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OVERVIEW 
Kent McKenzie 

 

The California Cooperative Rice Research Foundation (CCRRF) is a private 

nonprofit research foundation [501(c)(5)] made up of California rice grower members. 

The Rice Experiment Station (RES) is owned and operated by CCRRF and carries out the 

public breeding program for the California rice industry. 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.  

In 2020 the RES scientific professional staff includes a director, assistant director, 

director of plant breeding, two plant breeders, and a research scientist. Eleven career 

positions consisting of  five plant breeding assistants, one DNA Lab technician, a field 

supervisor, one mechanic and field operator, two maintenance and field operators, and 

one executive assistant make up the support staff. Approximately 20 seasonal laborers are 

employed during crucial planting and harvest times. 

 

ORGANIZATION AND POLICY 

 

Policy and administration of RES is the responsibility of an eleven-member Board of 

Directors elected by the CCRRF membership, which is a free membership to all 

California rice growers. 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 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 to develop 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, semi-dwarf 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; the remaining 20% is derived from grants, investment revenue, and the 

sale of foundation rice seed to seed growers. 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 and gifts to 

support rice research and the breeding program. 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, 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 is conducted by Mr. John Ray Stogsdill (UCD Staff Research Associate III) 

under the direction of Specialist in Cooperative Extension Dr. Bruce A. Linquist (UCD), 

with University of California Cooperative Extension (UCCE) Farm Advisors Dr. 

Whitney Brim-DeForest (Placer, Sacramento, Sutter, Yuba), Dr. Luis Espino (Butte, 

(Glenn, Colusa, Yolo), and Dr. Michelle Leinfelder-Miles (San Joaquin). 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.  

The CCRRF staff, facilities, and equipment also supported agronomic, weed, disease, 

and insect research by UCD scientists. Dr. Kassim Al-Khatib (Professor, Department of 

Plant Sciences, UCD), Alex Ceseski (UCD Ph.D. candidate), and Mr. Aaron Becerra-

Alverez (UCD Junior Specialist) conducted research on 16 acres at Hamilton Road. Drs. 

Linquist and Espino, and Extension Entomologist Ian Grettenberger, are doing rice 

agronomic and entomology research on 18 acres at RES. They are being supported at 

RES by Mr. John Ray Stogsdill and Mr. Kevin Goding (Staff Research Associate II, 

Department of Entomology). RES also provides technical input and support to the 

California Rice Commission (CRC).  

 

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. Fifty-one improved rice varieties have been released since 

an accelerated research program began in 1969.  Since 1988, CCRRF has protected new 

varieties under the Plant Variety Protection Act Title 5 option that requires seed to be 
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sold only as a class of certified seed. Utility patents have also been obtained. All seed 

growers of all classes of certified seed of CCRRF varieties must be annually licensed by 

CCRRF. 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 on all RES annual 

foundation and basic seed by CRC have been non-detect.  
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RICE BREEDING PROGRAM 
Virgilio C. Andaya 

 

The CCRRF continues its commitment to California rice growers in the development 

and release of excellent high-yielding and high-quality rice varieties. The RES Breeding 

Program implements rice variety development on long, medium, and short grains. These 

grains cover a total of eleven market classes that can be broadly classified into 

conventional and specialty types. Breeding for each of the three major grain types is 

traditionally assigned to a rice breeder overseen by a Director of Plant Breeding.  

 

BREEDING PERSONNEL 

 

The RES Breeding Program is under the leadership of the Director of Plant Breeding, 

Dr. Virgilio C. Andaya. He is responsible for breeding and research and guides the 

breeding team to achieve the collective goal of developing improved California rice 

varieties for all grain types and market classes. He primarily breeds for new medium 

grain rice varieties and makes recommendations for variety releases to the Board of 

Directors. 

Dr. Teresa De Leon leads the short grain breeding program and is temporarily taking 

charge of stem rot disease field-screening and the quarantine of rice introductions. 

Dr. Shyamal Talukder leads the long grain breeding program, serves as the liaison to 

the public rice breeding programs in the Southern US, and handles screening of the 

Uniform Rice Nursery (URN). 

Dr. Cynthia Andaya is the Research Scientist in charge of the DNA Lab (now 

Genetics Lab) since 2010. Her primary responsibility is to assist breeders in marker-

assisted selection work, purity and uniformity testing through DNA fingerprinting, 

development of mutant populations, and performing genetic studies for traits important to 

California. She also provides technical DNA marker expertise to the California rice 

industry and other rice research cooperators. 

Dr. Kent McKenzie retired from his position as RES Director on December 31, 2020; 

he also led the Special Project on Herbicide Resistance (ROXY®) Research. As the RES 

Director, Dr. McKenzie provided logistical support, research funding, guidance on 

variety releases, market evaluation, patents, plant variety protection, licensing, naming of 

varieties, and germplasm exchange. These responsibilities will now be taken over by the 

new CEO, Dr. Russell Rasmussen. 

The RES Breeding Team is assisted by five Breeding Assistants, one Lab Technician, 

and seasonal crews for planting and harvest. The Breeding Nursery Manager and Rice 

Pathologist positions remain vacant. 

 

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 that are commercially 

competitive in the world market. Rice breeding research priorities at RES can be divided 

into two main categories: (a) breeding for rice varieties for California and its markets, 

which is the main emphasis, and (b) breeding for specialty rice, which requires a more 
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grain-specific and quality-specific endeavor. The major breeding objectives of the RES 

Rice Breeding Program are discussed below. 

 

High and Stable Yield Potential Across the State 

Grain yield is a complex trait controlled by several genes and is highly affected by 

environment. It is likewise dependent on several agronomic traits of rice. To meet the 

demand for high-yielding rice varieties without compromising the high quality of rice, 

special emphasis is given to select breeding lines with ideal plant types such as semi-

dwarf height, upright long flag leaf, long panicle length with uniform grain maturity, and 

strong culm to support the heavy panicle heads. To ensure the stability and wide 

adaptability of materials to be released as varieties, preliminary and advanced lines are 

evaluated at RES and in replicated statewide yield trials. Advanced promising lines are 

repeatedly entered in the multi-year, multi-location yield trials for adaptability across the 

rice growing areas in California to evaluate their performance across locations and 

seasons. In addition to grain yield, materials at the statewide yield testing stage are also 

evaluated for cold-induced blanking and lodging to get a more detailed assessment of 

materials in specific growing areas. 

 

Superior Grain Quality and Milling Yield 

Grain quality is also a complex trait and is dependent on many factors. To ensure high 

grain quality of rice varieties developed and released by RES, lines are evaluated for 

desirable grain attributes as early as the F2 generation—the second generation of plants 

produced after crossing. Grain size, shape, length, width, and chalkiness are assessed 

during winter and only lines that conform to the criteria set forth for specific grain types 

are advanced to the next generation. Strong emphasis is given to milling yield as this 

directly translates to the profitability of growers. Consumer acceptability, in terms of 

cooking and taste parameters, is closely monitored. Advanced lines that pass the taste and 

cooking tests are advanced as promising lines. 

To assist the breeders in identification and selection for grain qualities, DNA markers 

are employed whenever possible. In the long grain project, markers are used to predict 

the amylose content, gelatinization temperature, and Rapid Visco Analyzer (RVA) 

profiles of long grain materials. Wet chemistry evaluations are also performed to 

determine the percent apparent amylose content and RVA profiles of the samples. For 

long grain aromatic rice, lines are evaluated for aroma using potassium hydroxide 

solution or by using DNA markers developed for the BADH gene for the early generation 

selection.  

 

Cold Tolerance and Seedling Vigor 

Cold tolerance and seedling vigor are both complex traits that can affect rice yield in 

California. These traits are controlled by several genes and highly affected by 

environment. As such, incorporating these traits in California rice is a very difficult 

process. Cold stress affects the spikelet fertility and ultimately grain filling. Rice seedling 

vigor, on the other hand, affects seedling establishment and its competitive growth 

against some weeds that may sometimes be left uncontrolled in the field. Lines in the 

preliminary and advanced yield trials, as well as segregating lines, are evaluated for cold 

tolerance and seedling vigor to assess their adaptability and yield stability across the 

state. As early as two weeks after planting, the seedling stand and density of each line is 
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evaluated through a numerical scale. Cold tolerance profiles are examined by planting 

breeding materials in refrigerated greenhouses as well as locations in the San Joaquin 

valley and Hawaii Winter Nursery. Improved varieties that show normal vegetative 

growth, minimum delay in maturity, and resistance to panicle blanking are considered 

cold-tolerant. 

 

Early Maturity and Strong Culm 

Rice production in California starts early in May as temperatures become favorable to 

rice cultivation. Short-duration or early-maturing rice varieties allow rice growers to 

harvest their crop early, thus escaping from occasional rainfall in the fall. Short-duration 

varieties likewise reduce water usage associated with growing rice. For all grain types of 

rice, efforts are continued to select for synchronous flowering for the different maturity 

groups, with emphasis on uniform flowering in the very-early- to early-maturing 

improved varieties. Moreover, breeding lines with strong culm or stems are being 

selected for lodging resistance as lodging affects the grain quality of the harvest.  

 

Disease Resistance 

Despite the absence of major disease outbreak in California, the breeding program 

continues its effort to incorporate disease resistance to improve varieties for blast, stem 

rot, and aggregate sheath spot resistance. Blast disease is observed occasionally in 

California when the environmental conditions allow. The breeding program is continuing 

to stack blast resistance genes against several blast pathogen races into California 

varieties to prepare for possible future disease infestation. The program actively uses 

DNA markers to select breeding materials with multiple blast-resistant genes, thereby 

minimizing the laborious greenhouse and growth chamber evaluation. 

Stem rot has been the most prominent disease in California, but breeding for stem rot 

resistance is painstakingly slow, especially in the medium grains. We are attempting to 

transfer stem rot resistance from the long grain germplasm into medium grain varieties 

and are also evaluating other sources of resistance. Greenhouse and field evaluations for 

stem rot are conducted in advanced breeding lines and segregating populations to 

determine their resistance profiles.  

 

Herbicide Tolerance 

The breeding work for herbicide tolerance builds on the discovery of mutant M-206 

lines that tolerate oxyfluorfen. The RES has partnered with Albaugh LLC to pursue 

registration and commercialization of ALB2023 and ALB2024 (oxyfluorfen) for weed 

control known as ROXY® Rice Production System.  

The herbicide tolerance trait has been incorporated into the crossing program since 

2015, leading to the development of 17Y3000 and 19Y4000, considered to be the first 

products of the herbicide-tolerant breeding work. Breeding for herbicide tolerance is now 

an integral component of the medium grain breeding project. 
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NURSERIES 

 

The RES breeding program nurseries are established in three locations: (a) RES 

facility in Biggs, CA, (b) Hawaii Winter Nursery for generation advance in Lihue, HI, 

and (c) San Joaquin Cold-Tolerance Nursery for cold-induced blanking and screening. 

RES Breeding nurseries are composed of the following breeding materials: transplanted 

F1 rows; dry-seeded F2 populations; water-seeded F3, F4, and advanced progeny rows; 

water-seeded preliminary yield tests (10′ × 10′ plots) and advanced yield tests (10′ × 20′ 

plots). Milling plots and cooking strips (variable plot size) are also planted at RES for 

specific milling and cooking evaluation tests. RES is also a location for all maturity 

groups of the UCCE Statewide Yield Tests (10′ × 20′ plots). Head rows for preliminary 

and foundation seed production are managed by the RES Rice Breeding Program. 

Table 1 summarizes the breeding nursery composition of RES for 2020. Based on 

grain type, the breeding efforts are allocated to approximately 50% medium grains, 25% 

short grains, and 25% long grains. Based on market class, the program is broken down 

roughly to 50% conventional and 50% specialty type. A total of 977 crosses were made 

in 2020, bringing the overall total of crosses made since 1969 to 52,416. To accelerate the 

breeding process, controlled crosses are made in the greenhouse in early spring and 

summer of each year. The F1 seeds made from early spring are grown in RES F1 nursery 

while the F1 seeds made during summer are planted in the Hawaii Winter Nursery. The 

combined F2 populations generated from 2020 F1 nurseries in RES and Hawaii will be 

planted for evaluation and advancement in RES and San Joaquin nurseries in 2021. 

 

Table 1. Composition of 2020 breeding nurseries by grain type 
Breeding 

Project 

Type F1  

Popn 

F2 

Popn 

F3-F7 

Lines 

PY 

 lines 

AY 

lines 

SW 

lines 

Medium grain Regular 165 60 9,348 459 115 36  
Premium 39 19 2,785 113 42 17  
ROXY 156 14 3495 27 70 15 

Short grain Conventional 101 129 1,577 23 48 1  
Low amylose 10 21 728 0 5 1  
Arborio 27 11 255 0 3 2  
Waxy 42 15 2,426 18 49 2  
Premium 126 78 2,384 24 45 2  
ROXY 18 2 87 0 0 0 

Long Conventional 172 93 3,716 14 100 8  
Aromatic 31 18 872 0 2 0  
Jasmine type 40 27 1,168 5 13 2  
Basmati type 33 48 1,015 4 9 0  
ROXY 17 13 1,812 0 0 0 

Total 
 

977 548 31,668 687 501 86 

Popn = Population; PY = Preliminary yield test; AY = Advanced yield test; SW = Statewide test 

 

The Sacramento Valley received low rainfall at the beginning of 2020. In January, 

there was 1.14 inches of rain, which increased a little bit in March (1.57 inches) and April 

(1.68 inches), then tapered off to 0.32 inches in May. Due to favorable conditions, the 

RES planting was almost two weeks earlier than last year. Drill-seeding of the F2 

populations was done on April 22 and 23. Drill-seeding of seed maintenance, MYs, and 
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MYPs were done on May 6 and 7. Drill-seeding of training population was done on May 

9. Water-seeding of progeny rows, disease nursery, PYs, AYs, ROXY, and other 

breeding lines started on May 4 and was completed by May 13. 

A total of 501 entries were evaluated in the advanced yield (AY) tests and 687 entries 

were tested in the preliminary yield (PY) tests. The breeding nursery included 31,668 

water-seeded pedigree rows, 548 drill-seeded F2 population at the RES location, and 

12,000 drill-seeded seed maintenance rows.  

The San Joaquin Cold-Tolerance Nursery, Hawaii Winter Nursery, and two 

refrigerated greenhouses at RES remain an essential part of the selection environment for 

blanking resistance. The Hawaii Winter Nursery allows the advancement of breeding 

material and screening for cold tolerance during the winter to expedite variety 

development. The Hawaii Winter Nursery is a valuable breeding tool and has been a 

successful and integral part of the RES Rice Breeding Program since 1970. 

Due to the pandemic situation, the 2020 Hawaii Winter Nursery was planted by the 

local crew without the presence of any employee from RES. Seeds and layout were sent 

and planting was supervised through live call. The 2020-21 winter nursery consists of 

4,440 regular F2 rows (including checks) of 772 F2 population (five rows for each 

population) and 578 transplanted F1 rows (excluding checks). The F2 rows were dry-

seeded on October 13, 2020, while the F1 seeds were seeded in pots on October 12 and 

70% of seedlings were transplanted on November 10, 2020. The rest of the seedlings 

were transplanted on November 17. Selection and harvesting will be done in the Hawaii 

Winter Nursery in March 2021. The harvested seeds will be returned for processing and 

planting in the 2021 RES breeding nursery.  

The San Joaquin Cold-Tolerance Nursery was planted in cooperation with a local rice 

grower. The three-acre drill-seeded nursery included 3,840 rows, 423 F2 plots and 29 

ROXY F3 plots. Weed control was good and plants had a good stand establishment. 

Minor cold-induced blanking was observed in the rows and in the F2 populations. 

All the PYs, AYs, and statewide germplasms were experimented and screened in the 

refrigerated greenhouses. Temperature of the greenhouse was maintained at 90-100°F 

during the day and 65-75°F during the night with natural radiation from the sun 

penetrating through the glass for seedling establishment and normal growth. The 

nighttime temperature was reduced to 50-55°F prior to microsporogenesis stage of the 

earliest plants to enhance cold-induced blanking. Overall, blanking in the greenhouse was 

high and generated ideas about advanced germplasms that may have potential for 

blanking resistance due to low nighttime temperature. 

  



13 
 

MEDIUM GRAINS BREEDING 
Virgilio C. Andaya 

 

The Medium Grains Breeding Project develops outstanding regular and premium 

quality Calrose-type rice varieties adapted to the rice growing areas in California with 

high and stable grain and milling yields and excellent eating and cooking qualities. Huge 

emphasis is given into selecting materials with high seedling vigor, improved cold-

tolerance, and excellent grain quality attributes sought by the rice market. Disease 

resistance is also a major breeding focus particularly for stem rot and rice blast disease. 

Directed breeding for tolerance to the herbicide oxyfluorfen, which started in 2014 as a 

special project, has recently produced promising advanced lines that have undergone 

yield testing in the UCCE Statewide Test. Development of medium grain varieties with 

oxyfluorfen herbicide resistance is now an integral part of the medium grains breeding 

project. 

The project employs both traditional (pedigree method) and molecular (marker-

assisted selection) breeding methods. DNA markers such as microsatellite and SNP 

markers are routinely and effectively used in marker-assisted selection (MAS) for blast 

resistance, grain quality, and herbicide resistance. These markers are also used for 

fingerprinting and purity testing of breeding materials at various stages of development. 

 

M-211, a Premium Calrose, Approved for Release in 2020 

M-211 is the newest medium grain variety and first to be classified as a premium 

Calrose. This variety is not categorized as an M-401-type medium grain, which still has 

an important niche market, although the cooking and taste quality attributes are close 

based on external evaluation. M-211 has an excellent yield potential with outstanding 

grain characteristics and cooking quality superior to current Calrose medium grain 

varieties. Originally designated as 12Y2175, M-211 included notable premium varieties 

in its pedigree such as M-401, M-203, and Kirara397; high yielding rice varieties M-205 

and M-206; and Kokuhorose (one of the 87P1309 parents). It is semi-dwarf, early-

maturing to intermediate, glabrous, and has a larger grain size compared to regular 

Calrose varieties. Its area of adaptation is similar to M-205 and M-209 and is adapted in 

warm rice growing areas of the Sacramento Valley. Caution should be observed if this 

variety is considered in colder rice environments. M-211 has no blast resistance gene and 

therefore is susceptible to rice blast disease. M-211, a premium medium grain variety, 

was evaluated by mills and marketing organizations for its cooking qualities and 

consistently received high overall acceptability for the rice market. The detailed release 

information can be found in the 2019 Rice Breeding Progress Report. 

The agronomic and yield performance of M-211, as a new check variety in the UCCE 

2020 Statewide Test, showed its superiority over other medium grain check varieties, 

particularly M-209 and M-206. For more information on the UCCE Statewide tests, see 

the Agronomy Progress Reports. 

Table 2 summarizes the agronomic performance of M-211 across all locations in the 

UCCE Statewide Test in 2020. Table 3 summarizes the overall grain yield of M-211 

compared to M-209 and M-206 using the average of 4 to 6 years of data in all statewide 

locations. M-211 out yielded M-206 by 14% in Biggs (RES) in 2020 and registered an 

overall yield advantage of 12-15% using polled data from 4-6 years of tests. Compared to 

M-209, M-211 out yielded M-209 at RES by 1-3% in 2020 and 5-9% overall average 

https://www.crrf.org/linked/2019annualreport.pdf
http://rice.ucanr.edu/Reports-Publications/Agronomy_Papers
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across years. The South Yolo site, considered the coldest environment, was not planted in 

2020 and the overall yield of M-211 dropped by 2% and 7% over M-209 and M-206, 

respectively. Plotting the grain yield of M-211, M-206, and M-209 over average grain 

yield of all checks measured for each statewide location (environmental index) using 

multiple years of data (Figure 1), data shows that M-211 performs best under high-

yielding, favorable environments as in Butte, but poorly in colder rice growing areas such 

as South Yolo. 

 

Table 2. Average agronomic performance of M-211 in all locations of the UCCE 

Statewide Test in 2020 

Location/ 

County 

Seedling 

Vigor 

(1-5) 

Days to 

Heading 

Lodging 

(%) 

Plant 

Height 

(cm) 

Moisture 

Content at 

Harvest 

(%) 

Grain 

Yield 

(lb/acre) 

%Yield 

Advantage of M-

211 over   
M-209 M-206 

Butte 4.8 93 1 106 23 10,570 2% 10% 

Yolo 4.8 96 3 107 20 10,110 1% 6% 

South Butte 4.8 95 33 103 22 9,910 3% 4% 

Biggs 4.9 84 0 102 16 9,980 5% 14% 

Sutter 4.8 88 0 90 18 9,430 5% 1% 

Colusa 4.8 93 94 99 16 8,760 -3% -1% 

Glenn 4.8 96 45 96 17 8,660 -9% -9% 

Yuba 4.8 100 76 104 18 8,580 12% 8% 

Average 4.8 93 31 101 19 9,500 2% 4% 

 

Table 3. Overall average grain yield of M-211, M-209, and M-206 across locations and 

years in UCCE Statewide Tests 

Location/County 
Years of 

Testing 
M-211 M-209 M-206 

%Yield 

Advantage 

of M-211 

over M-209 

%Yield 

Advantage 

of M-211 

over M-206 

Biggs, RES VE 4 10,510 9,740 9,110 8% 15% 

Biggs, RES IL 5 10,800 9,860 9,460 9% 14% 

Biggs, RES E 6 10,640 10,090 9,500 5% 12% 

Butte 6 9,950 9,290 9,430 7% 6% 

Sutter 4 9,910 9,050 9,260 9% 7% 

Butte IL 5 9,720 9,160 9,600 6% 1% 

Yolo 4 9,720 9,510 9,370 2% 4% 

Colusa 6 9,600 9,240 9,080 4% 6% 

Glenn 5 8,920 9,110 8,550 -2% 4% 

Yuba 6 8,870 8,510 8,810 4% 1% 

South Yolo 4 7,380 7,550 7,890 -2% -7% 

GRAND 

MEAN 
 9637 9192 9095 5% 6% 
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Figure 1. Plot of grain yield of M-211, M-206, and M-209 against environmental index 

for yield across all locations in UCCE Statewide Tests using 2015 to 2020 data 

 

Milling attributes, particularly total and head rice percentage across harvest 

moistures, is an especially important consideration in releasing a new medium grain 

variety. M-211 was originally selected as an M-401 alternative for the premium medium 

grain market though its grain size is slightly smaller. Sensory quality evaluation of 

cooked rice through internal and external evaluation also revealed that the quality 

characteristics of M-211 are superior to regular Calrose varieties, thus M-211 was instead 

recommended as a Premium Calrose. Although its cooking and taste qualities are 

outstanding, M-211 milling characteristics are not at par compared with better milling 

rice varieties like M-206 but far better than M-401 in terms of milling and appearance of 

the grains. 

 Figure 2 plots the milling performance of M-211, M-209, and M-206 in 2020 and 

combined data from 2017 to 2020. All the milling data were taken from RES milling 

plots where milling samples were taken at harvest moistures from 27% down to 15%. 

Harvest samples were taken twice a week, dried, and milled after a month. Results 

showed that M-206 (red) remained an excellent miller across harvest moisture compared 

to M-209 (green) and M-211 (blue), with M-211 being more sensitive in terms of 

harvesting moisture requirement especially below 20%. Premium rice varieties are 

usually harvested around 22% moisture or higher as it also affects overall taste quality. 

Given the low milling characteristics at low harvest moistures, it is essential that M-211 

should be harvested at higher moistures like any other premium rice.  

External quality evaluation was continued in 2020 by giving samples to long-time 

evaluators of premium rice. Some of the comments received about M-211 compared to 

commercial premium rice include: “The grains are perfectly uniform and beautiful, could 
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not find any broken grain pieces, which is important because that affects the cooked 

produce”; “Cooked rice is [polished], glossy like pearl and appetizing. It has a decent 

flavor of cooked rice and tastes a subtle sweetness”; “After 4-5 hours [after finishing] 

cooking, it still maintains the same quality. Reheating in the microwave oven, it tastes 

same as freshly cooked one. This is great because we often reheat the cold cooked rice”; 

“I do not hesitate to say that new crop Calrose is comparable, if not better, to the 

highest graded fine rice produced in Japan”. 

 

 
Figure 2. Milling Performance of M-211, M-209, and M-206 in 2020 and combined 

2017-2020 data at RES  

 

Performance of Medium Grain Varieties 

The RES-released medium grain varieties M-105, M-206, M-209, M-210, and M-211 

are being used as check varieties in the 10′ × 10′ preliminary yield test (PY), 10′ × 20′ 

advanced yield test (AY), and preliminary and advanced statewide tests at RES and in all 

the remaining UCCE statewide locations. The data generated is particularly essential in 

determining the performance of these varieties in a particular year across the rice growing 

environment in California. 

Table 4 summarizes the overall agronomic attributes and grain yield of the check 

varieties in 2020. Experiments were planted earlier in 2020 compared to 2019, which 

may explain the better average yields of the check varieties statewide plus the fact that 

the cold location in South Yolo was planted. M-206 and M-210 averaged 9,050 and 9,080 

lb/acre, respectively. M-210, which is the only blast resistant variety in commercial 

production that had similar agronomic characteristics as M-206, should be a good 

alternative in areas with blast disease problems. The very-early-maturing variety, M-105, 

slightly dropped 1.7% in grain yield compared to 2019. Heading date was registered at 84 

days, which is only one day earlier than M-206 and M-210. M-209 yielded 9,380 lb/acre 

while M-211 got the highest yield among the medium grain checks with 9,600 lb/acre, an 

increase of 2.9% over 2019. 

The grain characteristics and milling performance of the medium grain check 

varieties are presented in Table 5. The newly released variety, M-211, has the biggest and 

heaviest kernels among the medium grains but also has slightly higher amounts of 

chalkiness in the milled grains. The Head (%) of M-211 is also lower (61/72, head/total) 

compared to M-206 (65/72) and M-105, which consistently has the best head/total score 
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of 69/73. These results show that M-211 and M-209 are not recommended to be 

harvested at low moistures because of the tendency to break. 

In 2020, there have also been reports of overall lower milling yields and head rice 

recovery compared to 2019. This is perhaps due to the weather conditions during the 

growing cycle. 

 

Table 4. Average grain yield and agronomic characteristics of medium grain check 

varieties in all statewide tests in 2020 

Variety 

 Grain 

Yield 

(lb/acre, 

14%MC) 

%Yield 

Advantage 

over 2019 

Harvest 

MC (%) 

Seedling 

Vigor 

Days to 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

M-105  9,170 -1.7% 17.3 4.83 84 96 38 

M-206  9,050 0.8% 18.3 4.80 85 98 33 

M-209  9,380 4.2% 18.3 4.83 91 99 24 

M-210  9,080 0.4% 17.9 4.82 85 99 27 

M-211  9,600 2.9% 18.2 4.82 91 101 25 

 

Table 5. Grain attributes of medium grain check varieties M-105, M-206, M-209, M-210, 

and M-211 in 2020 

Trait M-105 M-206 M-209 M-210 M-211 

Grain characteristics           

Paddy Rice        

 Length (mm) 7.8 7.8 8.1 8.0 8.0 

 Width (mm) 3.2 3.3 3.3 3.3 3.5 

 1000-grain weight (g) 28.4 30.0 32.4 32.2 33.6 

Brown Rice        

 Length (mm) 6.0 6.0 6.3 6.2 6.2 

 Width (mm) 2.7 2.8 2.8 2.8 2.9 

 1000-grain weight (g) 22.5 23.7 25.6 24.7 26.3 

Milled Rice        

 Length (mm) 5.6 5.5 5.8 5.8 5.7 

 Width (mm) 2.6 2.6 2.6 2.7 2.8 

 Length/Width Ratio 2.2 2.1 2.2 2.2 2.1 

 1000-grain weight (g) 19.9 21.1 22.7 22.2 23.5 

 %Chalky Kernels 0.8 1.4 1.9 0.2 3.3 

 %Chalk Area 2.7 4.9 5.2 2.3 8.1 

Milling performance        

 Harvest MC (%) 18.6 18.3 18.9 17.8 18.7 

 Head(%) 69 65 59 66 61 

 Total(%) 73 72 72 70 72 

 

Promising Medium Grain Advanced Lines in Yield Tests 

The medium grains breeding project tested a combined total of 885 test entries, 

excluding the checks, in preliminary (PY, 599 entries), advanced (AY, 159 entries), 

ROXY Advanced (AYROX, 59 entries), and statewide (SW, 68 entries) yield tests. The 

advanced rice materials were composed of regular and premium medium grains, blast and 

stem rot resistant lines, specialty-type fragrant medium grains, herbicide-resistant ROXY 
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lines, and combinations of traits (i.e., herbicide + blast resistant, etc.). All the yield 

entries were evaluated for superiority over the check varieties with regards to grain yield, 

milling and quality attributes, tolerance to cold and disease, and overall agronomic 

performance. Entries are discarded, retained, or promoted to more advanced test and 

quality evaluation. Exceptional materials are further purified in panicle-to-a-row head 

rows and grown in a larger area for cooking samples and external quality evaluation. 

Recommendation for Foundation Seed increase and release after entries performed 

consistently over years of testing. 

Tables 35 to 43 summarize the results of the two-rep preliminary, and two-rep and 

four-rep advanced statewide tests of all entries at RES Biggs location. Three promising 

entries are highlighted in Table 6, which summarizes the average grain yield and 

agronomic characteristics of disease resistant lines in the two-rep advanced statewide 

tests. M-210 blast resistant checks registered an overall grain yield of 9,080 lbs./acre, 

significantly out yielded by 18Y3018 and 19Y3088 with grain yields of 9,370 and 9,670 

lbs./acre, respectively. These two entries matured four days later than M-210, but with 

better lodging resistance. A stem rot resistant line, 19Y3035, registered grain yield at 

9,540 lbs./acre. All three selections may be entered in four-rep advanced statewide tests 

in 2021 pending further grain quality and cooking evaluation. 

 

Table 6. Average grain yield and agronomic characteristics of promising disease resistant 

medium grain lines in all locations of two-rep advanced statewide tests in 2020 

Entry 
 

Type 

Grain Yield 

(lb/acre, 14%MC) 

Harvest 

MC (%) 
SV ‡ 

Heading (d) 

§ 

 Lodging 

% 

Height 

(cm) 

18Y3018 MB z5,b 9,370 19.7 4.7 89 19 101 

19Y3035 MSR 9,540 17.3 4.8 85 26 101 

19Y3088 MB b 9,670 18.3 4.8 90 15 99 

M-210 M 9,080 17.9 4.8 85 27 99 

† M = Medium grain, MB z5,b = Medium grain with blast resistance gene Piz5 and Pib, MB b = Medium grain with blast resistance 

gene Pib, MSR=medium grain with stem rot resistance.  
‡SV = Seedling Vigor 

 

Since 2014, the medium grains project started making initial crosses of the newly 

discovered herbicide-tolerant M-206 mutant to oxyfluorfen (ROXY rice). As of 2020, a 

total of 514 crosses have been made with the M-206 oxyfluorfen-resistant mutant since 

2014, which accounts for 15% of the 2,875 total crosses made during that time. A total of 

sixteen herbicide-tolerant medium grains were included in the statewide test in 2020. 

Two advanced lines that underwent expedited selection, 17Y3000 and 19Y4000, were 

tested in the 2020 four-rep advanced statewide test. Table 7 summarizes the agronomic 

and grain quality attributes of 17Y3000 and 19Y4000 compared to M-206. M-206 

registered an average grain yield of 9,050 lbs./acre compared to 8,980 and 8,8910 

lbs./acre for 17Y3000 and 19Y4000, respectively. The agronomic attributes of the three 

are remarkably similar. For grain attributes, 19Y4000 is better in terms of chalkiness and 

overall grain appearance. It has bigger and heavier grains compared to M-206, with 

similar, if not better, milling characteristics. Cooking evaluation also revealed better 

sensory scores of 19Y4000. 19Y4000 also had an added bonus over 17Y3000 of being 

resistant to rice blast disease. It will be recommended to the Board of Directors for 

Foundation seed production in 2021. 
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Table 7. Agronomic and grain quality attributes of M-206, 17Y3000, and 19Y4000 in 

2020 

Trait M-206 17Y3000 19Y4000 

Agronomic attributes (SW)       

 Seedling Vigor 4.80 4.84 4.85 

 Days to Heading 85 85 85 

 Plant Height (cm) 98 99 98 

 Lodging (%) 33 34 36 

 Harvest Moisture (%) 18.3 17.9 17.8 

 Grain Yield (lb/acre) 9,050 8,980 8,910 

Grain characteristics    
Paddy Rice    
 Length (mm) 7.8 7.9 7.9 

 Width (mm) 3.3 3.3 3.3 

 1000-grain weight (g) 30.0 30.4 30.7 

Brown Rice    
 Length (mm) 6.0 6.1 6.1 

 Width (mm) 2.8 2.8 2.8 

 1000-grain weight (g) 23.7 24.0 24.1 

Milled Rice    
 Length (mm) 5.5 5.7 5.7 

 Width (mm) 2.6 2.7 2.7 

 Length/Width Ratio 2.1 2.1 2.2 

 1000-grain weight (g) 21.1 21.6 21.8 

 %Chalky Kernels 1.4 1.6 1.3 

 %Chalk Area 4.9 6.1 3.6 

Milling performance    
 Harvest MC (%) 18.3 19.9 19.0 

 Head(%) 65.4 65.5 66.8 

 Total(%) 71.8 72.8 72.9 

 

In breeding for herbicide tolerance, it is essential that breeding materials be tested 

under herbicide treatment for grain yield and agronomic performance. While the 

statewide yield test evaluates the yield potential under regular weed control conditions, it 

is not enough to evaluate the same tolerant lines under oxyfluorfen application. A four-

rep advanced yield test at RES was conducted to test the performance of these lines, 

using 17Y3000 and 19Y4000 as resistant checks and M-206, M-209, and M-211 as 

susceptible checks. Herbicide application was at a 2x rate. Table 8 summarizes the 

average grain yield and agronomic performance of promising herbicide-resistant medium 

grains. The susceptible checks M-206, M-209, and M-211 registered the lowest yields in 

the test. Entry 20Y158 grain yield was the highest at 9,990 lbs./acre compared to 

17Y3000 and 19Y4000 at 9,040 and 8,600 lbs./acre, respectively. Top yielders in the test 

will be entered in the 2021 Statewide Test pending grain quality evaluation. 
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Table 8. Average grain yield and agronomic characteristics of promising herbicide 

resistant medium grains in advanced yield test under herbicide application at RES in 

2020 

ID 

Grain 

Yield 

(lb/acre, 

14%MC) 

Harvest 

MC (%) 

Height 

(cm) 
SV ‡ 

Heading 

(d) § 

 Lodging 

% 

%Blanking, 

SJ 

20Y158 9,990 22.7 103 4.8 96 0 3.3 

20Y4039 9,820 19.5 99 4.9 88 25 1.0 

19Y4028 9,780 20.0 100 4.9 89 6 1.0 

20Y4052 9,520 23.0 106 4.9 93 0 2.0 

20Y149 9,520 20.5 102 4.9 89 3 2.0 

20Y4069 9,460 23.2 104 4.9 95 13 1.0 

20Y4059 9,450 22.0 102 4.8 96 0 3.3 

19Y4048 9,440 20.1 106 4.9 88 43 1.7 

20Y153 9,190 19.8 99 4.8 88 26 1.0 

17Y3000 9,040 22.0 104 4.9 88 43 2.0 

19Y4000 8,600 21.3 106 4.9 88 40 1.0 

M-209 6,090 22.9 105 1.9 93 0 2.0 

M-211 5,710 24.0 107 1.9 96 3 2.3 

M-206 5,550 24.7 100 1.9 93 0 1.0 

‡ SV = seedling vigor score, where 1 = poor and 5 = excellent. 
§ Number of days to 50% heading.  
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LONG GRAINS BREEDING 
Shyamal K Talukder 

 

The long grain breeding program continues its effort in 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. The conventional 

long grain rice attributes in the US are 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 characterized by low amylose, 

low gel type, fragrant rice that has been derived from a tall and highly photoperiod 

sensitive Thai Jasmine variety, Khao Dawk Mali (KDM). Through mutation breeding 

efforts, non-photoperiod KDM mutants have been identified, isolated, and used in the 

breeding program. 

For the regular aromatic long grains, a considerable number of aromatic lines are 

being generated from populations geared toward 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. Despite grain and cooking quality approaching 

those of imported Basmati, breeding for Basmati-type varieties with improved yield and 

better agronomic attributes remains a great challenge. 

 Milling and cooking quality improvements for conventional and specialty long grain 

remains the priority long grain breeding objective, while concurrently improving yield 

potential and agronomic performance, and introducing important traits like resistance to 

disease and cold-induced blanking. 

 

Performance of Long Grain Varieties and Promising Entries in Yield Tests 

Test materials in the 2020 Statewide Tests were compared to the long grain check 

varieties L-207, L-208, Calaroma-201, and A-202 for grain yield and agronomic 

performance. Milling characteristics, grain quality, blanking, and disease reaction of 

these checks were also analyzed. L-207 is a conventional long grain variety released in 

2016 with higher yields, intermediate height, early-maturing date, and Southern US long 

grain cooking quality. L-207 is adapted to most rice-growing areas in the state except the 

cold area of San Joaquin. Physicochemical testing of L-207 by the USDA Rice Quality 

Lab confirms its similarity to Southern long grains with intermediate amylose, 

intermediate gel type, and moderate RVA profile. L-208 is the newest conventional long 

grain and was released in 2020. Agronomic characteristics, adaptation, milling, and 

cooking qualities of L-208 are similar to L-207. 

Calaroma-201 is a Jasmine-type long grain which has an aroma similar to typical 

aromatic long grain, but the taste characteristics are closer to the Thai Jasmine quality. 

Calaroma-201 has similar adaptability to L-207 and should be avoided in colder growing 

locations. It has low gel type and thus cooks softer than a typical long grain.  

A-202 is a conventional aromatic variety that was released in 2014 as a replacement 

for A-301. A-202 heads nine days earlier than A-301, is taller, and has a significantly 
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higher seedling vigor score, but still has the same flavor sensory profile as A-301. Milled 

kernels of A-202 are slightly bolder than A-301, with apparent amylose content, 

gelatinization temperature type, and RVA profile that is typical of conventional long-

grain types like L-206 and L-207. Areas of adaptation for A-202 include Butte, Colusa, 

Yuba, Glenn, and Sutter counties. A-202 is not recommended to be grown in the colder 

rice areas. 

The average grain yield and agronomic performance of L-207, L-208, CJ-201, and 

A-202 at the 2020 statewide locations is summarized in Table 9. Based on pooled 

averages of very-early, early, and intermediate-late group statewide experiments, L-208, 

L-207, and Calaroma-201 had higher yield at RES compared to other statewide locations. 

A-202 had higher yield in other statewide locations than RES. The average yields, 

expressed as RES/statewide in lbs./acre, were 10,733/10,553 for L-208; 10,300/10,216 

for L-207; 9,943/9,716 for Calaroma-201; and 8,893/9,146 for A-202 (Table 9). The new 

variety, L-208, had around 3% higher yield than L-207 in 2020. The variety performed 

better and had higher yield in eight out of ten statewide experiments except for Yuba and 

Sutter counties (Figure 3). L-208 was 97.3 cm tall, 7 cm shorter than L-207. L-208 

headed around 80 days, two days earlier than L-207. The average head rice of L-208 was 

63.3% with a range of 57-66% at various harvest moistures, which was 2% higher than 

L-207. The average head rice yield of L-207 was 61.4% with a range of 58 to 64% at 

various harvest moistures (Figure 4 and Table 10). Calaroma-201 was 95 cm tall and 

headed around 85 days. A-202 was 100 cm tall and headed around 84 days. Percent head 

rice of Calaroma-201 and A-202 was 63.1 and 60.1%, respectively (Table 10). None of 

the varieties had lodging at RES location except very low lodging (5.4%) in L-208 with 

higher-than-average plant height situation. 

 

Promising Long Grain Lines 

There are four lines (19Y1071, 19Y1008, 18Y1024, 17Y1087) in the 2020 statewide 

yield trial that show promise for future release (Table 9). Advanced line 19Y1071 is a 

Jasmine-type long grain placed in statewide trial for the first time this year. The line was 

planted in three locations and outperformed Calaroma-201 for yield by 4.8%. Average 

RES and statewide yield of 19Y1071 was 10,760 and 9,870 lbs./acre, and Calaroma-201 

yield was 9,943 and 9,716 lbs./acre, respectively. The line grew 104 cm tall and 50% 

headed in 87 days, which was 10 cm taller and a day later than Calaroma-201. Despite 

being taller, 19Y1071 did not earn higher lodging scores in RES experiments. 

19Y1008, another 2020 statewide newcomer, is a regular long grain and was planted 

in four statewide locations. The line had an average yield of 9,320 lbs./acre in RES and 

10,460 lbs./acre statewide. In statewide experiments, the line outperformed L-207 (10216 

lbs./acre) by 2.4%. 19Y1008 was 101 cm tall, 4 cm shorter than L-207. The line headed 

in 83 days which is comparable to L-207. 

18Y1024 is a regular long grain promising line planted in statewide trials for the 

second time this year. The average yields of the line in RES and statewide experiments 

were 8,030 and 10,030 lb/acre respectively. The line did not outperform the regular long 

grain checks, but it headed three days earlier than L-207 and the same as L-208. Average 

plant height of the line was 81 cm, which was 15 and 23 cm shorter than L-208 and 

L-207, respectively. Thus, 18Y1024 is an interesting promising line for further use and 

potential release. 
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17Y1087 is another regular long grain promising line which has stem rot resistance 

background in the pedigree. It showed a moderate stem rot resistance score of 3.5 with 

reasonably good yield. The average yield of the line in RES and statewide experiments 

was 10,046 and 9,777 lbs./acre, respectively. The line grew 97 cm tall and headed in 82 

days. Being a line with a stem rot resistance background, this might be a promising 

candidate for future work and release. 

 

Table 9. Average grain yield and agronomic characteristics of long grain check varieties 

and promising lines in the statewide (yield) and RES location in 2020 

Varieties 20ID 

Yield (lb/acre, 

14%MC) Seedling 
Vigor 

Days to 
Heading 

Plant 

Height 

(cm) 

Lodgin
g (%) 

Blanking 
SJ (%) 

Blanking 
GH (%) 

Stem 

rot 

Score RES SW 

Very early experiment 

L-208 L 10690 10340 4.9 81 98 0 4.0 20.1 3.8 

L-207 L 10130 10380 4.9 83 107 0 3.3 11.7 3.5 

Calaroma-

201 
LJ 9770 9580 4.9 85 95 0 6.5 65.0 3.5 

A-202 LA 8780 9140 4.7 84 101 0 8.8 84.7 3.8 

Early experiment 

L-208 L 10870 10980 4.8 80 99 16 4.0 20.1 3.8 

L-207 L 10260 10320 4.9 83 103 0 3.3 11.7 3.5 

Calaroma-

201 
LJ 9780 10150 5.0 86 91 0 6.5 65.0 3.5 

A-202 LA 9490 9740 4.9 84 105 0 5.8 84.7 2.8 

Intermediate-late experiment 

L-208 L 10640 10340 4.9 78 95 0 4.0 20.1 3.8 

L-207 L 10510 9950 4.9 81 104 0 3.3 11.7 3.5 

Calaroma-

201 
LJ 10280 9420 5.0 85 93 0 6.5 65.0 3.5 

A-202 LA 8410 8560 4.8 84 95 0 1.3 84.7 4.0 

Average 

L-208 L 10733 10553 4.9 79.6 97.3 5.4 4.0 20.1 3.8 

L-207 L 10300 10216 4.9 82.2 104.4 0.0 3.3 11.7 3.5 

Calaroma-

201 
LJ 9943 9716 5.0 85.1 92.8 0.0 6.5 65.0 3.5 

A-202 LA 8893 9146 4.8 83.8 100.2 0.0 5.3 84.7 3.5 

Promising lines 

19Y1071 LJ 10760 9870 4.8 86.5 104.0 0.0 7.5 80 3.8 

19Y1008 L 9320 10460 4.8 82.8 100.5 0.0 3 76.3 3.0 

18Y1024 L 8030 10030 4.7 79.5 81.5 0.0 4.3 23.8 3.8 

17Y1087 LSR 10046 9776 4.9 81.6 96.5 0.0 4 8.8 3.5 

† L=long grain, LA=Aromatic long grain, LJ=Jasmine-type long grain, LSR = Stem rot resistant long grain 
 

Table 10. Average milling characteristics of long grain check varieties in 2020 

Variety 
% Chalky 

Kernel 

% 

Chalk 
area 

Width 

(mm) 

Length 

(mm) 
Area 

Length/ 

Width Ratio 

1000 

MGWT 
(g) 

%Head 

rice 
%Total rice 

A-202 6.2 15.5 2.2 7.1 11.6 3.3 21.5 60.1 68.1 

Calaroma-

201 
0.6 3.8 2.0 7.0 10.5 3.6 19.4 63.1 68.6 

L-207 2.8 10.7 2.0 7.3 11.1 3.7 20.3 61.4 68.8 

L-208 0.5 4.6 1.9 7.1 10.5 3.7 19.5 63.3 69.1 

† MGWT- milled grain weight 
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Figure 3. Yield performance of L-208 and L-207 at various statewide locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Percent head rice of L-208 and L-207 long grain rice at various harvest 

moistures 

 

Genomic Selection for Next Generation Breeding 

 Almost all the national and international rice breeding programs still use conventional 

breeding methods. The pedigree method, which involves visual selection for several 

generations, requires much effort and time. With the advancement in rice molecular 

genetics and genomics, marker-assisted selection (MAS) has been implemented in plant 

breeding programs as a faster alternative to the pedigree method. However, the overall 

efficiency of MAS to enhance breeding methods is still limited due to the small number 

of useable markers and the polygenic nature of most traits, which needs to be improved. 
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 A new approach called genomic selection (GS) has shown enormous potential to 

enhance breeding efficiency by increasing the gain per selection per unit time. In this 

approach, instead of a few tagged markers, genome-wide DNA markers are utilized to 

predict the most valuable lines in a breeding program to use as parents for next 

generation offspring, as well as in selection of offspring for quick advancement. By using 

genome-wide DNA markers, the GS model can avoid ascertainment bias and information 

loss compared to MAS. Integrating GS in the RES rice breeding program will not only 

enhance the breeding efficiency, but also enhance genetic knowledge of California rice 

for continued efforts of varietal improvement.  

In 2018 a training population was developed by analyzing the variability of all the 

advanced lines from the previous five years. The training population was made up of 360 

lines, which included 210 medium grains, 64 long grains, 73 short grains, and 13 

compound grain types. All the released varieties from the RES were included in the 

population, thus the training population is expected to capture most of the diversity of the 

RES breeding program. 

In 2020, a drill-seeded field plot experiment was conducted using the training 

population. Yield, as well as other agronomic traits (i.e., seedling vigor, plant height, 

heading, lodging, and blanking data) were taken from the experiment trial. Milling data 

were also taken from an experiment planted in rows. PCA analysis using the yield and 

agronomic data indicated good diversity in the population. There was high variability in 

all the measured traits among the lines (Table 11). Average yield in the drill-seeded plot 

experiment was 10,672 lbs./acre and ranged between 5,523 to 13,680 lbs./acre, thus 

showing large diversity in the population. Heritability of the measured traits were 

reasonably good (0.68-0.97), thus showing good predictability for all traits except 

seedling vigor (0.37). Percent head rice data was taken from the drill-seeded row 

experiment, which ranged between 20.4-71.1% with average head rice yield of 61.43%. 

Heritability of percent head rice was calculated as 0.4 with experimental CV of 12.33. All 

the samples used for measuring head rice were harvested when the grain moisture was 

low. Average harvest moisture of the experiment was 16.8%. All the agronomic and 

milling data were normally distributed. Data ranges and distribution showed reasonably 

good diversity and fit for prediction and association study for RES breeding program. 

 

Table 11. Average, range, and heritability of the yield and agronomic traits of the training 

population in drill-seeded experiments 
 

Sources 
Seedling 

vigor 

Heading 

(days) 
Plant height (cm) 

Lodging 

(%) 
Yield (lb/acre) Head rice (%) 

Average 4.7 90.5 105.2 9.4 10,672 61.4 

Minimum 3.8 78 80 0 5,523 20.4 

Maximum 5 105 165 100 13,680 71.1 

Heritability 0.37 0.88 0.88 0.97 0.68 0.4 

CV 5.64 5.41 8.63 215 12.54 12.3 
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SHORT GRAINS BREEDING 
Teresa B. De Leon 

 

 The primary objective of the short grain project is development of short grain rice 

varieties with high and stable yield potential coupled with excellent overall grain qualities 

according to its market class. Additional traits such as very-early- to early-maturing rice, 

strong culm for lodging resistance, cold tolerance to reduce panicle blanking, disease 

resistance, and environmental stress resilience are being incorporated to all short grains in 

the pipeline. Under the umbrella of the short grain project, efforts are divided to 

development of conventional or regular short grain rice (S), premium quality short grain 

rice (SPQ), short grain waxy or sweet rice (SWX), short grain low amylose (SLA), and 

Arborio type or short bold grain rice (SBG). Every year, the breeding lines in the early 

and advanced yield trials are evaluated for grain yield and agronomic traits, milling and 

cooking qualities, panicle blanking due to cool night temperature, lodging, and stem rot 

resistance. Early materials such as F1 populations are generated in early spring and 

summer. F2 populations are drill-seeded in Biggs and in San Joaquin for cold tolerance 

evaluations. From each F2 population, panicles are hand-picked based on flowering and 

maturity class, plant type, panicle blanking resistance, brown rice fissure resistance, and 

grain types. Selected F2:3 to F6 panicles are water-seeded in 4′ progeny rows. Entries in 

the Preliminary Yield Trial (PYT) and Advanced Yield Trial (AYT) are planted in 

10′ × 10′ and 10′ × 20′ plots. Promising lines based on yield and grain qualities in the 

AYT at RES are selected and entered in the Statewide Yield Trial conducted by UCCE. 

 In 2020, the overall breeding effort of the short grain project was divided to 34% 

SPQ, 30% SWX, 23% S, 9% SLA, and 4% SBG (Table 12). This year, a total of 360 

cross combinations were made. Sixty-five lines were evaluated in PYT, 154 lines in 

AYT, and 8 lines in statewide yield tests. Details of grain types and entries in each 

generation are presented in Table 12. 

 

Table 12. Composition of short grain project in 2020 

Type Crosses F1 F2 F3 F4 F5 PYT AYT SWT Total* 
% SG 

Project 

S 103 101 107 1265 265 47 23 52 1 1964 23 

SPQ 195 126 90 2113 173 98 22 45 2 2864 34 

SWX 31 42 14 1880 253 293 18 49 2 2582 30 

SLA 15 10 24 628 56 44  5 1 783 9 

SBG 16 27 18 241 8 6  3 2 321 4 

Total# 360 306 253 6127 755 488 63 154 8 8514 100 
*total by grain type, #total by generation 

 

Performance of Short Grain Varieties in all Locations of Statewide Yield Tests 

Commercially grown short grain varieties are used as checks or benchmarks for trait 

improvements in selection and advancement of experimental lines. Current short grain 

check varieties are S-102 and S-202 for S varieties; Calhikari-202 (CH-202) for SPQ; 

Calmochi-101 (CM-101) and Calmochi-203 (CM-203) for SWX; Calamylow-201 for 

SLA; and 89Y235 for SBG. S-102 is a regular short grain variety released in 1996. It is a 

very-early-maturing variety with large kernel, pubescent, and has good cold tolerance. 

S-202 is another regular short grain variety more recently used as a check variety. It is an 

early-maturing, very-high-yielding variety with glabrous paddy grains released in 2019. 
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Compared to S-102, S-202 has better milling yield, less chalky grains, lower amylose, 

and higher protein content. For SPQ, CH-202 is the latest premium-quality check 

released in 2012. It is a semi-dwarf, early-maturing, high-quality short grain with 

excellent cooking and taste qualities. CM-101 is a very-early-maturing waxy rice with 

desirable grain qualities. CM-203 is the most recent waxy rice released in 2015. It is 

early-maturing and very-high-yielding compared to CM-101. CA-201 was released in 

2006. It is an induced mutant of CH-201 with apparent amylose content of 7%. 89Y235 

is a germplasm released in 1993 as an Arborio type of rice. It has unique bold grains with 

chalk in the middle of the rice kernel. CA-201 and 89Y235 were not included in the 

UCCE Statewide Test but were planted at RES in 2020 as SLA and SBG check varieties.  

The average grain yields and agronomic performance of the short grain checks in the 

2020 Statewide Yield Tests are presented in Table 13. Averages are based on pooled 

results of six statewide locations and three RES maturity group experiments. The grain 

yield of S-202 was the highest at 9922 lbs./acre followed by CM-203 at 9804 lbs./acre. 

89Y235 and CA-201 had the lowest yields at 7318 lbs./acre and 7330 lbs./acre, 

respectively. S-102 had an average yield of 8332 lbs./acre, CH-202 had 8032 lbs./acre, 

and CM-101 with 7858 lbs./acre. All short grain checks are considered semi-dwarf 

varieties with plant height that ranged from 91 to 101 cm stand. 

Based on our data, plant height and lodging scores are not correlated, indicating that 

shorter plants are not necessarily lodging-tolerant or taller plants are not necessarily 

lodging-prone. CH-202, the shortest check variety with an average height of 91 cm, had 

the highest lodging at 84%. The S-202 plots lodged by 60% and CM-203 lodged by 44%. 

Based on yields and plant heights among short grain checks, lodging may be attributed to 

heavy panicles (high yields) or other environmental factors. 

Flowering time for check varieties falls within expected days to 50% heading. The 

89Y235 had the earliest flowering time at 76 days after planting. S-102 and CM-101 are 

very-early varieties and flowered at 82 days on average. S-202 flowered 85 days after 

planting while CM-203 and CH-202 flowered at 86 days. All short grain check varieties 

are cold-tolerant as reflected in their panicle blanking scores in San Joaquin Cold-

Tolerance Nursery. Moreover, all short grain checks are either susceptible (S-102, 

CM-203, CM-101) or having moderate resistance (S-202, CH-202) to stem rot disease.  

 

Table 13. Overall grain yield and agronomic characteristics of short grain check 

varieties in all locations of UCCE and RES Statewide Yield Tests in 2020 

20ID Type† 

Grain 

Yield 

(lb/acre, 

14%MC) 

Harvest 

MC 

(%) 

Seedling 

Vigor 

Days to 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Panicle 

blanking 

(%) at 

SJ 

Stem 

rot 

Rxn 

S-202 S 9922 15 4.8 85 92 60 1 MR 

S-102 S 8332 14 4.8 82 95 44 1 S 

CH-202 SPQ 8032 16 4.8 86 91 84 1 MR 

CM-203 SWX 9804 17 4.9 86 101 44 1 S 

CM-101 SWX 7858 14 4.8 82 93 58 0 S 

CA-201* SLA 7330 9 4.9 80 94 45 2 HS 

89Y235* SBG 7318 10 4.9 76 93 35 2 n/a 
*data from RES only, † S = Short grain, SBG = Arborio-type short grain, SLA = Low amylose short grain, SPQ=premium quality 

short grain, SWX = Waxy short grain, SJ = San Joaquin, n/a = data not available, MR = moderate resistance, S = Susceptible, HS = 

highly susceptible 
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In cooperation with Dr. Bruce Linquist of UCCE, the statewide yield experiments are 

divided into three zones to evaluate variety adaptation. Variety trials in Zone 1 are 

located in Colusa and Glenn counties, which represent early-planting warm 

environments. Zone 2 experiments are in two locations of Butte County and represent 

later-planting warm environments. Zone 3 experiments are in Yuba, Yolo, and Sutter 

counties, which represent cooler environments. Three experiments were planted at RES 

representing very-early, early, and intermediate-late planting. Based on the three zones 

and the RES experiments, S-202 and CM-203 have wide adaptation with their highest 

yield potentials in Zone 2. CM-101 has stable but low grain yields across all zones. S-102 

is also adapted in all locations, with better yield in Zone 2. Calhikari-202 is best suited in 

cooler environments (Zone 3) and has lowest yield or adaptation in the early warm 

environments of Colusa and Glenn counties (Zone 1). Data are summarized in Figure 5. 

Grain yields were averaged per zone for each check variety to show variety adaptation by 

location. 
 

 
Figure 5. Average yield potentials of short grain check varieties by zone and at RES in 

2020 

 

Promising Conventional Short Grains (S)  

The conventional or regular short grain rice is characterized by non-aromatic, non-

waxy endosperm with L/W ratio less than 2 mm and apparent amylose content of 14% to 

18%. S-202 was released as an early-maturing, very-high-yielding regular short grain in 

2019. It consistently outperforms S-102 in all experiments at all locations (Table 13, 

Figure 5). S-202 has an average yield of 10147 lbs./acre at RES and 9922 lbs./acre in all 

statewide locations. One conventional short grain, designated 18Y117, was entered in the 

advanced statewide yield trials in 2020. Similar to S-202, 18Y117 also outperformed 

S-102 in all RES experiments. Grain yield of 18Y117 at RES is 9820 lbs./acre compared 

to 10147 lbs./acre for S-202 (Table 14). However, across all statewide locations, average 

yield of 18Y117 is 9924 lbs./acre compared to 9922 lbs./acre of S-202 (Figure 6). The 

statewide average yield of S-202 and 18Y117 are not significantly different. However, 
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18Y117 has a better adaptation than S-202 in the early warm environment of Glenn and 

Colusa counties (Zone 1). In these locations, S-202 had an average yield of 8800 lbs./acre 

while 18Y117 had 9,725 lbs./acre. Moreover, 18Y117 showed better yield than S-202 in 

Yuba. Overall, 18Y117 has wider adaptation than S-202, thus offering a better choice for 

planting in Yuba, Colusa, and Glenn counties. Other agronomic traits of 18Y117 indicate 

that it has similar seedling vigor and cold tolerance to S-202 but flowered one day later. 

On average, 18Y117 is 4 cm taller than S-202 and more lodging resistant (3% compared 

to 18% lodging). Similar to S-102, 18Y117 is also susceptible to stem rot.  

 

 
Figure 6. Mean yield performance of S-202, S-102, and 18Y117 at RES and across 

locations of statewide yield tests in 2020 

 

In addition to 18Y117, seven more conventional short grain lines in the advanced 

yield trial were identified as promising lines. These lines, summarized in Table 14, have 

0-18% lodging potential despite having grain yields that ranged from 10,200 lbs./acre to 

10,700 lbs./acre. Other agronomic traits of the seven lines are all positive and do not 

deviate far from S-202. 
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Table 14. Comparison of yields and agronomic characteristics of promising conventional 

short grain in UCCE Statewide Tests and advanced yield trials at RES in 2020 

20ID 

Grain 

Yield 

(lb/acre, 

14%MC) 

Harvest 

MC (%) 

Seedling 

Vigor 

Days to 

50% 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Panicle 

blanking 

(%) at SJ 

Stem rot 

Rxn 

S-202 10147 13 4.8 78 90 18 1 MR 

18Y117 9820 14 4.8 79 94 3 1 S 

S-102 8063 11 4.9 75 92 0 1 S 

Promising AYT entries, RES         

20Y2128 10753 11.0 4.8 78 97 0 1.3 S 

20Y2114 10533 16.2 4.9 83 100 0 3.3 HS 

18Y2060 10337 11.2 4.8 82 99 0 2.7 S 

19Y2006 10335 13.7 4.9 81 102 0 1.7 S 

19Y2049 10248 10.4 4.9 78 99 0 2.7 S 

20Y2150 10248 11.3 4.8 77 90 5 1.0 S 

20Y2102 10235 12.2 4.8 79 95 18 3.0 HS 

MR = moderate resistance, S = Susceptible, HS = highly susceptible 

 

PROMISING SPECIALTY SHORT GRAINS 

 

Premium Short Grain Rice (SPQ) 

 This year, 34% of the breeding lines under the short grain project are for SPQ variety 

development. Significant effort is given to evaluate the grain, cooking and taste qualities 

of SPQ breeding lines. The S21 Grain Analyzer and Satake Taste Analyzer are included 

for improved and unbiased evaluations of short grains in addition to actual cooking and 

taste evaluations of all advanced breeding lines. For SPQ, the benchmark for quality 

comparison is Koshihikari, which was developed and released in Japan in 1956. It has 

high tolerance to cold stress during the booting stage and has excellent cooking and 

eating qualities to Japanese palate. For California rice growers, Calhikari-202 (CH-202) 

is the latest SPQ rice variety. CH-202 is genetically derived from Koshihikari and has 

similar cooking and taste qualities to Koshihikari. However, like Koshihikari, CH-202 

has high lodging potential and relatively lower yield compared to other more recent short 

grain varieties.  

 Based on grain yield and grain qualities for SPQ market, one line designated 

17Y2087 is very promising and has consistently yielded higher than CH-202 since 2018 

(Table 15). In 2020, 17Y2087 had an average yield of 9448 lbs./acre compared to 7982 

lbs./acre for CH-202. In all statewide locations, 17Y2087 significantly outperformed 

CH-202, with its highest yield recorded in Yolo at 10265 lbs./acre. Furthermore, in Glenn 

and Colusa, where CH-202 has very poor adaptation, 17Y2087 offers an additional 23 

sacks of yield/acre or 35% yield advantage over CH-202 (Figure 7). Across the statewide 

yield trials, mean agronomic attributes of 17Y2087 showed better seedling vigor and 

lower lodging potential compared to CH-202 (1% vs 55% of CH-202). 17Y2087 flowers 

one day later and is 1 cm taller than CH-202, but with cold tolerance and stem rot 

resistance similar to CH-202 (Table 16). 

In 2020 advanced yield trial at RES, five more lines are very promising (Table 16). 

These lines (20Y2112, 20Y2042, 20Y2034, 20Y2015, 20Y2084) had an average yield 

that ranged from 10036 to 10763 lbs./acre. Seedling vigor for these lines are equal or 
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better than CH-202, with excellent lodging resistance (0% lodging in all four reps of the 

advanced yield trial). While these lines are very promising, further evaluations for grain 

and cooking taste qualities are needed for these lines to qualify for the statewide yield 

trial in 2021. 

 

Table 15. Mean yield performance of 17Y2087 and CH-202 in UCCE Statewide Yield 

Trials including RES statewide experiments from 2018-2020 

YEAR ID 
Grain Yield (lb/acre, 

14%MC) 

Yield Advantage over 

CH-202 

2018 CH-202 8293   

  17Y2087 8944 8% 

2019 CH-202 7522   

  17Y2087 8920 19% 

2020 CH-202 7982   

  17Y2087 9448 18% 

 

 

 
Figure 7. Mean yield performance of Calhikari-202 and 17Y2087 at RES and across 

locations of statewide yield tests in 2020 

 

 

Table 16. Promising premium short grain in UCCE Statewide Yield Tests and in 

advanced yield trial at RES in 2020 

20ID 

Grain Yield 

(lb/acre, 

14%MC) 

Harvest 

MC (%) 

Seedling 

Vigor 

Days to 

50% 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Panicle 

blanking 

(%) at SJ 

Stem rot 

Rxn 

CH-202 8777 13 4.8 81 90 55 0.5 MR 

17Y2087 9841 14 4.9 82 91 1 0.5 MR 

Promising AYT entries, RES         

20Y2112 10763 11.8 5.0 86 105 0 3.7 HS 

20Y2042 10273 14.0 4.9 85 92 0 2.7 HS 

20Y2034 10127 13.3 4.9 82 105 0 1.3 S 

20Y2015 10094 16.1 4.8 84 99 0 2.3 S 

20Y2084 10036 13.9 5.0 84 97 0 2.3 HS 

MR = moderate resistance, S = Susceptible, HS = highly susceptible 
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Two-year data of milling yields harvested at different moisture contents indicated that 

17Y2087 on average had 65/72 (head/total) milling yield at 19% moisture content while 

CH-202 had an average of 64/71 milling yield. A scatter plot of head rice against 

different moisture contents shows a very close milling yield profile of CH-202 and 

17Y2087. However, 17Y2087 showed slightly better head rice when harvested at 17% 

moisture. Detailed milling yields at different moisture contents during harvest are 

presented in Table 17 and Figure 8. Data were taken from milling plots of CH-202 and 

17Y2087 in 2019 and 2020 at RES. 

 

Table 17. Milling yields of CH-202 and 17Y2087 at 15% to 23 % moisture content. Data 

were taken from milling plots in 2019 to 2020 

Year ID 
%MC at 

Harvest 
% Head Rice %Total 

2019 CH-202 23 67 71 

  CH-202 20 64 71 

  CH-202 15 63 72 

  CH-202 17 65 73 

2020 CH-202 17 62 71 

  CH-202 18 63 71 

  CH-202 19 64 70 

  CH-202 20 68 73 

2019 17Y2087 23 68 72 

  17Y2087 19 65 72 

  17Y2087 17 64 73 

  17Y2087 15 58 72 

2020 17Y2087 17 67 73 

  17Y2087 18 66 72 

  17Y2087 20 65 72 

  17Y2087 23 69 73 

2-YR Mean CH-202 19 64 71 

  17Y2087 19 65 72 

 

 

 
Figure 8. Comparison of % head rice of CH-202 and 17Y2087 harvested at different % 

moisture contents at RES in 2019-2020 
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Further comparison of grain traits indicated that 17Y2087 grains are slightly longer 

by 0.05 mm and heavier compared to CH-202 grains (Table 18). The grain chalkiness is 

much less in 17Y2087 at 3.41% compared to 7.86% in CH-202. Lower protein content is 

associated to better taste in rice while high amylose content is associated with firmer and 

drier cooked rice. The amylose and protein contents of 17Y2087 and CH-202 are 

marginally very close, although 17Y2087 showed lower values. However, using the 

Satake Taste Analyzer, CH-202 scored 83, 17Y2087 scored 77, and commercially 

available Koshihikari scored 78 (data not shown). In terms of cooking or RVA properties, 

17Y2087 requires lower temperature to cook (88oC vs 90oC). It has higher water holding 

capacity (134 cP vs 124 cP) and is more viscous than CH-202 as indicated by their peaks 

and final viscosity. Grain dimensions and RVA properties of CH-202 and 17Y2087 are 

summarized in Table 18. Data were taken from rice samples harvested from milling plots 

at RES in 2020. Rice samples of 17Y2087 were sent to rice marketing companies for 

external blind evaluations. To date, Japanese evaluators have indicated the very close 

proximity of 17Y2087 to the excellent cooking and taste qualities of Koshihikari as well 

as its suitability to the premium quality rice market. Further head row purification and 

experimental seed increase for 17Y2087 is being proposed for future release of this high-

yielding premium quality short grain.  

 

Table 18. Grain characteristics and cooking (RVA) properties of CH-202 and 17Y2087 

Parameters  CH-202 17Y2087 

Length (mm) 4.55 4.6 

Width (mm) 2.69 2.67 

LW Ratio 1.7 1.73 

Chalk (%) 7.86 3.41 

1000-grain Weight (g)  17.3 17.9 

Apparent Amylose Content (%) 16.3 15.4 

Protein (%) 5.9 5.8 

Satake Taste Value 83 77 

Pasting Temp (oC) 90 88 

Peak (cP) 253 283 

Trough (cP) 124 134 

Breakdown (cP) 130 148 

Final Viscosity (cP) 222 247 

Setback (cP) -31 -36 

 

Waxy Short Grains 

Sweet or waxy rice is characterized by its stickiness, softness, and sweetness. 

Compared to all other types of rice, waxy rice has high amylopectin content and very low 

amylose content under 5%. The Calmochi-101 (CM-101) and Calmochi-203 (CM-203) 

are commercially grown waxy rice varieties in California. For this reason, these two 

varieties are used as checks in all comparison and selection for the next sweet rice 

variety. The CM-203 continues to outperform CM-101 with an average statewide yield of 

9723 lbs./acre. Two entries for SWX, 18Y2016 and 18Y2012 were entered in the very-

early preliminary statewide yield trials. These advanced waxy lines were planted in RES, 
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and statewide locations in Sutter, Yuba, and Yolo counties. Results of the four-location 

experiments indicated that these lines are no better than CM-203 based on yield 

performance. In the advanced yield trail at RES, the average yield of CM-203 was 9450 

lbs./acre for this year. Using the 9450 lbs./acre cutoff value for yield comparison, at least 

nine promising lines in the advanced yield trial had an average yield of more than 9500 

lbs./acre. Five of the nine lines showed 0% lodging potential. Additionally, one 

promising line, designated as 19Y2023 with mean yield of 9854 lbs./acre, flowered very 

early at 77 days after planting. Table 19 summarizes the yield and agronomic 

characteristics of the promising SWX lines. 

 

Table 19. Promising short waxy grains in UCCE Statewide Tests and in Advanced Yield 

Trial at RES in 2020 

20ID 

Grain 

Yield 

(lb/acre, 

14%MC) 

Harvest 

MC (%) 

Seedling 

Vigor 

Days to 

50% 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Panicle 

blanking 

(%) at 

SJ 

Stem rot 

Rxn 

CM-101 7963 14 4.9 83 91 46 0.3 S 

CM-203 9723 18 4.9 86 99 41 1.0 S 

18Y2012 8983 17 4.8 90 98 31 2.3 MR 

18Y2016 9070 18 4.7 90 94 39 1.3 HS 

Promising AYT entries         

CM-203 9450 12 5.0 79 99 9 2 S 

19Y2046 9955 14.3 5.0 83 105 7 1.3 MR 

19Y2023 9854 11.3 4.8 77 97 40 3.3 S 

20Y2038 9842 11.6 4.9 81 97 17 1.0 HS 

19Y2027 9837 9.6 4.9 80 105 0 2.3 MR 

20Y2103 9764 13.3 4.9 82 96 0 2.7 HS 

20Y2039 9543 13.7 4.8 81 97 0 2.3 S 

20Y2124 9534 13.4 4.7 79 102 23 4.7 S 

18Y2018 9526 12.9 4.9 83 93 0 1.0 HS 

20Y2152 9524 11.1 4.7 81 102 0 3.3 S 
MR = moderate resistance, S = Susceptible, HS = highly susceptible 

 

Low Amylose Short Grains (SLA) and Arborio-Type (SBG) 

Low amylose short grain rice is ideal for bento box rice as it stays soft and tastes good 

even after a period of refrigerated storage. The cooked rice is shiny, creamy, but less 

sticky compared to waxy rice. The uncooked rice is characterized by cloudy kernels with 

apparent amylose content of 7 to 10%. Since the release of Calamylow-210 or CA-201 in 

2006, RES has not released a newer SLA variety. Moreover, foundation seed production 

of CA-201 ended in 2015. Despite of the SLA market uncertainty, the breeding effort to 

develop high-yielding SLA lines continues at a small scale. For SLA comparison, CA-

201 was planted at RES but not in the statewide tests. In 2020, one promising line 

designated as 16Y2028 was entered in all locations of the statewide advanced 

experiments (137LA2). CA-201 had a mean yield of 7330 lbs./acre while 16Y2028 had 

an average statewide grain yield of 9414 lbs./acre. Compared to CA-201, 16Y2028 offers 

a yield advantage of 29%. However, 16Y2028 flowers seven days later than CA-201. It is 

also taller and has lower lodging resistance compared to CA-201. Based on chemical 

digestion and spectrophotometric analysis of rice flours, 16Y2028 has 6% apparent 
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amylose content while CA-201 has 7%. Additionally, four more promising SLA lines had 

grain yields more than 9000 lbs./acre in the advanced yield trials at RES. One line 

designated as 20Y2130 showed relatively low seedling vigor but was very high-yielding 

at 10405 lbs./acre. All four lines are more lodging resistant than CA-201 and 16Y2028. 

The grain yields and agronomic characteristics of promising low amylose short grains are 

summarized in Table 20.  

 

Table 20. Promising short grain low amylose line in UCCE Statewide Tests and in 

Advanced Yield Trials at RES 2020 

20ID 

Grain 

Yield 

(lb/acre, 

14%MC) 

Harvest 

MC (%) 

Seedling 

Vigor 

Days to 

50% 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Panicle 

blanking 

(%) at 

SJ 

Stem rot 

Rxn 

CA-201* 7330 9 4.9 80 94 45 2 HS 

16Y2028 9419 16 4.8 87 102 62 2 S 

Promising AYT entries         

20Y2130 10405 11.6 4.6 80 100 10 1.7 S 

20Y2107 9783 13.5 4.8 83 103 0 2.3 HS 

20Y2106 9133 12.0 4.8 83 93 0 2.3 MR 

20Y2088 9081 12.3 4.8 84 90 0 1.0 S 

*data taken from RES yield plots, MR = moderate resistance, S = Susceptible, HS = highly susceptible 

 

 Despite the small niche market and the uncertainty of acreage for Arborio rice 

production in California, the breeding effort to develop and release a high-yielding 

Arborio type continues at small scale. For comparison, 89Y235 is used as check although 

this line was only planted at RES and was not entered in the statewide yield trials. The 

89Y235 is a very-early-flowering rice with grain yield of 7318 lb/acre. It has high 

seedling vigor, lodges by 35%, is cold-tolerant and susceptible to stem rot. In the 

statewide experiments, two entries for SBG were entered in the preliminary yield trials. 

The 18Y2069 was evaluated in the early preliminary experiments planted in Butte A, 

Butte B, and RES locations. By contrast, 18Y2070 was entered in the very-early 

statewide experiments and planted in Sutter, Yuba, Yolo, and RES. Compared to 

89Y235, 18Y2069 and18Y2070 have higher yield potentials. However, both promising 

lines flowered later than 89Y235 by 12-13 days. Between the two promising lines in the 

statewide trials, 18Y2070 is a better choice with grain yield of 9050 lbs./acre. It is 6 cm 

taller than 89Y235 but more lodging resistant. Moreover, 18Y2070 has moderate 

resistance to stem rot compared to 89Y235. In the advanced yield trial at RES, 20Y2022 

showed more desirable agronomic traits and higher yield than 18Y2070. Details of grain 

yields and agronomic characteristics of promising SBG lines are summarized in Table 21.  
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Table 21 Promising Arborio type entries in UCCE Statewide Tests and in Advanced 

Yield Trials at RES 2020 

20ID 

Grain 

Yield 

(lb/acre, 

14%MC) 

Harvest 

MC (%) 

Seedling 

Vigor 

Days to 

50% 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Panicle 

blanking 

(%) at SJ 

Stem rot 

Rxn 

89Y235* 7318 10 4.9 76 93 35 2.0 S 

18Y2070 9050 18 4.7 88 99 16 7.8 MR 

18Y2069 8717 19 4.8 89 107 43 4.5 S 

Promising AYT entry,          

20Y2022 9125 13.6 4.8 82 96 0 0.7 MR 
*data taken from RES yield plots, MR = moderate resistance, S = Susceptible, HS = highly susceptible 

Disease Resistance Breeding 

The short grain project actively aims to incorporate stem rot and blast resistance for 

all short grain types. Using some medium grains carrying blast resistance (R) genes, 58 

crosses were made to transfer blast R genes from medium grains to short grains. USDA-

derived seeds such as Kamenoo and Aichi Asahi were also used to transfer additional 

blast R genes. To date, previous crosses are now in F3 generation. With the support and 

DNA marker capacity of the Genetics lab, more than 4,000 F3 individual plants from 

various short grain types were tested for the presence of blast R genes using linked 

markers to the genes. Lines containing homozygous desired blast R genes are currently 

being grown in the greenhouse and will be advanced into progeny rows in 2021. Table 22 

summarizes the list of blast resistance genes that are being transferred to all types of short 

grain.  

For stem rot disease resistance, a line designated as 14Y3143 (ID) was used in 2018 

short grain crosses involving S, SPQ, SWX, SLA, and SBG plants as female parents. 

Additional crosses were also made in 2019 and 2020 using medium and long grains that 

showed resistance to stem rot during the 2018 field evaluation. Crosses made for stem rot 

resistance will be evaluated when these lines enter the Advanced Yield Trial after being 

successfully selected for grain yield and agronomic characteristics. 

 

Table 22. Summary of crosses and blast resistance genes being introgressed to short grain 

rice 

Donor line Blast R genes (marker, DNA size)  Recipient SG type 

Number 

of 

Crosses 

Made 

18Y48 
Pi-zt (AP5930, 178bp), Pita (RM7102, 193bp), 

Pi-33 (RM331, 182bp) 
SPQ, SWX, SBG 4 

18Y150 Pi-km (RM224, 145bp) S, SPQ, SWX, SLA 5 

18Y3018  Pi-zt (AP5930, 178bp), Pib (RM208, 184bp) S, SPQ 12 

17Y3097 Pita (RM7102, 193bp) S, SPQ 6 

18Y3136 Pi-km (RM224, 145bp), Pi-33 (RM331, 182bp) S, SPQ 7 

18Y3211  Pi-km (RM224, 145bp) S, SLA 8 

18Y3212  Pita (RM7102, 193bp), Pi-33 (RM331, 182bp) S, SPQ 10 

M-210 Pib (RM208, 184bp) S, SPQ 6 

Kamenoo Pi-sh, Pi-ks S, SPQ, SWX 3 

Aichi Asahi Pi-a S, SPQ, SWX 3 
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Environmental Stress Tolerance Breeding 

On the sideline, incorporation of environmental stress resilience is also targeted to be 

included in all short grains. Before proceeding to crossing and population development, a 

good understanding of the level of stress tolerance existing in short grain varieties is 

important. In the summer of 2019, preliminary evaluations for cold, salinity, and drought 

stresses were conducted during the seedling stage. Because medium grains and long 

grains served as important resources for short grain improvements, all medium and long 

grain released varieties were also included in all tests. 

All evaluations for salinity (12-18 dSm-1) and drought stress were conducted in the 

greenhouse while seedlings for cold stress were subjected to 8-10oC using a refrigerated 

growth chamber. All plants were scored visually for degree of stress damage from 1 to 9, 

with 1 being highly tolerant, 3 as tolerant, 5 as moderately tolerant, 7 as sensitive, and 9 

as highly sensitive or dead. Some varieties showed encouraging levels of tolerance to the 

three abiotic stresses. Experiments were repeated in the summer of 2020 to confirm the 

observed reactions of all rice varieties. 

The results of the two-year evaluations were averaged and analyzed. For cold stress, 

seedling cold tolerance is ubiquitous in RES varieties, especially in short grains and 

medium grains, while long grains have moderate tolerance. For salinity stress, the 

majority of short, medium, and long grains are sensitive or highly sensitive except for 

Calhikari-201, M-105, M-207, and Calaroma-201, which showed moderate salt tolerance. 

For drought stress, CS-S4, M-103, L-202, and A-301 had good levels of drought 

tolerance (score of 3). Additionally, S-201, S6, L-204, and Calmati-201 showed moderate 

drought tolerance. The summary of two-year evaluations for cold, salinity, and drought 

stresses during seedling stage of short grains and selected medium and long grains are 

presented in Table 23. 
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Table 23. Seedling reactions of short grains and selected medium and long grains to cold, 

salinity, and drought stresses in 2019-2020 evaluations. Numbers inside the parenthesis 

are actual scores 

ID  Grain Type Cold Stressa Salinity Stressb Drought Stressc 

Calamylow-201 S MT (5) HS (8) S (7) 

Caloro S MT (4) S (6) S (6) 

Calhikari-201 S MT (5) MT (5) HS (9) 

Calhikari-202 S MT (4) HS (8) S (7) 

Calmochi-101 S T (3) S (6) S (7) 

Calmochi-201 S T (3) HS (8) S (7) 

Calmochi-202 S MT (5) S (7) S (7) 

Calmochi-203 S S (7) S (7) S (7) 

Colusa S T (3) S (7) S (6) 

CS-M3 S MT (5) S (7) S (7) 

CS-S4 S T (3) S (7) T (3) 

S-101 S MT (4) S (7) HS (8) 

S-102 S MT (4) S (7) HS (9) 

S-201 S T (3) S (6) MT (5) 

S-202 S MT (4) S (6) S (7) 

S-301 S MT (4) S (7) S (7) 

S6 S MT (5) HS (8) MT (5) 

M-103 M MT (4) HS (8) T (3) 

M-105 M MT (4) MT (5) S (7) 

M-207 M T (3) MT (5) S (7) 

A-301 L S (6) S (7) MT (4) 

Calaroma-201 L MT (5) MT (5) S (7) 

Calmati-201 L MT (5) HS (9) MT (5) 

L-202 L MT (5) S (7) T (3) 

L-204 L MT (5) HS (8) MT (5) 

Pokkali L S (7) T (4) S (7) 
T=tolerant, MT = moderately tolerant, S = Sensitive, HS = highly sensitive 
a two-week old seedlings subjected to cold stress at 8-10oC for two weeks and scored for cold injury. 
b two-week old seedlings subjected to 2-day interval gradual increasing salt stress of 6, 12, and 18 EC for two weeks and then scored. 
C two-week-old seedlings subjected to drought by withdrawing water for 1 week and then re-watered for one week before visually scored for leaf damage.  
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Stem Rot Disease Evaluation 

To support the medium, short, and long grain projects in development of rice varieties 

with stem rot resistance, rice pathology experiments were continued at limited capacity. 

As early as January and continuing until July, stem rot inoculum spores were produced 

for field evaluation of breeding lines for stem rot resistance. In 2020, a total of 2565 rows 

were inoculated and evaluated in the stem rot nursery. Out of 2565 lines, 187 are entries 

from statewide yield trials, 547 are lines from advanced yield trials, 58 are released 

varieties of RES, and 183 recombinant inbred lines for gene mapping study (SRM) of 

stem rot resistance.  

Following the 1-5 scoring system, results of stem rot evaluation indicated that stem 

rot resistance is very rare in RES breeding lines despite several years of effort to 

incorporate resistance to RES varieties. The majority of varieties and germplasms 

released by the station are susceptible or highly susceptible to stem rot. Only the check 

germplasm 87Y550 showed high resistance (scored 2.3). For short grains, S-102 and CH-

202 showed moderate resistance to stem rot. For long grains, L-201 and Calmati-201 also 

showed moderate resistance, while all medium grain varieties were susceptible or highly 

susceptible to stem rot disease. From the statewide entries, out of 187 lines, only two 

medium grain showed resistance similar to 87Y550. From AYT entries, 3 lines were 

resistant, and there were only 5 resistant lines in the mapping population (Table 24). With 

the completion of the three-year field evaluations of SRM population, further genotyping 

of the 5 resistant lines will be helpful in association and identification of DNA markers 

that will aid in future marker-assisted selection for stem rot resistance.  

In the statewide entries (Table 25), 19Y3024 and 19Y3130 had an average stem rot 

score of 2.3. 19Y3024 was originally bred to have stem rot resistance (MSR) while 

19Y3130 was bred for medium grain premium quality (MPQ) rice. Both lines are high-

yielding with grain yields not lower than 9200 lbs./acre in statewide yield trials. Two 

long grains (20Y1045 and 19Y1064) and one short grain (20Y2056) from advanced yield 

trials had high resistance to stem rot infection. 19Y1064 was originally bred to have stem 

rot resistance (LSR) while the two other lines are for regular long grain and waxy short 

grain. Grain yields of the three AYT entries are lower than L-208 or CM-203, making it 

difficult for these lines to advance for further statewide evaluations. Nevertheless, they 

may be considered as donor parents in transferring stem rot resistance to long and short 

grains.  

 

Table 24. Summary statistics of stem rot disease evaluation in 2020 

Entries 

No. of 

Lines 

Evaluated 

No. 

of 

Reps 

Total 

rows 

No. of Lines 

with High 

Resistance 

No. of Lines 

with 

Moderate 

Resistance 

Statewide Yield Entries 187 4 748 2 44 

Advanced Yield Trial Entries 547 2 1094 3 181 

Stem Rot Mapping Lines  183 3 549 5 32 

RES Released Varieties 58 3 174 1 4 

Total  975   2565 11 261 
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Table 25. Summary of lines with high resistance to stem rot disease challenge in 2020 

Entry 20ID TYPE 
Seedling 

Vigor 

Days to 

50% 

Heading 

Plant 

Height 

(cm) 

Lodging 

(%) 

Harvest 

MC 

(%) 

Grain 

Yield 

(lb/acre, 

14%MC) 

Stem 

rot 

Score 

Stem 

rot 

Rxn 

SW 19Y3024 MSR  4.9 82 100 0 16 9315 2.3 R 

SW 19Y3130 MPQ 4.8 89 97 0 22 9259 2.3 R 

AY 20Y1045 L 4.9 84 102 0 16 9127 2.5 R 

AY 19Y1064 LSR 4.9 86 96 0 14 8890 2.5 R 

AY 20Y2056 SWX 4.8 78 96 0 12 8966 2.5 R 

 

Disease Survey in 2020 Fields 

The weather in Biggs started to rise into the 80s in the last week of April to early 
May, which permitted early planting of RES breeding materials. Over the course of the 

season, there was only 0.07 inch of rain on August 16 and no precipitation until harvest 

time. However, due to wildfires, we had haze in September and October that coincided 

with grain filling towards maturity. Those hazy days likely contributed to high 

temperature and high humidity that likely favored the occurrence of few kernel smut, 

aggregate sheath spot, stem rot, and negligible leaf blast in some fields around RES. In 

general, the disease infections observed in the fields were zero to negligible. Moreover, 

no significant diseases were observed in all yield plots and surrounding rice fields of the 

six statewide locations (Sutter, Yolo, Colusa, Glenn, Butte A, Butte B) inspected during 

the breeder’s tour on September 3, 2020. Overall, the miniscule occurrence of some 

diseases observed in 2020 at RES were not significant and non-alarming. However, 

precaution and appropriate field management will still be followed. 

 

Quarantine Introductions 

In participation with the uniform regional rice nursery (URRN) of the Southern US 

rice breeding programs, the station continues to receive and provide field evaluations of 

Southern breeding materials. In 2020, 52 URRN entries were receive from the University 

of Arkansas, 27 entries from Louisiana State University, 42 entries from Mississippi State 

University, 10 entries from Texas A&M, and 14 entries from Missouri Rice Council for a 

total of 145 lines. The majority of the entries are regular or Clearfield long grains with 

few medium grains and no short grains. Immediately after receiving the entries, seeds 

were processed for brown rice protocol in the pathology lab. The seeds were grown 

aseptically in petri dishes inside the growth chamber for a week. Healthy seedlings that 

showed no disease infections were transplanted to the greenhouse. Plants were monitored 

for any disease infections until maturity. This year, 141 out of 145 URRN entries 

successfully passed the quarantine protocol. Harvested clean seeds were stored in the 

cold room for 2021 field evaluation. 
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GENETICS LABORATORY 
Cynthia B. Andaya 

 

The former DNA Marker Lab is now officially renamed “Rice Genetics Lab” to 

recognize the larger function it now plays in the research activities of the station. The 

Genetics Lab will continue the original mission of the DNA Marker Lab and will handle 

additional scientific studies that RES is interested in.  

A 2200-square-foot RES Genetics Building was built in 2019, funded by the Rice 

Research Trust to address the need for additional space to conduct the different research 

activities. All the equipment from the DNA lab was transferred to this new facility and 

supplemented with equipment purchased by the Rice Research Trust, thereby expanding 

the Rice Genetics Lab capability to tackle some molecular genetics studies. Although 

transfer started in December 2019, equipment and supplies had to be moved and arranged 

in January and February 2020 to make the lab fully functional. The Rice Genetics Lab 

became fully operational in March 2020. 

The RES Rice Genetics Lab will carry out activities in support of the station’s 

breeding projects and will lead in the implementation of special projects, if any. 

Specifically, the Genetics Lab will continue to fulfill the following roles: marker-aided 

selection (MAS) for the different projects; fingerprinting and testing the purity of 

advanced lines and RES-released rice varieties; and generating mutant populations using 

both irradiation and chemical mutagenesis. Since 2015, the lab has been actively involved 

in the herbicide resistance project led by Dr. Kent McKenzie.  

The Genetics Lab has played a prominent role in the herbicide resistance project 

(ROXY project) by not only generating rice mutant populations but also mapping and 

fine-mapping the herbicide tolerance genes and ultimately identifying the genes involved 

in the oxyfluorfen tolerance in rice, as well as developing herbicide tolerance DNA 

markers now being used in marker-aided selection work at RES to follow the herbicide 

tolerance trait in the breeding lines. 

 

Marker-Aided Selection 

Screening materials for blast resistance, grain quality, aroma, and herbicide resistance 

are common functions at the RES Genetics Lab. Most of the MAS work this year was 

done for blast resistance, aroma, and herbicide tolerance. The laboratory is capable of 

screening multiple blast-resistance genes in a single PCR reaction through multiplexing. 

The lab is still using the five microsatellite or simple sequence repeat (SSR) markers 

(Table 26) to screen for the presence or absence of specific blast resistance genes in our 

breeding lines because of the cheaper costs in generating data compared to the newer 

genotyping systems (see 2017 Annual Report) and the rapid data generation in-house for 

the plant breeders compared to the costs and logistics involved in sending samples 

externally for genotyping. 

  

https://www.crrf.org/linked/2017annualreport.pdf
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Table 26. List of DNA markers used in MAS for blast resistance 

DNA Marker Blast Resistance Genes  

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 

 

Markers for blast resistance are being used to monitor the introgression of the blast 

resistance genes into the breeding lines as they advance in the different generations 

toward variety release. About 3,960 lines were screened for the different blast resistance 

genes in the medium grain project and 4,736 in the short grain project. The materials 

evaluated are in different stages of the breeding process; in some cases, some breeding 

materials are being stacked with other traits such as herbicide resistance or aroma. Using 

DNA markers to stack traits in breeding lines is an efficient way to select for desirable 

materials to advance in the field. 

A PCR-based marker (B7-5) associated with the fragrance gene in Chromosome 8 are 

routinely used at RES to distinguish fragrant materials from non-fragrant ones to quickly 

assess huge numbers of breeding materials without the laborious potassium hydroxide 

smell test. This year, about 1,672 lines were screened for aroma in the medium grain 

project as part of Dr. Virgilio Andaya’s vision to make the California medium grain rice 

more competitive or expand consumer choices through introduction of some value-added 

traits to medium grain rice. 

Allele-specific markers developed by the Lab from its genetic and fine-mapping 

studies for oxyfluorfen tolerance are now being used for MAS in the breeding program. 

About 4,400 breeding materials comprised of early-generation, advanced ROXY lines, 

head rows, seed maintenance and progeny rows were analyzed in the Genetics lab for 

herbicide tolerance using SNPs markers. Selected materials were advanced to the next 

generation by the breeders. Materials sent by the CCRRF administration to other entities 

in relation to the chemical registration of oxyfluorfen for rice were likewise tested using 

the DNA markers to assure that the herbicide tolerance is present in these materials. 

This year, a total of 14,768 lines were screened in the Genetics Lab using DNA 

markers for the three traits considered. Table 27 summarizes the number of lines screened 

for the different traits in breeding program.  

 

Table 27. Number of lines evaluated for MAS for different 

traits 

Trait Number of Lines 

Blast Resistance 8,696 

Aroma 1,672 

Oxyfluorfen Tolerance 4,400 

TOTAL 14,768 
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DNA Fingerprinting 

A key function of the Rice Genetics Lab is to assess the identity and purity of 

varieties and lines. A marker database of all rice varieties released at RES and other rice 

variety introductions is maintained by the lab. Advanced lines are fingerprinted before 

being recommended as varieties. These new varieties are surveyed for identity against 

commercially grown varieties. DNA markers that will distinguish varieties from each 

other are added to the database since the success of DNA fingerprinting activities are 

largely dependent on the number of markers that can differentiate one variety from 

another.  

About 3,080 lines from the breeding program were assessed for purity. These lines 

were fingerprinted using 10 SSR markers in addition to MAS markers for a specific trait 

targeted. Varieties grown in large scales are also sampled yearly to examine homogeneity 

and investigate the off-types that were removed during rogueing of the fields. Purity 

assessments are being done on the foundation plots and head rows for breeder’s seed 

production. 

The Genetics Lab also received requests from different entities for identity and purity 

issues this year. Markers are employed to verify identity of materials. This year, growers 

in Glenn County reported that rice plants in the M-210 field were infected with blast 

pathogen but fingerprinting of infected leaves revealed that they are M-209 leaves and 

not M-210 as they initially thought. The infected M-209 plants growing in the M-210 

field could be a result of the overflight because the neighboring field was planted to M-

209. The variety M-209 does not have any blast resistance gene so it is understandable 

that it will succumb to blast disease if there is a high of amount of pathogen spores in the 

area and if the environment is conducive for disease development.  

Figure 9 shows the lesion profile of the susceptible variety versus resistant variety. In 

a susceptible variety (leaf 1-5), lesions will grow from the site of infection and will 

appear throughout the leaf. In a resistant variety (leaf #6), lesion is arrested at the site of 

infection and therefore does not cause a substantial yield reduction. 

 

 
Figure 9. Blast lesions in susceptible variety (leaf 1-5) and in resistant variety (leaf 6) 
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Seed-grower requests directed through Dr. McKenzie were accommodated to 

determine the identity of a variety planted in a very large acreage in the first case. In 

another case, growers wanted to confirm the identity of seeds planted because of 

suspicion of mislabeled seed lots. In both cases, growers theorize that different varieties 

were planted or sold to them because their planted seeds headed differently from their 

expected maturity profile. Fingerprint work in the Genetics Lab was able to ascertain the 

varieties planted in their fields. 

 Off-types growing in an aromatic rice field were also submitted to the Genetics Lab 

to determine whether the off-types observed by this grower are due to outcrossing in seed 

source or contamination issues in the field itself. DNA results revealed that the off-type 

plants are not due to seed source outcrossing but rather caused by field contamination of 

a variety that is not RES-bred. The DNA profile of the off-types does not resemble the 

profile of any RES variety.  

A farmer’s request made through Mr. Dana Dickey was also accepted to answer the 

farmer’s question of seeding two varieties in the same field a week apart. What variety 

would survive at the end of the season? According to their observation, this practice 

increased their yield considerably than just seeding one variety. Leaf samples from 

different areas in their field were sampled and were analyzed in the lab. Fingerprint 

results reveal that the variety that stayed at the end of the season is the variety that was 

first seeded. The second variety seeded was not detected, implying that it did not 

contribute to the yield increase they observed. 

 

Herbicide Tolerance  

The Rice Experiment Station embarked on a special project through the leadership of 

Dr. Kent McKenzie to develop rice lines that are resistant or tolerant to various 

herbicides. The main goal was to find herbicide resistant or tolerant rice from materials 

generated either by gamma radiation or by EMS mutagenesis. An oxyfluorfen tolerant 

mutant rice was isolated from EMS-treated M-206 in 2014. Thereafter, the lab performed 

mapping and fine-mapping to study the genetics of the oxyfluorfen resistance and 

ultimately identify the genes responsible for the resistance phenotype. Our research in the 

last six years, using a multi-pronged approach, reveals that the oxyfluorfen resistance in 

our mutant rice resides in Chromosome 5 and is not due to a mutation in the 

protoporphyrinogen oxidase (PPO) or protox gene. The PPO enzyme is a chloroplast and 

mitochondrial enzyme responsible for chlorophyll cell membrane destruction. Since our 

mutants are not in the PPO gene, the mechanism of resistance in our rice mutants are 

therefore novel from those of published reports.  

The RES 2019 Annual Report provides a detailed survey of our work on rice 

oxyfluorfen resistance. Based on our research, the mechanism of tolerance is unique to 

what is commonly known for oxyfluorfen resistance. We have identified three 

independent mutations in the rice UDP-Glucose pyrophosphorylase3 (UGP3; 

LOC_Os05g 39230) through sequencing of the different oxyfluorfen mutant lines. 

Through allelism tests and genetic mapping, we have identified another gene, UDP-SQ 

synthase, (SQD1; LOC_Os05g32140) that is also responsible for oxyfluorfen resistance 

in one of our mutant line. The two genes identified to be responsible for oxyfluorfen 

resistance in our rice mutants are part of the sulfolipid synthesis pathway as reported to 

that model plant Arabidopsis (Yozo Okazaki et al. Plant Cell (2009) 21:892-909). Both 

these genes occur as a single copy in the rice genome. A third gene, sulfolipid synthase 

https://www.crrf.org/linked/2019annualreport.pdf
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(SQD2), which is the last enzyme in the pathway, could also affect oxyfluorfen 

resistance. In rice however, this gene occurs in three copies residing in different 

chromosomal locations. We have not yet isolated any mutant to this third gene and 

therefore will use a different approach to determine which mutation or mutations to this 

gene confer oxyfluorfen resistance to rice. 

All information towards the genetics of oxyfluorfen resistance and identification of 

the genes responsible for oxyfluorfen tolerance has been submitted in a patent application 

that is currently under review. The application is a continuation-in-part of US Patent 

Application No. 15/675,183 filed on August 11, 2017, which claims the benefit of 

priority from US provisional patent application Ser. No. 62/395,039 filed on September 

15, 2016. 

To support the intellectual property protection and the eventual commercialization of 

oxyfluorfen resistant rice, we used the CRISPR (clustered regularly interspaced short 

palindromic repeats) technology, a gene editing tool, to definitely prove that the gene that 

we have identified and reported indeed controls oxyfluorfen tolerance. The end-product 

of CRISPR technology is considered non-GMO and for several years now has gained 

considerable market acceptability especially in plants like apples, mushrooms, flax, etc. 

To support the patent application, the Genetics Lab initiated the CRISPR work on the 

oxyfluorfen resistance in the later part of 2018. Dr. Teresa De Leon designed guide 

RNAs and developed the gene construct to the UGP3 gene while Dr. Cynthia Andaya did 

Agrobacterium transformation of some RES varieties using this construct and performed 

tissue culture work until green plants were recovered and planted in the quarantine 

greenhouse. The tissue culture-derived plants (regenerants) were allowed to produce 

seeds and by the end of 2019, the T1 seeds from the regenerants were tested for 

oxyfluorfen resistance using the slant board assay. Resistant lines were grown to maturity 

to produce seeds and the succeeding generations were examined to confirm its resistance 

profile. 

In 2020, we further characterized the CRISPR-derived plants targeted for UGP3. 

Figure 10 shows a tray of T3 plants sprayed with 4 pints per liter oxyfluorfen two weeks 

after sowing. The UGP3 CRISPR-derived Calmochi-203 showed the same resistance 

profile as that of 17Y3000 (resistant control derived from conventional breeding), while 

the wild-type Calmochi-203 is susceptible to oxyfluorfen. The result confirms that the 

UGP3 gene we identified really controls oxyfluorfen resistance in rice. Furthermore, this 

result demonstrates that we can successfully use the CRISPR technology to generate gene 

knockouts for important traits. 
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Figure 10. Response of the CRISPR-derived lines and controls to oxyfluorfen spraying 

two weeks after sowing  

 

The success of our UGP3-targeted CRISPR research prompted us to continue 

collecting more evidentiary support for the RES patent application currently pending at 

the US Patent Office. Guide RNAs and gene constructs for SQD1 and SQD2, the other 

two genes in the sulfolipid pathway, were developed by Dr. De Leon. Three guide RNAs 

for the SQD2 gene were designed and designated as SQD2.1; SQD2.2, SQD2.3. The 

presence of this gene in three copies in the rice genome necessitates the construction of 

three different gene constructs targeted towards the three chromosomal locations. 

Throughout the year 2020, three transformations of medium grain varieties were done 

using the SQD2 constructs. Green plants from SQD2 transformations are currently 

growing in rooting media and will be soon ready for planting in the quarantine 

greenhouse. The plants will be allowed to mature, and the seeds will be assayed for 

oxyfluorfen resistance. Whether the seeds derived from SQD2 constructs give the same 

resistance profile as that of UGP3 CRISPR-derived lines is still unknown. Additional 

transformation experiments need to be done in 2021 for the other gene SQD1 as it is still 

at the later stage of subcloning. Since we have EMS mutants for both UGP3 and SQD1, 

the delay in the construction of SQD1 for CRISPR should not be that critical. 

 

Tissue Culture and Related Activities 

The CRISPR technology provides a lot of promise in agriculture as it provides 

researchers with an editing technique to modify plants to produce better agricultural 

products. Tissue culture however is an essential component in generating plants targeted 

for CRISPR. To be able to do CRISPR work, varieties that are amenable to tissue culture 

must be identified and/or culture conditions modified to allow callus growth and 

eventually green plant formation. Seeds from different varieties were sterilized and 

aseptically plated in Murashige and Skoog (MS) media supplemented with 2ppm 2,4-D. 

Table 28 provides the average callus induction rate of RES varieties taken in multiple 

experiments. M-211 and M-209 respond well to tissue culture giving callus induction of 

79% and 61%, respectively. M-105 has low tissue culture response compared to the other 

medium grains tested. Although CH-202 produces callus after a month in culture, the 

calli turn brown and eventually die. Modifying the culture media and culture conditions 

might be necessary to be able to target traits into a CH-202 background. 

 

Table 28. Callus Induction Rate of selected RES varieties 

Variety Callus Induction (%) 

M-105 35.84 

M-209 60.79 

M-210 54.10 

M-211 79.05 

M-402 57.63 

CH-202 40.93 

 

 With the tissue culture work operational in the Genetics lab, the breeding program 

requested the lab to regenerate germplasm and advanced lines from the year 1972 that 
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were stored in the freezer and cold storage. These materials did not germinate in the 

greenhouse where they were initially planted. A total of 150 lines were grown in half-

strength MS culture media. After green shoots and sufficient roots developed, the plants 

were passed on to the breeders for greenhouse planting. The breeders will assess these 

materials for use in their breeding program.  

Rice breeding in California has been successful through traditional pedigree breeding 

methods. Because of such success for decades, it will be unwise to shift the methods for 

breeding California rice using new emerging technologies due to potential promise. 

Branching out without abandoning the true and trusted method is the best course. The 

research team at RES in 2019 decided to pursue gene editing for other traits alongside the 

Genetics Lab’s work to provide supporting evidence for the Oxyfluorfen Resistant Rice 

Lines patent. The tissue culture aspect of CRISPR is a very labor-intensive and time-

consuming process that requires additional personnel if pursued in a full-time capacity. 

The Genetics Lab may require additional funding to continue this exploratory work. 

Table 29 provides the traits targeted, the construct name, and the varieties used in the 

transformation. Eight transformations were completed from March 2020 to July 2020. 

These materials are at different stages of tissue culture. Some materials are in the 

regeneration phase while a few are in the rooting phase. Whether useful plants will be 

derived from this experiment is still unclear. It will only be evident once the progenies of 

regenerants and later generations are examined for the different trait targeted. 

 

Table 29. Traits targeted for Exploratory Project in the Genetics Lab 

Trait Gene/Enzyme Construct 

Name 

Varieties Transformed 

Yield  Grain size 3 Gs3 M-209, M2-10, CH-202 

Herbicide resistance Phosphorinogen 

oxidase 

ppo M-209, M-211 

Herbicide resistance Acetolactase 

synthase 

ALS M-209, M-211, M-401 

Herbicide resistance Acetyl CoA 

carboxylase 

ACC M-105, M-401 

Strong culm Strong culm 2 SCM2 M-209, M-211, M-401,  

CH-202 

Abiotic Stress Tolerance hydrolase cg2 M-209, M-402 

Abiotic Stress Tolerance Zinc finger cg6 M-105, M-209, M-402 

 

Briefly, the transformation and tissue culture processes are described below. Seed 

calli from each variety are immersed in a liquid media with Agrobacterium containing the 

construct of interest for at least an hour. The calli are then dried aseptically in the laminar 

flow hood and plated in MS media with acetosyringone. Co-cultivation of the calli and 

Agrobacterium are allowed for three days under dark conditions to promote successful 

transformation process. After three days, the calli are washed with water containing the 

antibiotics carbenicillin and timentin to kill the Agrobacterium that adheres to the calli. 

Washes are done thrice for at least thirty minutes each time. The calli are dried in filter 

paper for ten minutes under the laminar flow hood and immediately plated in selection 

media. For each transformation, the calli were maintained for at least a month in callus 
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selection media (MS media with hygromycin) to select for resistant calli. Subculture of 

calli in media is done every two weeks.  

Micro-calli will appear on top of browning calli if transformation is successful. Once 

micro-calli appears, the calli are then transferred to regeneration media (MS media with 

kinetin, BAP, and NAA) to induce shoot formation. Subculturing to new regeneration is 

also done every two weeks, if able. Once green plants are about 4 inches in height, they 

are transferred to rooting with media (half-strength MS with hygromycin) for another 

round of selection. Plants that were not really transformed will turn brown and die while 

the edited plants remain green. Green plants that survived the rooting selection process 

are rescued and planted to a rooting media to induce more roots. Once sufficient roots 

and vigorous plants are observed, they are transplanted in the greenhouse where they will 

be grown to maturity and progenies evaluated under strict quarantine. 

The tissue culture component described above is very tedious, labor-intensive, and 

time-intensive and requires extra personnel if pursued seriously. Currently, the Genetics 

Lab staff are doing research when possible in addition to the DNA Marker work, which is 

the main priority. 
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SPECIAL RESEARCH PROJECT 
 

HERBICIDE TOLERANT RICE 

Kent S. McKenzie 

 

The RES Rice Breeding Program initiated a special project in 2014 to bring non-

GMO herbicide tolerant rice technology to California rice growers. ROXY® is a non-

GMO rice trait that provides tolerance to the post-patent herbicides ALB2023 and 

ALB2024 (oxyfluorfen) and has been recovered in the variety M-206, California’s most 

widely grown Calrose variety. Lines from a backcross to M-206 (17Y3000) and M-210 

(19Y4000) have been increased and purified. These tolerant rice lines have been tested in 

2017-20 University of California Yield Tests and agronomic and quality performance had 

not been significantly different from M-206. Breeders have successfully transferred the 

ROXY trait into other varieties and grain types as well.  

Six years of research across multiple locations shows that ALB2023 applied pre-plant 

in a water-seeded system provides high levels of rice weed control with a ROXY trait 

rice. It is also effective in drill-seeded rice with pre-plant and post-emergence 

applications and may have potential in other rice growing regions. The ROXY trait offers 

several very attractive features for rice weed control:  

• Pre-flooding application for early weed control 

• ALB2023 and ALB024 provide growers with a Group 14 herbicide mode of 

action and California currently has no rice weed resistance to PPO herbicides  

• Will provide growers with enhanced herbicide performance and value  

• May be an integrated management tool to address weedy red rice 

 

The trait is controlled by a single recessive gene and is a new mechanism for rice 

herbicide tolerance. Extensive research and discovery by the RES DNA Laboratory have 

been underway on the genetics and mechanism of this trait since its discovery. A 

provisional US patent for this trait was filed August 11, 2016, and the patent published 

March 15, 2018. A “Continuation in Part” was filed October 23, 2019, providing 

expanded genetic information (gene(s), mutation sequences, new data, and a biochemical 

pathway) in support of the patent application. The response from the patent office is 

expected early in 2021. 

A “shared partnership” and commercial agreement has been reached between 

Albaugh LLC and CCRRF. Submission to EPA for herbicide registration for rice with 

concurrent review by the California Department of Pesticide Regulations will be made by 

Albaugh in 2021. Target commercial production is in 2023 for what will be known as the 

ROXY® Rice Production System. Albaugh LLC is a global leader in the production and 

sale of post-patent crop protection products and currently markets this herbicide. Albaugh 

LLC is a privately owned US company with experience in this particular market, having 

launched a similar grower-owned non-GMO herbicide resistant wheat, CoAXium® 

Wheat Production System.  

CCRRF will also be submitting for Plant Novel Trait approval from The Canadian 

Food Inspection Agency and Public Health Canada for the ROXY trait in 2021. This 

approval is to confirm the safety of novel traits in crops for growers, marketers, and 

consumers. This involves extensive analysis of the nutritional components of the rice, 

detailed understanding of the trait, and allergenic testing. This approval is a standard step 
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followed in the approval for herbicide tolerant rice and other crops for 

commercialization. 

 

ROXY Variety Development  

 The breeding program has initially focused on developing an herbicide tolerant 

Calrose medium grain. 17Y3000 and 19Y4000, previously identified, will be considered 

for foundation seed increase in 2021, well ahead of the projected herbicide registration. 

Table 30 contains the yield results from the UC Statewide Yield Tests and shows these 

two ROXY lines producing very similar yields. Table 31 contains the agronomic 

averages large plot yield tests at RES including at the bottom of the table results from a 

2 pts./acre pre-flood application of ALB2023.  

 

Table 30. Grain yield averages for M-206, 17Y3000, and 19Y4000 in 2020 UCCE 

Statewide Yield Tests 

 Yield (lb/A) 

Location  M-206  17Y3000  19Y4000 

Butte A 9,570 10,060 9,670 

Yolo 9,550 9,650 9,280 

Glenn 9,500 8,220 8,840 

Butte B 9,490 9,070 9,350 

Sutter 9,380 9,690 8,600 

RES 8,500 8,670 8,790 

Colusa 8,820 8,510 8,490 

RES 8,740 8,770 8,860 

RES 8,560 9,270 9,230 

Yuba 7,920 7,860 7,990 

Mean  9,050 8,980 8,910 

 

Table 31. Agronomic averages for M-206, 17Y3000, and 19Y4000 from RES tests in 

2020 

EXPT ID 

Grain 

Yield 

(lb/A) 

Harvest 

Moisture 

(%) 

Seedling 

Vigor 

Days to 

Heading 

Lodging 

(%) 

Plant 

Height 

(cm) 

RES1 17Y3000 8,670 15.4 4.9 78 19 99 
 19Y4000 8,800 15.7 4.9 78 25 96 
 M-206 8,950 15.9 4.8 78 23 101 

RES3 17Y3000 9,270 17.0 4.9 81 3 100 
 19Y4000 9,230 16.6 5.0 79 10 102 
 M-206 8,560 16.4 4.8 79 0 97 

RES7 17Y3000 8,770 15.8 4.9 78 5 96 
 19Y4000 8,860 15.9 4.9 78 21 98 
 M-206 8,740 16.1 4.9 78 5 94 

TRT(2pt)†  17Y3000 9,034 22.0 4.9 88 43 104 

 19Y4000 8,600 21.3 4.9 88 40 106 

 M-206 5,550 24.7 1.9 93 0 100 
† Results from replicated large plot experiment with pre-flood application of 2 pt./acre ALB2023. 
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In addition to agronomic testing, the 2020 harvest moisture milling studies are 

summarized in Figure 11. 

 

 
Figure 11. Results of harvest moisture milling studies for M-206, 17Y3000, and 19Y4000 

at RES in 2020 

 

The breeding and introgression of the ROXY trait follows the RES Breeding Program 

protocols for adaptation, yield, and quality for conventional varieties. If they survive this 

selection process, they are then evaluated for herbicide tolerance. Water-seeded yield 

tests of advanced breeding lines in 2020, under a 2 pts./acre ALB2023 application, 

allowed selection of medium grain entries with yield and lodging advantages for 

advancement. RES also conducted drill-seeded testing of breeding material (including F2 

populations) and a seed increase of 18P4116 for 2021 contracted efficacy testing with 

Albaugh. 18P4116 is a long grain line with the ROXY trait. These materials all received 

a pre-flush treatment with ALB2023 and post emergence treatment with ALB2024. 

 

2020 RES Efficacy Testing 

Results from a water-seeded rate study at RES is summarized in Table 32. Four pre-

flood application rates of ALB2023 were tested on 17Y3000, 19Y4000, 18P4116 (all 

with the ROXY trait), and M-206. The main focus of the test was to study seedling vigor 

and accompanying delays in emergence and heading. The results for the top section of 

the table are averages for the two medium grain tolerant lines and the bottom section 

includes all the tolerant lines and the susceptible M-206. A delay in emergence and 50% 

heading was observed as the herbicide rate increased. Weed control was effective in the 

plots at all rates but control increased as the rate increased. Yields did not appear to be 
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reduced at the 2.0 pt/acre rate, something that has been seen previously. However, there 

were harvest issues encountered and so no conclusions should be made based on this 

experiment. The emergence delay was observed to be much reduced in additional 2020 

demonstration plots planted later in the season and in mid-July, possibly due to warmer 

growing temperatures. 

  

Table 32. Large plot water-seeded herbicide rate test of tolerant 17Y3000, 19Y4000, 

19P4116, and susceptible M-206 at RES in 2020 

 

Drill-seeding followed by an application of the herbicide on dry soil prior to first 

flush has performed very well in RES tests. A second application before final flood has 

also worked well. This was again seen in 2020 in two large-plot replicated experiments. 

In both experiments it rained following planting, so no initiating water flush was applied. 

A water flush was applied later, with the permanent flood applied after the post-

emergence treatments. Table 33 summarizes the results for the pre- and post-emergence 

treatment on tolerant lines 17Y3000, 19Y4000, and 18P4116. The different treatments 

had little measurable effect and weed control was very good. Although not seen in these 

drill seeded experiments, the post emergence application can produce severe leaf burn 

which the plants eventually recover from.  

The second drill-seeded experiment is summarized in Table 34 and was designed to 

determine if a susceptible contaminant rice (to mimic weedy red rice) could be controlled 

in herbicide tolerant rice planting. No significant treatment differences were seen in the 

seedling vigor, plant height, days to 50% heading, and yield. The yield of the M-206 was 

significant reduced. Weed control was very good in the tolerant plots; the plots were also 

free of Koshihikari plants that could be identified by their late flowering and taller height. 

Some Koshihikari plants were found along with weeds in the M-206 plots. This is shown 

in Figure 11. Results suggest that herbicide treatment in combination with an herbicide 

tolerant variety may offer control of a susceptible rice type. 

ROXY field research and demonstration was extensive in 2020 including six Albaugh 

off-station efficacy experiments in California. There was lots to see, however the 

cancellation of Rice Field Day and group tours prevented this work from being presented 

ALB2023 

(pt/A) 

SV1 

6/1/20 

SV2 

6/8/20 

SV3 

6/12/20 

SV† 

(avg.) 

Height 1 

(cm) 

Height 2 

(cm) 

50% 

(days) 

Yield* 

(lb/A) Entries 

1.00 5.0 5.0 5.0 5.0 32 101 82 9037 17Y3000 

1.50 4.9 5.0 5.0 5.0 32 100 84 9314 & 

1.75 4.8 4.9 5.0 4.9 29 104 86 8950 19Y4000 

2.00 4.5 4.7 4.9 4.7 30 108 87 9262  
1.00 4.4 4.4 4.5 4.4 30 101 83 9083 All 

1.50 3.7 4.3 4.3 4.1 29 104 85 8251 18P4116 

1.75 3.5 4.2 4.1 3.9 27 106 88 7755 17Y3000 

2.00 3.0 3.8 3.6 3.5 29 109 89 8687 19Y4000 

Mean 3.6 4.2 4.1 4.0 29 105 86 8444 M-206 

LSD (0.05) 0.41 0.47 0.48 0.44 1.8 3.0 0.76   
†SV seeding vigor scores.  

*Harvest of 1.0 and 2.0 pt. basins had harvest issues vs. the other two rates and any trend is not clear. 

Height 1; taken at five weeks of planting, Height 2; taken at maturity. 



53 
 

to any extent. 2021 will be an opportunity for continued research, demonstration, and 

education in delivering the ROXY® Rice Production System to California rice growers.  

 

Table 33. Large plot drill-seeded herbicide pre- and post-emergence rate test of tolerant 

17Y3000, 19Y4000, and 19P4116 at RES in 2020 

 

Table 34. Large plot drill-seeded herbicide post-emergence rate test of tolerant 17Y3000, 

19P4116, and susceptible M-206 all with 20% susceptible Koshihikari mixed in with the 

seed for planting 

Treatments* 
SV1 

6/1/20 
SV2 

6/5/20 
SV3 

6/5/20 
Height 1 

(cm) 
Height 2 

(cm) 
Height 3 

(cm) 
50% 

(days) 
Yield 

(lb/A) 
Entry 

Yield 
Entries 

+Kosh  

ALB2023 (2.25 pt/A) + 

ALB2024 (1.5 pt/A) 4.8 8.2 6.6 14 33 100 84 7234 9815 18P4116  
ALB2023 (2.0 pt/A) + 

ALB2024 (2.0 pt/A) 4.8 8.1 6.4 14 33 102 84 7207 9591 17Y3000  
ALB2023 (1.75 pt/A) + 

ALB2024 (2.5 pt/A) 4.8 8.4 7.0 15 34 103 83 7354 2616 M-206  
ALB2023 (1.5 pt/A) + 

ALB2024 (3.0 pt/A) 4.9 8.5 7.2 14 34 100 84 7567    

Mean 4.8 8.3 6.8 14 33 101 83 7341 7341   

LSD (0.05) NS NS 0.5 NS NS NS NS NS 602    
*Plot counts for Grass (<1), Sprangle top (<1), RFBR (<1), and Total Weeds (<5), were NS. KOSH were not found in ROXY lines, 
but were present in the M-206 (Avg. 7). 

Height 1; taken before post emergence application at 4 weeks, Height 2; after postemergence application at 6 weeks, Height 3; at 

maturity. 
 

 

 

Treatments* SV1 6/1/20 

Height 1 

(cm) 

Height 2 

(cm) 

Height 3 

(cm) 

50% 

(days) 

Yield 

(lb/A) 

ALB2023 (2.25 pt/A) 4.9 14 39 102 83 8790 

ALB2023 (3.00 pt/A) 4.8 15 38 102 83 8625 

ALB2023 (1.5 pt/A) + 

ALB2024 (3.0 pt/A) 4.9 15 37 100 83 8614 

ALB2023 (2.0 pt/A) + 

ALB2024 (2.0 pt/A) 4.9 16 36 102 83 8677 

Mean 4.9 4 38 101 83 8676 

LSD (0.05) 0.07 0.44 1.7 NS NS NS 
*Plot Counts for Grass (<1), Sprangle top (<2), and Total Weeds (<5) were NS.  
Height 1; taken before post emergence application at 4 weeks, Height 2; after postemergence application at 6 weeks, Height 3; at 

maturity. 
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Figure 11. 17Y3000 + 20% Koshihikari with no Koshihikari survivors (left) and M-206 + 

20% Koshihikari with tall late Koshihikari survivors, sprangle top, and ricefield bulrush  
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STATEWIDE YIELD TEST RESULTS AT RES LOCATION 
 

 The Rice Experiment Station Breeding Program annually assembles advanced 

medium, long, and short grain materials for agronomic and yield testing by the University 

of California Cooperative Extension (UCCE) in rice grower fields. This cooperative 

testing is a particularly important endeavor in evaluating breeding lines before they are 

released for seed and commercial production. Results of the trials are published in the 

Agronomy Progress Reports from the UC Department of Plant Sciences.  

 The 2020 Statewide Yield Tests were conducted in commercial fields by Mr. John 

Ray Stogsdill, Dr. Bruce A. Linquist, Dr. Luis Espino, and Dr. Whitney Brim-DeForest. 

Advanced rice selections, including standard check varieties for comparison, were tested 

in three Zones: Zone 1 = Colusa, Glenn, RES, mostly composed of rice with intermediate 

-late-maturity rice materials; Zone 2 = Butte, South Butte, RES, early-maturity rice 

materials; and Zone 3 = Sutter, Yolo, South Yolo, Yuba, and RES, very-early-maturity 

rice materials. There are three experiments in each Zone Group consisted of four-

replicate advanced, two-replicate advanced, and two-replicate preliminary experiments. 

Plots were combine-size (10′ × 20′) and the experimental designs were Randomized 

Complete Block Design (RCBD). 

 The statewide tests at RES were water-seeded on May 4 and 5, 2020 in 10′ × 20′ plots. 

Water-seeding and conventional management practices were used in these experiments. 

The experiments at RES had an effective harvest area of 140 sq ft (7′ × 20′) and were 

harvested on September 21 and 22, 2020, using an Almaco research combine. 

 Tables 35 through 43 contain a summary of performance information from the 2020 

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, roads, 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 2020.  

 

 

 

 

 

  

http://rice.ucanr.edu/Reports-Publications/Agronomy_Papers
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Table 35. Agronomic performance of four-rep, Zone 3, very early advanced entries in 

Statewide Yield Tests at RES and over-location mean yields in Yuba, Sutter, Yolo, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

2 L-208 L 4.9 81 98 0 3.8 14.3 10690 10340 

14 15Y2112 S 4.7 86 99 0 2.8 16.7 10660 8840 

7 S-202 S 4.8 79 93 6 3.5 11.9 10410 9980 

9 17Y1027 L 4.9 83 99 0 4.3 13.9 10300 9860 

1 L-207 L 4.9 83 107 0 3.5 13.6 10130 10390 

6 M-211 M 4.9 83 105 0 4.0 15.6 9930 9520 

10 17Y3158 M 4.8 83 103 0 4.0 15.5 9780 9120 

13 17Y2087 S 4.9 81 92 0 3.3 13.1 9690 9380 

5 M-209 M 4.9 83 99 0 3.3 15.9 9440 9010 

8 CH-202 S 4.7 81 91 59 2.8 11.9 9070 8530 

4 M-206 M 4.8 78 101 23 3.3 15.9 8950 8950 

3 M-105 M 4.9 77 97 0 4.0 15.4 8830 8990 

12 19Y4000 M 4.9 78 96 25 4.0 15.7 8790 8670 

11 17Y3000 M 4.9 78 99 19 4.5 15.4 8670 8970 

           

MEAN   4.84 81.0 98.4 9.4 3.6 14.6 9670 9320 

CV (%)   2.5 1.0 4.2 103.4 24.0 4.8 4.5 6.7 

LSD(.05)   0.2 1.1 5.9 13.9 1.2 1.0 630 625 
† 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, where 1 = resistant and 5 = susceptible 
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Table 36. Agronomic performance of two-rep, Zone 3, very-early advanced entries in 

Statewide Yield Tests at RES and over-location mean yields in Yuba, Sutter, Yolo, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

22 18Y3151 M 4.9 86 107 0 4.5 16.8 10120 9050 

24 19Y3088 M 4.9 83 98 0 3.5 15.9 9850 9410 

16 CJ-201 L 4.9 85 95 0 3.5 13.0 9770 9580 

27 18Y117 S 4.8 79 94 0 4.3 12.8 9740 9820 

28 16Y2028 S 4.7 84 99 25 3.8 12.1 9670 9530 

21 18Y3018 M 4.9 82 103 0 3.8 16.1 9260 9240 

18 17Y1087 L 4.9 82 96 0 3.5 13.4 9210 9500 

25 19Y4033 M 4.9 84 97 0 4.0 15.8 9060 8720 

19 17Y3047 M 4.8 81 94 0 4.3 14.9 9000 8960 

15 M-210 M 4.9 78 99 18 4.0 15.0 8820 8810 

26 19Y4039 M 4.9 79 100 0 4.3 15.3 8800 8670 

23 19Y3035 M 5.0 79 101 0 4.5 15.1 8790 9290 

20 18Y3102 M 4.9 80 104 0 3.5 15.6 8610 8950 

17 S-102 S 4.9 74 95 0 3.8 8.7 7810 8300 

           

MEAN   4.86 81.1 98.4 3.0 3.9 14.3 9180 9130 

CV (%)   0.2 0.8 3.5 310.4 24.4 3.2 5.6 6.6 

LSD(.05)   0.1 1.4 7.5 20.4 1.4 1.0 1110 666 
† 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, where 1 = resistant and 5 = susceptible 
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Table 37. Agronomic performance of two-rep, Zone 3, very-early preliminary entries in 

Statewide Yield Tests at RES and over-location mean yields in Yuba, Sutter, Yolo, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

45 18Y3226 M 4.8 85 100 0 4.5 15.6 9850 9130 

35 17Y1085 L 4.8 88 91 0 3.5 14.3 9680 9830 

30 CM-203 S 4.9 79 98 5 4.3 13.0 9680 9720 

46 18Y3215 M 4.8 84 102 0 4.3 16.5 9430 9280 

54 18Y2016 S 4.8 83 95 5 5.0 12.7 9380 9070 

56 18Y2012 S 4.8 83 97 0 3.0 13.3 9370 8980 

38 17Y3086 M 4.9 82 105 0 3.5 15.6 9360 8790 

49 18Y3130 M 4.8 84 96 0 4.0 16.7 9350 9130 

48 18Y3305 M 4.9 83 104 0 4.5 15.3 9350 9140 

36 19Y1008 L 4.8 83 101 0 3.0 14.3 9320 10450 

52 19Y4034 M 4.9 79 101 13 4.0 16.0 9210 8990 

47 18Y3141 M 4.8 86 100 0 2.8 15.5 9200 9430 

55 18Y2070 S 4.7 82 100 0 3.3 12.6 8780 9050 

31 A-202 L 4.7 84 101 0 3.8 13.9 8780 9140 

32 M-211 M 4.9 82 98 0 4.0 15.0 8620 8820 

53 19Y3050 M 4.9 83 101 0 4.5 16.0 8540 9090 

41 18Y3065 M 4.9 82 98 0 2.8 15.4 8520 8620 

42 18Y3010 M 4.8 83 92 0 3.8 15.1 8440 8990 

40 17Y3075 M 4.8 79 102 0 4.8 15.5 8390 8790 

43 18Y3092 M 4.9 83 97 0 3.3 15.1 8180 8800 

51 19Y3047 M 4.9 79 93 5 3.8 15.6 8110 9200 

34 18Y1024 L 4.7 80 82 0 3.8 13.6 8030 10030 

50 19Y3014 M 4.9 75 98 0 4.5 14.8 8020 9020 

37 18Y3020 M 4.9 80 93 0 4.8 15.7 7990 8780 

44 18Y3022 M 4.8 81 95 0 3.0 14.8 7950 8790 

39 18Y108 M 4.9 77 96 0 4.3 14.8 7870 9090 

29 CM-101 S 4.9 76 95 13 3.8 9.3 7550 7960 

33 M-105 M 4.8 76 96 0 4.8 14.9 7440 8950 

           

MEAN   4.85 79.6 95.1 1.3 4.0 14.7 8120 9111 

CV (%)   0.4 0.9 3.6 284.6 22.3 4.3 7.3 6.6 

LSD(.05)   0.1 1.5 7.2 8.3 1.2 1.3 1310 879 

† 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, where 1 = resistant and 5 = susceptible 
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Table 38. Agronomic performance of four-rep, Zone 2, early advanced entries in 

Statewide Yield Tests at RES and over-location mean yields in Butte, South Butte, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

58 L-208 L 4.8 80 99 16 3.8 14.8 10870 10980 

65 17Y1027 L 4.9 83 96 0 4.3 15.7 10770 10320 

57 L-207 L 4.9 83 103 0 3.5 14.4 10260 10320 

63 S-202 S 4.8 78 90 11 3.5 15.0 10070 10590 

66 17Y3158 M 4.8 84 99 0 4.0 16.4 9960 9780 

70 15Y2112 S 4.9 86 99 0 2.8 18.4 9910 9190 

62 M-211 M 4.9 84 103 0 4.0 16.4 9910 10130 

69 17Y2087 S 4.9 83 90 0 3.3 15.4 9650 9740 

61 M-209 M 4.9 84 101 0 3.3 16.8 9470 9830 

67 17Y3000 M 4.9 81 100 3 4.5 17.0 9270 9470 

68 19Y4000 M 5.0 79 102 10 4.0 16.6 9230 9410 

64 CH-202 S 4.8 82 89 30 2.8 14.6 9110 8240 

59 M-105 M 4.9 78 95 0 4.0 16.2 8890 9610 

60 M-206 M 4.8 79 97 0 3.3 16.4 8560 9200 

           

MEAN   4.87 81.8 97.3 5.0 3.6 16.0 9710 9770 

CV (%)   0.0 0.8 4.3 226.6 24.0 5.8 3.4 5.2 

LSD(.05)   0.1 1.0 6.0 16.2 1.2 1.3 470 934 
† 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, where 1 = resistant and 5 = susceptible 
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Table 39. Agronomic performance of two-rep, Zone 2, early advanced entries in 

Statewide Yield Tests at RES and over-location mean yields in Butte, South Butte, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

74 17Y1087 L 4.9 82 97 0 3.5 15.0 10020 9960 

83 18Y117 S 4.8 80 97 0 4.3 15.5 9950 10240 

84 16Y2028 S 4.8 83 103 0 3.8 14.4 9820 9800 

72 CJ-201 L 5.0 86 91 0 3.5 14.1 9780 10150 

81 19Y4033 M 4.9 83 95 0 4.0 16.4 9740 9760 

75 17Y3047 M 5.0 82 93 0 4.3 16.4 9490 10140 

78 18Y3151 M 5.0 87 100 0 4.5 17.7 9420 9220 

80 19Y3088 M 4.9 84 98 0 3.5 15.9 9300 9870 

71 M-210 M 4.9 79 104 15 4.0 16.3 9260 9250 

79 19Y3035 M 4.9 79 100 0 4.5 15.5 9180 9980 

76 18Y3102 M 4.9 82 104 0 3.5 16.1 8890 9600 

82 19Y4039 M 4.9 82 95 0 4.3 16.2 8790 9450 

77 18Y3018 M 4.7 82 99 0 3.8 16.7 8640 9270 

73 S-102 S 4.9 76 89 0 3.8 12.3 8200 8730 

           

MEAN   4.90 81.8 97.3 1.1 3.9 15.6 9320 9670 

CV (%)   0.1 1.0 3.9 529.2 24.4 5.3 6.7 7.2 

LSD(.05)   0.2 1.9 8.2 12.2 1.4 1.8 1350 877 
† 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, where 1 = resistant and 5 = susceptible 
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Table 40. Agronomic performance of two-rep, Zone 2, early preliminary entries in 

Statewide Yield Tests at RES and over-location mean yields in Butte, South Butte, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 

Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

86 CM-203 S 5.0 79 98 0 3.0 13.8 10390 10920 

91 19Y1018 L 4.8 79 96 0 3.3 15.5 10290 10370 

94 19Y3041 M 4.9 82 96 0 3.8 17.0 10060 10480 

93 19Y1061 L 4.9 85 93 0 3.3 14.8 9900 10270 

90 19Y1011 L 4.9 80 98 0 3.5 14.7 9860 9840 

88 M-211 M 4.9 83 103 0 3.5 16.7 9850 10440 

98 19Y3007 M 4.8 81 103 0 3.0 15.6 9800 10330 

92 19Y1016 L 4.8 84 106 0 3.5 14.9 9720 9810 

104 19Y3015 M 4.9 83 99 0 3.5 16.0 9510 9930 

99 19Y3051 M 4.9 82 103 0 3.5 15.8 9500 9690 

100 19Y3086 M 4.8 83 99 0 3.0 16.8 9490 9940 

87 A-202 L 4.9 84 105 0 2.8 14.2 9490 9740 

101 19Y3103 M 4.9 83 95 0 3.8 16.2 9480 9880 

107 20Y107 M 4.9 81 109 0 4.3 16.3 9410 9460 

105 19Y3063 M 4.9 83 101 0 3.8 16.7 9380 9640 

111 19Y3097 M 4.8 82 95 0 3.8 16.7 9350 9940 

97 19Y3024 M 4.9 82 100 0 2.3 15.8 9310 9400 

109 19Y3152 M 5.0 83 106 0 3.8 16.2 9300 9970 

103 20Y103 M 4.9 80 101 0 3.8 17.7 9170 9600 

112 18Y2069 S 4.9 82 97 0 3.8 14.2 9150 8710 

102 19Y3154 M 4.9 85 100 0 4.8 15.7 9150 9890 

96 19Y4042 M 4.8 79 94 0 3.5 15.8 9150 9660 

110 19Y3150 M 4.9 85 90 0 3.3 16.3 9130 9570 

89 M-105 M 4.9 77 98 0 4.8 16.5 9000 9810 

108 19Y3090 M 4.9 83 104 0 4.3 15.7 8910 9730 

106 20Y106 M 4.9 79 93 0 3.3 16.8 8620 9360 

95 19Y4038 M 4.9 79 95 0 3.8 16.8 8470 9310 

85 CM-101 S 5.0 77 92 13 3.0 13.1 7450 7870 

           

MEAN   4.88 81.0 97.4 0.9 3.7 16.0 8970 9770 

CV (%)   0.6 1.3 4.7 149.7 24.9 4.6 4.3 5.3 

LSD(.05)   0.1 2.2 9.5 1.4 1.2 1.5 840 670 
† 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, where 1 = resistant and 5 = susceptible 
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Table 41. Agronomic performance of four-rep, Zone 1, intermediate-late advanced 

entries in Statewide Yield Tests at RES and over-location mean yields in Colusa, Glenn, 

and RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

121 17Y1027 L 4.8 81 98 0 4.3 14.6 11060 9320 

114 L-208 L 4.9 78 95 0 3.8 14.1 10640 10340 

113 L-207 L 4.9 81 104 0 3.5 14.1 10510 9950 

126 15Y2112 S 4.9 85 97 8 2.8 17.1 10260 8200 

122 17Y3158 M 4.9 83 100 0 4.0 16.5 10230 9270 

125 17Y2087 S 4.9 82 92 4 3.3 14.5 10190 9250 

118 M-211 M 4.9 84 97 0 4.0 15.9 10100 9170 

119 S-202 S 4.8 76 87 36 3.5 12.2 9960 9190 

117 M-209 M 4.9 83 100 0 3.3 16.4 9660 9420 

115 M-105 M 4.8 77 97 5 4.0 15.9 8920 8980 

124 19Y4000 M 4.9 78 98 21 4.0 15.9 8860 8730 

123 17Y3000 M 4.9 78 96 5 4.5 15.8 8770 8500 

116 M-206 M 4.9 78 94 5 3.3 16.1 8740 9020 

120 CH-202 S 4.8 81 92 76 2.8 12.4 8140 7000 

           

MEAN   4.87 80.4 96.0 11.4 3.6 15.1 9720 9020 

CV (%)   0.0 1.3 3.9 89.8 24.0 4.3 6.7 8.9 

LSD(.05)   0.1 1.5 5.4 14.7 1.2 0.9 930 1103 
† 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, where 1 = resistant and 5 = susceptible 
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Table 42. Agronomic performance of two-rep, Zone 1, intermediate-late advanced entries 

in Statewide Yield Tests at RES and over-location mean yields in Colusa, Glenn, and 

RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

130 17Y1087 L 4.9 80 98 0 3.5 14.9 10910 9870 

128 CJ-201 L 5.0 85 93 0 3.5 13.6 10280 9420 

136 19Y3088 M 4.8 83 96 0 3.5 16.1 9980 9800 

134 18Y3151 M 4.9 85 105 0 4.5 16.2 9970 9530 

139 18Y117 S 4.9 79 92 10 4.3 14.6 9770 9740 

140 16Y2028 S 4.9 80 101 30 3.8 12.4 9710 8890 

138 19Y4039 M 4.9 80 96 5 4.3 15.9 9610 9200 

137 19Y4033 M 4.9 84 95 0 4.0 16.5 9550 8660 

133 18Y3018 M 4.8 82 99 0 3.8 16.4 9320 9650 

135 19Y3035 M 4.9 78 103 0 4.5 15.7 9170 9420 

132 18Y3102 M 4.8 81 101 0 3.5 15.5 9160 9220 

131 17Y3047 M 4.8 81 91 0 4.3 14.9 9130 9160 

127 M-210 M 4.9 78 94 13 4.0 15.5 8680 9290 

129 S-102 S 4.9 74 93 0 3.8 12.1 8180 7980 

           

MEAN   4.86 80.5 96.6 4.1 3.9 15.0 9530 9270 

CV (%)   0.1 1.0 3.2 203.9 24.4 4.1 5.3 5.7 

LSD(.05)   0.1 1.8 6.7 18.1 1.4 1.3 1090 994 
† 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, where 1 = resistant and 5 = susceptible 
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Table 43. Agronomic performance of two-rep, Zone 1, intermediate-late preliminary 

entries in Statewide Yield Tests at RES and over-location mean yields in Colusa, Glenn, 

and RES locations in 2020 

Entry 

Number 
Identity 

Type 

† 

SV 

‡ 
Heading 

(d) § 

Height 

(cm) 

Lodging 

(%) 
SR ¶ 

Harvest 

MC (%) 

Grain Yield 

(lb/acre, 14%MC) 

RES State 

146 19Y1071 L 4.8 87 104 0 3.8 14.5 10760 9870 

160 19Y3123 M 4.8 87 92 0 4.3 17.6 10460 9610 

156 19Y3071 M 4.9 85 97 0 4.5 15.7 9920 9720 

159 19Y3077 M 4.8 83 100 0 3.8 15.9 9890 10010 

147 19Y3105 M 4.9 85 109 0 3.8 16.0 9790 9550 

144 M-211 M 4.8 82 103 0 4.0 16.1 9760 9870 

167 19Y3068 M 4.8 85 102 0 3.8 16.5 9680 9590 

155 19Y3160 M 4.8 85 99 0 4.3 16.1 9570 9310 

164 19Y3062 M 4.8 87 94 0 5.0 16.3 9500 9520 

143 A-202 L 4.8 83 106 0 3.0 14.8 9280 9370 

168 19Y3130 M 4.8 89 97 0 2.3 22.1 9260 8660 

161 18Y3288 M 4.9 84 98 0 4.0 15.9 9230 9510 

157 19Y3143 M 4.8 84 97 0 4.3 15.4 9220 9230 

158 20Y158 M 4.7 85 96 0 3.8 16.7 9220 9150 

150 19Y3156 M 4.9 84 93 0 4.3 16.0 9220 8650 

142 CM-203 S 5.0 81 99 8 3.8 12.3 9190 8800 

163 19Y3162 M 4.8 87 91 0 3.3 17.2 9080 9080 

151 19Y3094 M 4.8 84 101 0 3.5 16.6 8980 8810 

148 20Y148 M 4.8 79 99 8 3.3 15.8 8920 9400 

152 19Y3134 M 4.8 84 99 0 4.3 15.8 8900 8960 

154 19Y3079 M 4.9 83 96 0 3.5 15.7 8810 9160 

166 19Y3075 M 4.9 85 94 0 3.5 16.0 8670 8780 

153 20Y153 M 4.8 80 98 0 3.3 15.9 8450 8700 

162 20Y162 M 4.8 84 95 0 4.0 16.2 8410 8560 

165 19Y3078 M 4.8 83 97 0 3.8 15.7 8250 9030 

145 M-105 M 4.8 76 96 0 3.8 16.4 8220 8820 

149 20Y149 M 4.8 79 95 0 3.5 15.7 8160 9120 

141 CM-101 S 4.9 75 92 5 3.5 10.5 6880 7710 

           

MEAN   4.82 81.6 95.9 1.4 3.6 15.5 8580 9160 

CV (%)   0.4 1.0 4.1 445.3 22.6 3.2 7.1 6.3 

LSD(.05)   0.1 1.7 8.1 6.5 1.2 1.0 1340 900 
† 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, where 1 = resistant and 5 = susceptible 


