4.5 78 98 50 1.3 11200 9530 

110 15Y1018 L 4.7 79 108 20 1.0 11120 9190 
103 16Y1029 L 4.9 72 101 0 1.3 11100 9200 
85 16Y2117 S 4.9 73 95 55 3.0 10910 9630 

108 16Y1154 L 4.7 75 110 35 1.0 10870 9700 
95 15Y3086 M 4.8 72 96 65 2.7 10810 9350 
79 CM203 S 4.7 73 101 65 2.0 10740 9660 
97 16Y3054 M 4.7 74 103 65 2.3 10660 9280 
88 M-205 M 4.7 80 105 20 2.3 10640 9090 
82 16Y2055 S 4.4 81 94 60 1.0 10610 8930 

113 15Y1027 L 4.7 72 108 15 1.3 10590 9680 
90 15Y3177 M 4.7 79 101 20 2.0 10580 9230 
89 14Y3121 M 4.7 80 102 10 2.0 10540 9130 
92 13Y3176 M 4.9 78 102 30 2.0 10530 9180 

101 16Y3116 M 4.7 83 100 0 2.0 10530 8580 
100 16Y3115 M 4.6 78 106 15 2.7 10520 9170 
81 16Y2053 S 4.7 80 100 25 1.3 10410 9110 

105 16Y1063 L 4.7 76 98 0 1.3 10390 9590 
93 15Y3172 M 4.7 82 104 25 2.0 10250 8960 

111 12Y1022 L 4.7 76 108 0 1.7 10240 9090 
104 16Y1051 L 4.9 72 105 15 1.7 10180 8700 
102 16Y3165 M 4.7 77 102 25 2.3 9970 8560 
84 16Y2121 S 4.8 69 92 60 2.7 9960 8390 
98 16Y3066 M 4.6 72 101 55 2.7 9910 8860 

109 A-202 L 4.8 73 103 30 1.3 9890 9020 
86 16Y2169 S 4.8 71 95 40 3.0 9800 9100 
94 13Y3080 M 4.9 69 98 75 3.0 9780 8740 
96 15Y3150 M 4.4 76 105 35 3.0 9740 8950 

114 15Y1169 L 4.6 78 107 5 1.3 9480 8330 
87 M-104 M 4.7 66 102 40 3.0 9450 8240 

107 16Y1149 L 4.2 81 119 80 1.0 9420 7670 
99 16Y3067 M 4.6 72 99 55 3.0 9360 8430 
83 CH201 S 5.0 75 99 80 3.0 9210 7750 
78 CM101 S 4.8 73 94 70 3.0 9090 7590 

112 15Y1195 L 4.8 80 96 0 1.0 7840 6570 
106 16Y1064 L 4.8 77 105 10 2.0 7840 7170 
115 14Y1142 L 4.8 80 96 0 1.3 7370 6720 

            
MEAN   4.7 75.5 101.3 33 2.02 10070 8780 
CV   2.1 2.1 2.9 48 24 6.3 7.8 
LSD(.05)     0.2 3.2 5.9 32 0.8 1293 831 

† L = long grain, M = medium grain, and S = short grain.  
‡ SV = seedling vigor score, where 1 = poor and 5 = excellent. 
¶ SR = stem rot resistance score, based on 3 reps, where 0 = very resistant and 4 = very susceptible. 
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Table 18. Agronomic performance means of intermediate to late advanced entries in 
Statewide Yield Tests at RES and over-location mean yields at Butte, Glenn and RES (4 
reps) locations in 2017. 
 

Entry 
Number Identity Type † SV ‡ Heading 

(d) § 
Height 
(cm) 

Lodging 
(%) 

SR 
¶ 

Grain Yield 
(lbs./a 14% MC) 

RES State 
133 14Y1006 L 4.9 68 98 40 2.0 11600 10050 
124 12Y2175 M 4.9 81 106 28 2.3 11570 9220 
122 10Y2043 S 4.9 75 95 45 1.3 11320 9600 
132 15Y84 L 4.9 78 93 3 1.3 11320 9710 
131 L-207 L 5.0 73 107 10 1.7 10560 9260 
130 L-206 L 4.9 72 98 15 2.7 10520 9020 
121 S-102 S 4.9 74 100 45 3.0 10450 8530 
127 M-209 M 4.9 80 101 18 2.3 10350 9010 
128 M-208 M 4.9 74 103 73 3.0 10040 8630 
125 M-105 M 4.9 68 99 33 2.7 9940 8790 
129 12Y3097 M 4.9 71 100 63 3.0 9860 8680 
126 M-206 M 4.9 70 97 60 3.0 9470 8760 
123 M-402 M 5.0 late 103 0 1.0 8880 7480 

            
MEAN   4.9 73.7 100.0 33 2.3 10450 8980 
CV   0.2 1.4 3.9 36 18 4.7 7.3 
LSD(.05)     0.0 1.4 5.7 17 0.7 707 1201 

† L = long grain, M = medium grain, and S = short grain. 
‡ SV = seedling vigor score, where 1 = poor and 5 = excellent. 
§ Days to 50% heading.  
¶ SR = stem rot resistance score, based on 3 reps, where 0 = very resistant and 4 = very susceptible. 
  



     2017 RES Progress Report 

36 
 

Table 21. Agronomic performance means of intermediate to late preliminary entries in 
Statewide Yield Tests at RES and over-location mean yields at Butte, Glenn and RES (2 
reps) locations in 2017. 
 

Entry 
Number Identity Type † SV ‡ Heading 

(d)§ 
Height 
(cm) 

Lodging 
(%) SR ¶ 

Grain Yield 
(lbs./a 14% MC) 

RES State 
142 14Y3145 M 4.9 84 103 0 2.0 11250 9210 
151 16Y127 L 5.0 76 102 20 1.0 11220 9400 
138 15Y2151 M 4.9 81 109 45 2.7 10940 8820 
144 16Y3111 M 4.9 81 109 15 2.0 10900 9020 
139 15Y2153 M 4.9 84 109 10 2.0 10840 10330 
145 16Y3112 M 4.9 81 105 15 2.0 10700 9250 
146 16Y3121 M 4.9 83 100 0 2.0 10690 9390 
143 16Y3108 M 4.9 83 102 0 1.7 10660 8950 
152 15Y1178 L 4.9 84 106 0 1.3 10640 8580 
141 M-205 M 4.9 84 104 0 2.7 10590 9210 
150 A-202 L 4.9 74 104 10 1.3 10540 8570 
137 16Y2071 M 5.0 80 111 0 1.3 10110 7690 
148 16Y1176 L 5.0 83 108 0 1.3 10070 8250 
149 16Y1185 L 4.8 84 113 10 2.7 10010 7240 
135 16Y2150 M 4.9 84 108 20 2.3 9880 8220 
134 M-401 M 5.0 late 115 5 1.0 9600 7230 
140 M-104 M 4.9 67 101 55 2.3 9440 7990 
136 16Y2075 M 4.9 82 111 10 2.3 9390 8520 
153 15Y1051 L 4.9 74 124 20 1.3 8810 6850 
155 14Y156 L 4.9 72 125 85 1.3 6310 5640 
147 16Y1118 L 4.9 82 128 35 1.7 6270 5680 
154 14Y149 L 4.9 84 116 17 1.3 5410 5550 

            
MEAN   4.9 80.2 109.3 17 1.8 9740 8270 
CV   0.3 1.0 4.3 46 31 2.7 11.0 
LSD(.05)     0.1 1.8 9.8 16 0.9 558 1595 

† L = long grain, M = medium grain, and S = short grain. 
‡ SV = seedling vigor score, where 1=poor and 5=excellent. 
§ Days to 50% heading.  
¶ SR = stem rot resistance score, based on 3 reps, where 0 = very resistant and 4 = very susceptible. 
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