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OVERVIEW

Kent S.McKenzie

he California Cooperative Rice

ResearchFoundation(CCRRF) is
a private nonprofit researchfoundation
[501(c)(5)] with membership consiging
primarily of California rice growers.The
Rice ExperimentStation (RES) is owned
and operated by CCRRF. RES was
establishedat its present site between
Biggs and Richvale, California in 1912
through the cooperative efforts of the
Sacramento Valley Gran Association,
United StatesDepartmentof Agriculture
(USDA), and University of California
(UC). The 478acre RES facility was
expandedby approximately 100 acresin
1998 to supportweedresearchbreeding,
and foundation seed production. Two
new greenhaises were constructed in
1999.Oneis being usedfor screeningfor
diseaseresistanceand breedingby RES
and the other for weed researchby UC.
Grower funds for construction of these
greenhousescame from the California
Rice ResearchBoard (CRRB), CCRRF,
andthe Rice Researchlrust (RRT).

Dr. Kent S. McKenzie is the station
director and the scientific professional
staff of CCRRF includes plant breeders
Drs. Carl W. Johnson, Farman Jodari,
andplant pathologistMr. JeffreyJ. Oster.
The project leader postion for the
premium quality and shortgrain breeding
was vacant and will be filled by Dr.
JundaJiangbeginningApril of 2005.Ten
career positions consisting of four plant
breeding assistants, two postgraduate
assistants, a field supervisor, one
mechanic and field operator, two
maintenanceand field operators,and an
administrative assistant make up the
supportstaft.

Approximately 30 seasonallaborers are
employed during crucial planting and
harvesttimes.

Organization and Policy

Policy and administation of RES is
the responsibilityof an 11-memberBoard
of Directors elected by the CCRRF
membership Directors servea threeyear
term and represent geographical rice
growing areasof California. Theyarerice
growersand servewithout compensation.
CCRRF works to serveall California rice
growers,andits policies generallyreflect
those of public institutions such as UC.
CCRREF cooperateswith UC and USDA
under a formal memorandum of
understanding.The UC and CRRB have
liaisons to the Board of Directors.
CCRREF scientists cooperatewith many
national and international public
institutions and also with private
industry. Organization and policy of
CCRRF encouragesactive grower input
and participation in RES research
direction.

ResearchMission and Funding

The primary mission of CCRRF is
the development of improved rice
varieties and agronomic management
systems for the benefit of the
California rice growers. The plant
breedingprogram at RES is designedto
develop rice varieties of all grain types
and market classeswith high and stable
grain yields and quality that will sustain
the profitability of rice with minimum
adverseenvironmentalimpact. Important
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breeding objectives include the
incorporation of diseaseresistance high
milling vyield, seedling vigor, cold
tolerance early maturity, semidwarfplant
type, lodging resistance, and insect
tolerance into future rice varieties.
Improved  milling yield, grain
appearance,and cooking characteristics
relative to consumerpreferenceare major
components of the plant breeding
program. A secondary and important
objective is to addressindustry research
needs including support of UC and
USDA research by providing land,
resources,and managementfor genetic,
agronomic, weed, insect, disease, and
otherdisciplinary research.

Rice variety development at RES is
primarily funded by the CRRB that
manages funds received from all
California  rice producers through
California Rice Research Program
assessmentsThe CRRB acts under the
authority of the California Departmentof
Food and Agriculture (CDFA). The
CRRB finances approximately 80% of
the RES annual budget and 20% is
derived from the sale of foundation rice
seed to seed growers, grants, and
revenuedrom investmentsRES doesnot
receive any governmentresearchfunds
but does receive some grants from
agribusinessandthe RRT. The RRT is a
tax-exempttrust [501(c)3] establishedin
1962 to receive tax deductible
contributionsfor supportof rice research.

Cooperative Research

Cooperative researchis an integral
part of rice researchat RES involving
USDA and UC scientists.Dr. ThomasH.
Tai, USDA-ARS Research Geneticist,
Department of Agronomy and Range
Science UCD, is working with all project

leaders to develop improved breeding
and genetics methods for rice variety
improvement. Rice quality and genetic
researchhasincluded studieswith USDA

scientists Drs. Thomas Tai, Anna
McClung, Bob Feldstrom, Stephen R.

Delwiche, Elaine T. ChampagneRobert
Swank, and Drs. CharlesF. Shoemaker
and Ana Maria IbanezCarranza are
pursuing researchon rice quality in the
Department of Food Science and
Technology, UCD and material and
support are provided to that effort.

Statewide performance testing of

advancedexperimentallines andvarieties
was conducted by Mr. Raymond L.

Wennig, UCD staff researchassociate,
under the direction of University of

California Cooperative Extension Farm
Advisors Mr. W. Michael Canevari(San
Joaquin),Dr. Randall G. Mutters (Butte,

Placer, Sacramento,Sutter, Yuba), and
Dr. Chris Greer (Glenn, Colusa, Yolo,

Tehama)and Agronomist Dr. JamesE.

Hill, (Department of Agronomy and
Range Science,UCD). The information

developedfrom this cooperativeresearch
is valuable to the RES Rice Breeding
Programand the California rice industry.
RES valuesand works to supporta well

coordinated team effort with these
cooperators.

The CCRRF staff, facilities, and
equipment also supported agronomic,
weed, disease, and insect research of
UCD scientists in 2004. Dr. Albert J.
Fischer, associate professor, Weed
Science Progam, Department of
Vegetable Crops, UCD and Mr. Jim
Eckart UCD staff researchassociateat
RES, conductedUC rice weed research
on 18 acres.Dr. Jim Hill is coordinating
therice systemgesearchin anew 13 acre
researchareaestablishedat RES and he
is being supportedby UCD staff research
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associateMr. SteveBickley. Dr. Larry D.

Godfrey, extension entomologist, and

Richard L. Lewis, postgraduate
researcher,Department of Entomology,

conducted rice water weevil research.
Pleaserefer to the 2004 Comprelensive
Rice ResarchReportfor information on

UC, USDA and RESUC-USDA

cooperativeresearch.

CCRRF staff began conducting
cooperativeresearchwith biotechnology
companiesin 1996 on transgenicrice for
California. This is a very limited areaof

research for CCRRF. All research is
conducted under permits and in
compliance with USDA-APHIS

regulationsand underapprovedprotocols
required by the California Rice
Certification Act. It has included
participants from the private and public
sectors. No transgenic materials were
grown at RES in 2004. CCRRF did
actively oppose Measure D that would
have bannedresearchand production of
engineeredorganismsin Butte County.
The initiative was decisively defeatedin
the November election and a CCRRF
position statement is included in the
Appendix. The campaign presented a
huge educationalchallengeand we were
very fortunateto be able to look to third
party sources, the University of
California, Chico State University and
others,who provided scientiststo explain
the technology,addresshe questionsand
concern about this sophisticated
technology, and provide forums for
public discussion. We are also very

grateful to the individuals and
organizations like Farm Bureau,
BUCRA, and Red Top who devotedso
much to this campaign. Future research
in this area by RES will depend on
California’s needs, market acceptance,
and the development of research
agreements.

SeedProduction and Maintenance

The production and maintenance of
foundation seedof California public rice
varietiesandnew releasess animportant
RES activity. The foundation seed
program iS a cooperative program
between CCRRF and Foundation Seed
and Certification Servicesat UCD. Its
purposeis to assureavailability of pure,
weedfree and high qudity seedof public
rice varieties for the benefit of the
California rice industry. The California
public rice breedingprogram of CCRRF
hasdeveloped37 improvedrice varieties
since the acceleratedresearchprogram
beganin 1969. Foundation seed of 15
public rice varietiesandbasicseedof two
Japanesgremium quality varietieswere
producedon 180 acresat RES in 2004.
Although the foundation seedprogramis
self-sustaining and not supported with
CRRB funds, the cooperationof CCRRF
UC-USDA-CRRB makes the program
possibleand hasresultedin an estimated
90 percentuse of certified seedby the
Californiarice industryu

Trade namesare used to simplify information. No endorsementsof named products are intended or
criticism implied of similar producs not mentionedin this report.
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RICE BREEDING PROGRAM

INTRODUCTION

The RES Rice Breeding Program
consistsof four researchprojects. Three
rice breeding projects focus on
developing adaptedvarieties for specific
grain and market types and are each
under the direction of a RES plant
breeder. The rice pathology project,
under the direction of the RES plant
pathologist, supports the breeding
projectsthroughscreeningandevaluating
varieties for disease resistance, rice
disease research, and quarantine
introduction of rice germplasm for
variety improvement.Projectleadersalso
have areas of responsibility in the
operationand managemenbf the overall
program. All projects are involved in
cooperative studies with other scientists
from the UC, USDA, and industry,
including off-stationfield tests,nurseries,
quality researchandbiotechnology.

Dr. Carl Johnsonheadsthe breeding
effort for the Calrose medium grain
project (seeCalroseMedium Grains).He
is responsible for coordinating the
breedingnursey andis the liaison for the
UCCE StatewideYield Testsandthe San
Joaquin Cold Tolerance Nursery. Dr.
Farman Jodari is the long-grain project
leader (see Long Grains). He is also
providing the data analysis for yield
testingandis theliaison to the UCD Cold
Tolerance Nursery and Southern U.S.
breeding programs. Dr. Kent S.
McKenzie servedasthe projectleaderfor
premium quality, waxy, and California
short grains (see Short Grains) while a
searchwas conductedto fill that position.
He also oversees contracting and
coordinationthe Hawaii Winter Nursery.

The rice pathologyprojectis led by RES
pathologist Mr. Jeff Oster (see Rice
Pathology). In addition to screeningfor
disease resistance, he is conducting
extensive researchon bakanaeat RES
and off-station. All breeding program
memberscooperativelyparticipatein the
preparation, planting, maintenance,and
harvestof the researchurseries.

With the increasingdemandsfor high
quality rice in all markettypes,RES has
been working to improve rice quality
evaluation capabilities. Physicochemical
testing for rice quality componentsis
being expandedto supportthe breeding
program.This hasbeenmadepossibleby
the improvementof laboratory facilities,
equipment,and the addition and training
of support staff. Screening, evaluation,
and research in the quality lab has
continued to expand including DNA
markertechnology.

Weed control in the breedingnursery
can be a serious problem due to open
water areas, herbicide resistant
arrowhead, and loss of aerial herbicide
application. In 2004 aerial herbicide
options were available at RES as the
result of continuing efforts of the
California Rice Commission and the
cooperationof Butte County Agricultural
Commissioner and CDFA. These are
very valuable tools for both nurseryand
foundationseedmanagement.

The focus of the RES rice breeding
program remains on developing
improvedrice varietiesto meetthe needs
of California growers now and into the
future. This report summarizes the
generalactivities of the 2004 RES Rice
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Breeding Program,including the various
breeding nurseries,selectedresults from
large plot yield tests, diseasenurseries,

greenhousendfield experimentsat RES
andin growersfields.

BREEDING NURSERIES

Seedingof the 2004 breedingnursery
at RES began May 10, and the stand
establishmentconditions were generally
good and the seasonwas near ideal for
production especially in Butte County
where the Butte County Growers
Associationreporteda pool yield average
of 95001b/acre.

In 2004, 971 new crosseswere made
at RES for rice improvement, bringing
the total number of crossesmade since
1969 to 30,030. Crossesmade in the
early spring were grown during the
summerin an F, nurseryto produceseed
for the F, generation.Crossesmadethis
pastsummerwere plantedin the Hawaii
Winter Nurseryand/orthe greenhouseso
the segregatingF, generationscan be
grown for selection purposesin 2005,
thereby accelerating the breeding
process.

The 2004 RES breeding nursery
occupiedapproximately83 acres.Water
seededyield tests included 4114 small
plots and 3375 large plots. Small seed
increaseplots and cooking sampleswere
grown on 3 acres and included 65
advanced breeding lines. Thirty-eight
experimentallines (3168 headrows)were
grown for seed increase, quality
evaluationsand purification. The nursery
included about 59,600 water-seededand
9,500 drill seeded progeny rows.
Selectionswere made for advancement,
guality evaluations,and purification from
approximately 10,000 progeny rows. F,
populationsfrom 2002 and 2003 crosses
were grown in precision drill-seeded
plots on 14 acres.An estimated200,000

panicles were selectedfrom the various
F, populations in nurseries for further
screening and advancement. Selected
material is being advarcedin the Hawalii
Winter Nurseryand greenhousédacilities.
The remainder will be screened and
processedor plantingin 2004.

Headrows (2400) of M-205, S-102,
and headrowsfor four experimentallines
were grown for breederseedproduction
in 2004. This headrowseedcan be used
for severalyearsto producebreederseed
because it is stored under Ilow
temperature and proper humidity
conditions.

The Hawaii Winter Nurseryallows the
advancementof breeding material and
screeningfor cold tolerance during the
winter to hasten variety development.
The Hawaii Winter Nursery is a very
valuable breeding tool and has been a
successfuland integral part of the RES
Rice Breeding Program. A new
experimental winter nursery site was
identified in September2001. RES staff
has worked with the manager/contractor
for the pastthree seasongn the design,
formation, preparation, seeding, and
weed control at a new winter rice
nursery. This has presented many
challengesin both managemeniand site
evaluationfor the pastthree seasonsThe
2003-2004 nursery site was seededby
RES project leaders November 8-10,
2003. This nursery included 7080
progeny rows, 500 transplantedF;rows,
and 500 rows for Dr. Thomas Tai
(USDA-ARS). Harvestwas completein
April by RES staff; the seedreturnedand
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grown in the 2004 nurseryat Biggs. This
proved to be the most successful
production at this location but critical
managementleficienciesremained.

After an extensive search, a new
nursery site was identified and leasedin
late September2004. A contract was
reachedwith a new cooperator,the site
cleared, and the nursery (8820 rows)
planted by RES staff in November. F;
plants from 2004 crosses were
transplanted into the nursery in
December under RES supervision.
Growth, fertilization, and weed control
look very good considering this newly
clearedland and has sufferedfrom some
heavy rain falls. Bird netting has been
purchased and installed. Harvest is
anticipated to occur in late March and
early April.

The 2004 UCD Cold Tolerance
Nursery contained 3 acres of precision
drill -seeded F, populations and 7,000
dry-seededprogeny rows. In the UCD
Rice Facility (overseen by Dr. V.
Andaya), the nursery managementand
production were very successful.
Blanking in the breeding rows and F,
populationswas at a moderatelevel and
allowed selection of panicles for
advancement in 2005. The cool
temperaturesobservedat UCD typically
are not as low as those observedat the
San Joaquin location. The UCD Cold
Tolerance Nursery allows selection of
materials with moderate resistance to
blanking and is a valuable location for
advancement,evaluation, and selection
of breedingmaterials.

A new San Joaquin Cold Tolerance
Nursery was plantedin cooperationwith
two local rice growers. The 4 acre drill
seededhursery included 10,320rows and
3.6 acresof F, populations.Management
and production were excellent. Blanking
levels were light, but it continuesto be a
very suitable location to identify highly
cold tolerant materials with excellent
cooperators.The new Hege nursery row
planter was used successfully at both
UCD andSanJoaquinnurseries.

The cold tolerancenurseriesremainan
essentiapart of selectingfor resistanceo
blanking and are used in conjunction
with two refrigerated greenhousesat
RES. In exceptionally cool years the
yield performance of cold tolerant
varieties like Calmochi101, M-103,
S102, M-104, and M-206 reflects the
value of the cold tolerance nurseriesin
developing adapted varieties for
California.u
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RES Rice Breeding Program Termin ology

Germplasm. Breeding material used in crossing including varieties,
introductions,lines, mutants,andwild species.

Crossing (hybridization) . The process of selecting parent plants and
artificially crosspollinating them.Backcrossings crossingagainto one of the parentsof
the original cross.

F, generation. The 1st generation after crossing. F, plants (hybrids)
are grown from the seed produced by crossing. They are allowed to
naturally self-pollinate to produce seed of the F, generation or may be
usedasparents(backcrossing).

Fo> generation. The 2nd generation after crossing. This is the stage that
produces the maximum segregation for the different characteristics of the
parents. Spaced plants from each cross are grown in large
plantings and individual panicles selected, evaluated for seed quality
factors,andplantedto producethe F; generation.

Progeny rows. Selected rice lines grown in single rows for selection,
generation advance, and purification. This may include lines in the
3rd throughthe 7th generatiorafter crossing.

Small plots. Promising lines selected from progeny rows are grown in 4 by 6
ft or 2 by 4 ft plotsfor further screeninggevaluation,andseedincrease.

Preliminary Yield Tests The best small plot entries are grown in
replicated 12 by 15 ft plots at two seeding dates and evaluated for
agronomicandquality traits.

Statewide Yield Tests Outstanding preliminary vyield test entries are
grown in yield tests at several onfarm locations by UCCE and also at
RES. Information on adaptability, agronomic performance, and quality traits is
collectedin thesetests.

Headrows. Individual panicles of superior lines are planted in individual
rows for purification andseel increaseaspotentialnew varieties.

. Breeder seed Headrow seed of varieties and experimental lines is
grown in isolation and carefully inspected to maintain its purity to
produce breeder seed. Breeder seed is the pure seed source planted each
yearto producefoundationseed.
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STATEWIDE YIELD TESTS

Agronomic performance and
adaptation of advancedselections from
the breedingprogramwere determinedin
multi-location yield tests.Thesetestsare
conductedannually in grower fields by
UCCE and at RES. The 2004 Statewide
Yield Tests were conducted at eight
locations in commercial fields by Mr.
Raymond L. Wennig, Mr. W. Michael
Canevari, Dr. Randall G. Mutters, Dr.
James E. Hill, and Dr. Chris Greer.
Advanced selectionswere testedin one
of the three maturity groups: very early,
early, or intermediate to late with
standard check varieties included for
comparison. Each maturity group was
subdivided into an advanced and
preliminary experiment. The advanced
entries and checks had four replicatiors
and the preliminary entries had two
replications.Plots were combinesize (10
by 20ft) and the experimental designs
wererandomizedcompleteblocks.

All these advancedlarge plot entries
were also testedat RES in a randomized
completeblock designwith two planting
datesandtwo replications.The first large
plot seedingdatesat RESwere May 10 to
14,2004 with the two replicationsseeded
May 26 and27, 2004.

The plot size was 12 by 15 ft with the
center10 ft combine harvested(150 ft?).
Water seedng and conventional
managemenpracticeswere usedin these
experiments Ordram® was usedfor grass
control. Shark"/Londax® (Direct Stream
Application) was applied for broadleaf
weed control. Two applications of
Dimilin £ were applied for rice water
weevil control.

Tables 1 to 6 contain a summary of
performanceinformation from the 2004
Statewide Yield Tests. Yields are
reportedas paddyrice in poundsper acre
at 14% moisture. Experimental yields
may be higher than commercial field
yields becauseof the influence of alleys,
border effects, levees, roadways, and
other environmental factors. Disease
scores for stem rot (SR) are averages
from the inoculatedRES diseasenursery.
The entries that performed well will be
advanced for further testing in 2005.
Complete results of the 2004 Statewide
Yield Tests are reported by UCCE in
"California Rice Varieties Description
and PerformanceSummary of 2004 and
Multiyear Statewide Rice Variety Tests
in California” 2004 Agronomy Progress
Report,UCD. u
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Table 1. Agronomic performancemeansof very early advancedentries in Statewide
Yield Testsat RES andoverlocation meanyields at SanJoaquin,Sutter, Yolo, andRES
locationsin 2004.

Entry Identity Typet SVi Days8 Ht. Lodge SRY ---Grain Yield#---
Number (cm) (%) RES State
15 99Y469 L 4.6 79 86 28 9.1 10930 9600

13 L204 L 4.8 84 87 1 7.2 10830 9840

14 L205 LR 4.7 85 99 56 8.7 10350 9520

10 M206 M 4.8 80 105 43 7.2 10210 9850

18 02Y505 LR 4.4 85 97 6 8.1 9920 9400

17 02Y045 L 4.7 79 97 33 8.6 9870 9800

2 S102 S 4.9 77 107 92 8.9 9620 9740

4 01Y185  SPQ 4.9 82 101 93 6.8 9610 9540

7 M103 M 4.8 77 101 99 8.7 9380 9200

8 M104 M 4.9 75 95 94 9.0 9380 9660

16 01Y451 LR 4.7 76 104 89 8.9 9120 9640

9 M202 M 4.8 89 103 81 6.5 9050 9560

5 03Y170 SPQ 4.7 80 95 94 8.3 8910 8930

11 00Y805 M 4.9 82 101 69 8.5 8830 9050

6 02Y210 WX 4.7 79 106 98 9.1 8780 9700

3 02Y171  SPQ 4.9 75 94 98 9.0 8340 8970

12 02Y816 M 438 86 106 86 7.6 8310 9120

1 CM101 w 4.8 79 101 96 8.6 8150 9250
Mean 4.8 80 99 70 9420 9470
LSD(0.05) 0.1 4 5 26 1130 370
C.V. (%) 2 35 32 27 8.4 5.6

T L=long grain, LR=Rexmonttype, M=medium grain, MPQ=premiumgquality mediumgrain, S=shortgrain,
SPQ=premiunmuality shortgrain,andW=waxy.

T SV=seeding vigor scorewhere1=poorand5=excellent.

§ Daysto 50% heading.

1 SR=stenrot scorewhere 0=nodamageand 10=plantkilled.

# Paddyrice yield in Ib/acreat 14% moisture.

10



2004 RESProgresReport

Table 2. Agronomic performancemeansof very early preliminary entriesin Staewide
Yield Testsat RES andoverlocation meanyields at SanJoaquin,Sutter, Yolo, andRES
locationsin 2004.

Entry Identity Typet SVi Days§ Ht. Lodge SRY ---GrainYield#---
Number (cm) (%) RES State
47 02Y516 L 4.4 82 103 16 7.3 11180 9740

48 02Y519 LR 4.8 81 98 5 7.5 11080 9790

33 03Y283 M 4.8 84 101 20 9.0 11020 9470

42 02Y565 SR 4.7 88 96 1 7.2 10640 9800

45 03Y467 LR 4.8 79 97 36 8.6 10610 9540

44 03Y457 LR 4.7 81 106 25 8.4 10590 9430

35 03Y259 M 4.7 84 98 35 6.5 10520 9420

22 03Y177 S 45 80 99 58 7.3 10360 9440

21 03Y167 SPQ 4.7 80 97 21 5.9 10170 9190

46 03Y479 LR 49 85 93 1 7.0 10130 9170

43 03Y454 L 4.6 83 97 1 6.8 9960 9210

41 03Y878 M 4.8 83 100 85 7.6 9800 9470

20 03Y166 SPQ 4.7 79 95 44 6.7 9770 9440

37 03Y804 M 49 78 104 80 7.2 9620 9340

32 03Y235 M 4.8 81 102 54 7.7 9420 9700

19 03Y164 SPQ 4.7 81 94 55 6.6 9380 9600

36 03Y270 M 4.6 79 104 89 8.7 9310 9260

30 03Y253 M 4.6 79 104 76 8.7 9280 9410

34 03Y249 M 49 79 99 68 7.1 9270 9480

29 03Y231 M 4.8 77 104 73 8.3 9220 9590

23 03Y183 S 47 81 103 86 7.3 9210 9750

26 02Y172 SPQ 4.9 85 103 61 7.6 9210 9340

31 03Y254 M 4.8 78 105 89 8.7 9130 9760

49 03Y485 BA 49 79 98 15 6.8 8910 7680

24 01Y295 MPQ 4.8 84 106 79 6.6 8770 9070

40 03Y853 M 49 78 100 91 6.5 8720 9240

38 03Y805 M 4.9 77 97 70 7.5 8650 8530

39 03Y851 M 4.8 79 103 96 8.9 8630 9250

28 03Y227 M 4.8 75 98 87 9.0 8610 9370

27 03Y205 MPQ 4.9 78 106 91 8.9 8380 8940

25 01Y195 MPQ 4.9 79 105 89 7.1 8300 9260

50 03Y486 BA 49 80 109 86 83 7680 7620
Mean 4.7 80 101 55 9550 9290
LSD(0.05) 0.2 3 6 23 1420 680
C.V. (%) 2.6 29 4.2 30 10.6 7.4

t BA=basmati,L=long grain, LR=Rexmonttype, M=medium grain, MPQ=premiumquality medium
grain, S=shortgrain, SPQ=premiunmuality shortgrain, SR=stenrot resistantand W=waxy.

T SV=seedlingvigor scorewhere 1=poorand5=excellent.

§ Daysto 50% heading.

1 SR=stenrot scorewhere0=nodamageand 10=plantkilled.

# Paddyrice yield in Ib/acreat 14% moisture

11
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Table 3. Agronomic performancemeansof early advancedentriesin Statewide Yield
Testsat RESandover-location meanyields at Butte, Colusa,Yuba, andRESIlocationsin
2004.

Entry Identity Typet SVi Days§ Ht. Lodge SRY ---GrainYield#---
Number (cm) (%) RES State
78 99Y529 L 4.6 84 99 8 6.6 11100 9970

65 01Y327 SPQ 4.8 88 100 49 6.1 10930 9990

80 03Y113 LR 4.9 86 98 1 8.3 10570 9580

79 01Y655 LR 4.7 84 106 53 76 10270 9830

71 M205 M 4.8 90 102 73 6.8 10270 9910

75 L205 LR 4.7 82 98 54 8.9 9810 9210

68 M206 M 4.8 78 104 64 8.2 9650 9650

77 99Y041 L 4.8 86 106 71 7.9 9640 9510

70 M204 M 4.8 87 101 70 6.6 9590 9570

73 02Y382 M 4.7 85 99 55 6.8 9550 9760

69 M202 M 4.8 87 110 81 6.5 9500 9670

62 S102 S 4.9 76 104 64 8.4 9260 9460

72 00Y805 M 5 80 103 96 9.1 9020 8820

74 L204 L 4.8 81 93 11 7.3 9010 9210

67 03Y293 MPQ 438 86 107 68 7.9 8920 9340

76 CT201 BA 5 86 104 6 8.1 8500 7760

61 CM101 W 4.8 77 103 73 7.5 8370 8670

63 CH201 SPQ 5 85 98 69 9.2 8120 8530

66 03Y291 MPQ 438 85 101 89 6.9 7970 9440

64 BL-1 SPQ 49 83 97 64 9.7 7030 7500
Mean 4.8 84 101 56 9350 9270
LSD(0.05) 0.1 3.5 4.7 26 1130 450
C.V. (%) 1.9 29 33 33 8.5 7.0

Tt BA=basmati,L=long grain, LR=Rexmonttype, M=mediumgrain, MPQ=premium quality medium
grain, S=shortgrain, SPQ=premiunquality shortgrain, and W=waxy.

F SV=seedlingvigor scorewherel=poorand5=excellent.

§ Daysto 50% heading.

9 SR=stenrot scorewhere0=no damageand 10=plantkilled.

# Paddyrice yield in Ib/acreat 14% moisture.
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Table 4. Agronomic performancemeansof early preliminary entriesin StatewideYield
Testsat RESandover-location meanyields at Butte, Colusa,Yuba, andRESIocationsin
2004.

Entry Identity Typet Svi Days§ HLt Lodge SRY  ---GrainYield#--
Number (cm) (%) RES State
109 01Y502 SR 4.7 81 93 1 6.3 10990 9830
112 02Y565 SR 4.7 85 97 1 6.7 10430 9760
110 01Y110 LR 4.7 81 98 19 6.9 10370 9430
97 03Y631 M 4.7 86 99 40 7.7 10330 9560
91 03Y269 M 4.9 78 102 83 8.7 10320 9330
90 03Y263 M 4.9 82 95 71 6.9 10150 9260
88 03Y322 S 4.8 83 102 69 6.3 10140 9520
108 03Y496 SR 4.6 84 99 1 8.6 10110 9680
105 03P2659 LR 4.9 86 96 7 6.7 10090 9600
94 03Y366 M 4.8 83 95 55 7.2 10090 9450
101 03Y843 M 4.7 82 99 14 7.8 9870 8990
107 03Y508 LR 4.7 86 91 6 7.1 9780 8480
96 03Y406 M 4.7 81 99 56 7.6 9450 9780
87 03Y316 SPQ 48 85 101 50 5.8 9400 9760
104 03P2666 LR 4.8 83 103 60 6.5 9380 8810
93 03Y361 M 4.8 80 96 58 6.2 9380 9270
92 03Y273 M 4.9 82 99 63 7.3 9260 9490
98 03Y388 M 5 78 106 71 6.2 9240 8850
83 02Y308 MPQ 4.8 84 101 83 7.9 9180 9740
100 03Y818 M 4.7 81 98 60 7.9 9160 9120
102 03Y845 M 4.8 78 100 46 7.4 9140 8560
95 03Y369 M 4.8 78 103 71 8.9 9140 9090
99 03Y689 M 4.8 75 99 64 7.1 9080 8700
89 03Y332 SR 4.6 84 97 30 6.7 8990 8150
103 03Y902 M 4.6 79 96 44 7.3 8940 9270
86 03Y295 MPQ 438 85 102 58 6.9 8560 8240
84 03Y289 MPQ 4.7 85 98 53 8.0 8160 8410
85 02Y311 MPQ 4.9 85 106 60 6.4 7940 8180
111 03Y549 BA 4.8 92 99 32 7.3 7880 7340
82 02Y343 SPQ 4.9 86 100 75 9.2 7830 8190
81 03Y081 SPQ 4.9 83 98 55 9.2 7500 7430
106 02Y724 BA 4.8 86 94 37 6.4 7180 6420
Mean 4.8 83 99 45 9300 8930
LSD(0.05) 0.1 4 5 25 1260 610
C.V. (%) 2.1 3 3.7 39 9.6 6.9

t BA=basmati,BG=bold grain, L=long grain, LR=Rexmonttype, M=mediumgrain, MPQ=premium
quality mediumgrain, SPQ=premiunmguality shortgrain, and SR=stenrot resistant.

} SV=seedlingvigor scorewhere1=poorand5=excellent.

§ Daysto 50% heading.

1 SR=stenrot scorewhere0=nodamageand 10=plantkilled.

# Paddyrice yield in Ib/acreat 14% moisture.

13
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Table 5. Agronomic performancemeansof intermediateto late advancecdentriesin
StatewideYield Testsat RESandoverlocation meanyields at Glenn, Sutter,andRES
locationsin 2004.

Entry Identity Typet SVi Days§ Ht. Lodge SRY ---GrainYield#---
Number (cm) (%) RES State
125 03Y324 S 4.6 85 104 14 6.4 12460 10820
126 03Y576 SR 45 90 106 11 55 11220 10680
133 03Y151 LR 4.7 85 89 2 7.5 11070 10660
129 01Y617 M 4.8 87 101 38 84 10820 10510
132 01Y501 SR 4.6 81 92 1 7.8 10350 10800
134 03Y521 LR 4.8 84 89 1 7.5 10340 10360
127 M205 M 4.8 91 104 55 6.3 10180 10410
130 L205 LR 4.8 82 93 19 8.1 10150 10080
123 03Y559 MPQ 4.8 87 106 78 59 9780 9740
124 03Y556 MPQ 4.7 89 105 50 5.7 9480 9530
128 M202 M 4.9 88 109 75 5.7 9480 9890
121 M402 MPQ 4.9 96 104 41 5.6 9310 9530
131 CT201 BA 4.9 90 104 2 8.9 8840 8820
122 CH201 SPQ 5 87 102 97 8.5 8220 9020
Mean 4.8 87 100 34 10120 10060
LSD(0.05) 0.2 4 5 29 1520 610
C.V. (%) 2.1 3.6 3.6 59 10.5 7.5

Tt BA=basmati,L=long grain, LR=Rexmonttype, M=medium grain, MPQ=premiumquality medium
grain, S=shortgrain, SPQ=premiunmguality shortgrain, and SR=stenrot resistant.

¥ SV=seedlingvigor scorewhere 1=poorand5=excellent.

§ Daysto 50% heading.

1 SR=stenrot scorewhere0=nodamageand 10=plantkilled.

# Paddyrice yield in Ib/acreat 14% moisture.
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Table 6. Agronomic performancemeansof intermediateto late preliminary entriesin
Statewde Yield Testsat RES and over-location meanyields at Glenn, Sutter,
andRESIocationsin 2004.

Entry Identity  Typet SV Days§ Ht. Lodge SR ---GrainYield#---
Number (cm) (%) RES State
149 99Y529 L 4.8 85 101 3 7.5 11520 11590

150 99Y494 LW 5 87 96 1 6.8 11110 10860

144 03Y680 M 4.8 84 97 33 6.4 11110 10680

148 03Y888 M 4.9 89 101 27 7.9 10800 9990

142 03Y605 M 4.8 88 96 51 6.6 10730 10560

151 03Y658 L 4.7 88 96 1 6.4 10660 10360

141 03Y397 M 4.8 87 97 38 6.2 10580 10210

143 03Y411 M 4.8 86 94 55 6.7 10530 10390

146 03Y820 M 4.8 90 105 75 8.4 10340 9490

145 03Y600 M 4.8 85 94 38 6.5 10160 10210

140 03Y418 M 4.9 89 97 29 6.3 10080 10240

139 03Y407 M 4.8 88 100 58 7.8 9940 9960

135 02Y321 MPQ 4.7 88 109 53 8.2 9760 9170

136 02Y313 MPQ 4.7 89 108 73 6.6 9420 9740

138 03Y138 SPQ 49 83 100 89 7.3 9260 9090

137 02Y305 MPQ 438 85 110 89 6.7 9220 9410

147 03Y857 M 4.9 81 100 86 8.7 8740 9480

152 02Y720 BA 4.6 93 100 20 9.1 8340 8240

154 026707 BA 4.9 91 89 2 8.7 8040 7300

153 036706 BA 4.9 88 92 33 94 7570 7440
Mean 4.8 87 99 42 9900 9720
LSD(0.05) 0.1 4 5.7 30 1340 610
C.V. (%) 2 3.3 4.1 50 9.5 55

t BA=basmati,L=long grain, LR=Rexmonttype, M=medium grain, MPQ=premiumquality medium
grain, SPQ=premiurmuality shortgrain, LW=long grain waxy, and SR=stenrot resistant.

1 SV=seedlingvigor scorewhere1=poorand5=excellent.

§ Daysto 50% heading.

1 SR=stenrot scorewhere0=nodamageand 10=plantkilled.

# Paddyrice yield in Ib/acreat 14% moisture.
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PRELIMINARY YIELD TESTS

Preliminary Yield Testsare the initial
step of replicated large plot testing for
experimental lines. The experimental
design, plot size, and production
practices are identical to the Statewide
Yield Testsgrown at RES.A summaryof
the yields of 2004 Preliminary Yield
Testsis presentedn Table 7. Thesetests
included 783 entriesandcheckvarieties.

Resultsin Table 7 showthat yields of
the top experimentallines comparewell
with the check varieties. Agronomic and
quality information will be combined
with cold toleranceand diseasescreening
information to identify superior entries
for further testingandadvancemento the
2005 StatewideYield Tests.u

Table 7. Summaryof Preliminary Yield Testsat RESin 2004.

Test Number All Highest Top5 Check
Ll = e — AverageYield (Ib/acre)f------------====------

Very early

Shortgrains 63 9770 12320 11790 10870

Medium grains(A) 30 10070 11630 11050 10270

Medium grains(B) 41 10000 11740 11540 11220

Longgrains 75 9420 11610 11080 9910
Early

Shortgrains 72 9190 10770 10600 9920

Medium grains(A) 52 9850 11110 10810 10280

Medium grains(B) 51 9740 11310 10040 11100

Longgrains 68 9270 10940 10740 9140
IntermedateLate

Shortgrains 34 9330 11290 10700 9740

Medium grains 46 10290 11250 11170 11150

Long grains 30 8580 10380 10180 9840
Special(1 rep)

Medium grains(Blast) 221 9770 13320 12090 10750

T Paddyrice yield at 14% moisture.
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CAL ROSE MEDIUM GRAINS

Carl W. Johnson

Calrose mediumgrain  (CRMG)
breeding continues to incorporate
improved characteristicsinto varieties
for present and future markets. High
stable yield potential, resistance to
lodging and disease, seedling vigor,
improved milling yields, and resistance
to cold temperatureblanking are a few
of thegoals.

Efforts to incorporateblast resistance
into CRMG’s began in 1996 with
crosses involving various cultivars
(Southern and foreign) with various
genesresistant to the California 1G-1
race. In every greenhouse crossing
season (summer and winter) resistant
material from original crossesplus new
sourcescontinue to be backcrossedto
adaptedgermplasm.The Hawaii Winter
Nursery, winter greenhouse, and
modified breeding procedures were
utilized to advanceresistantlines. These
efforts haveresultedin the experimental
CRMG line 00-Y-805 with Pi-z blast
resistantgeneand its anticipatedrelease
as‘M-207’ in springof 2005.

In the breeding process,the number
of pedigrees that are advanced is
reduced at each generation by the
selection process.This may narrow the
genetic base and increase the risk of
geneticvulnerability. To reducethis risk,
California long grains, premium quality
medium grains, and other promising
plant introductions from China continue
to be used as parentsin the medium
grain project. Eighty-five back crosses
were made with high yielding Chinese
introductions with IG-1 blast resistance
in 2003. In 2004, five F; populations
derived from backcrosses to these
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original crosseswere included in the
Hawaii Winter Nursery.

Plant breeding is a process that
involves production of geneticvariation
andrequirestime. Integrationof old and
new techniques, elimination of
undesirablegenotypesandidentification
of superioronesfor California’s unique
environment is a continuing process.
Progress in vyield improvement, for
example, is illustrated by the higher
yields of the experimental entries than
the highestyielding checkvariety (Table
7).

Calrose Medium Grain Quality

California’s mediumgrain market
was developedusing the variety Calrose
released in 1948. The name “rose”
indicatesmedium-grain shapeand “Cal’
to indicate California origin and
production. Specific processing and
cooking propertieswere assocated with
Calrose. Over the years new varieties
with the same cooking properties as
Calrose were released.These medium
grainswere commingledwith Calrosein
storageand later replacedthe variety in
commercial production. Calrose, as a
market class,was establishedandis still
usedto identify California mediumgrain
quality. Physicochemical and cooking
tests are used to screen experimental
entries and verify that new medium
grain variety releaseshave acceptable
Calrose cooking and processing
characteistics.
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M-206

M-206 was releasedto growers for
registered seed production in 2003. It
wasgrown on over 30,000acresin 2004.
Comments, observations, and
performance from a variety of
information sourcesareasfollows:

1) M-206 field yields are equal or
superiorto M-202.

2) M-206 has exhibited the potential
for whole grain headrice improvement
of 1-2 pointsmorethanM-202.

3) M-206 is more synchronousin
headingthan M-202 (shorterdurationfor
flowering duration).

4) M-206 panicles are more visible
than other CRMG varieties (on top of
plant canopy) giving the impression of
underfertilization which generallyis not
the case.

5) M-206 is adaptedto the entire rice
growing region and serveswell as a
companionto other CRMG varieties to
spreadharvest

6) Preliminary field observations
indicate a similar reaction to blast like
M-202in blastproblemfields andnot as
susceptibleasM-104 andM-205.

7) Multi -year moisture measurements
and grower commentsconfirm that most
M-206 fields dry down rate slows and
remainsrelatively constant3-5 daysin
the moisturerange24 to 20 percent.This
IS in contrast to most CRMG'’s that
continueto dry down.

Experimental 00-Y-805

00-Y-805 is being proposed as a
varietal releasein 2005 named M-207.
Its anticipated final confirmation will
occur in early February. The following
describes in  summary form the
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background, agronomic charactersand
proposedareaof adaptation.

00-Y-805 (01-Y-34, 02-Y-13, 04-Y-
11, 04-Y-72) is a very early to early
maturing, smooth, high yielding,
semidwarf, CRMG rice with blast
resistanceto the California race IG-1
derived from the Pi-z gene.lts pedigree
is Fy (Lafitte/93-Y-82)//IM-202 (cross
R22821 made in 1997 summer
greenhouse).  Lafitte (P1593690=
Mercury//Mercury/Koshihikari) is a
mediumgrain variety released by
Louisiana State University no longer in
commercial production and was the
sourcefor Pi-z blastgeneresistance93-
Y-82 (experimental designation 92-Y -
624) was a nonreleasedmediumgrain
whose pedigree is
Calpearl/3/M7/M9//IM7/4Calpearl.

00-Y-805 is essentially an M-202
agronomic type CRMG that is 4 days
earlier, lodges 10% more, dries down
faster, and has 1-2 points lesstotal and
whole grain milled rice when compared
to M-202 (Table 8). Over 4 years of
statewidetestingits yield performanceis
similar to M-202. 00-Y-805 if released
would bethe first CRMG with resistance
to racelG-1 of blastfound in California.
Resistance has been confirmed by
multiple greenhouse and molecular
markertests.The Pi-z genepresencehas
been confirmed and rated fixed by two
different molecular labs using different
markers. 00-Y-805 can be commingled
with other CRMG'’s, with similar size,
shape,and weight; has similar chemical
kernel starchcharactersandjudgedvery
similar to M-206 and M-202 in visual,
cooking, andtasteevaluationsby various
milling and marketingorganizationsand
individual evaluators.
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Table 8. Agronomic characteristicmeansof M-206, 00-Y-805, and M-202 from very
early & early groupsof the StatewideYield Testsfor 2001to 2004.

Character M-206 00-Y-805 M-202
SeedlingVigor Score 4.9 4.8 4.9
Daysto 50% Heading 83 84* 88
PlantHeight (cm) 97 97 98
Lodging (%) 30 50 40
Greenhouselanking (%) 8 16 15
Blanking at Davis (%) 11 15 18
Blanking at SanJoaquin(%b) 6 11 12
Overall Blanking (%) 8 14 15
StemRot Score 6.2 7.2 6.0
HarvestMoisture (%) 20.7 18.6 20.9
Yield Ibs/acre@ 14 % 9187 8791 8901
Total Milled Rice (%) 68.9 67.2 68.5
Whole Grain Milled Rice (%) 65.3 62.6 63.6
1000Brown Rice Kernel Weight (g) 25.0 22.8 24.2
Brown Rice Kernel Length (mm) 6.1 6.25 6.01
BR Brown Rice Kernel Width (mm) 2.79 2.65 2.84
Brown rice Length/Width Ratio 2.19 2.35 2.12
ApparentAmylose Content(%) 18.0 16.5 16.5
Alkali SpreadingScore(1.7%KO0OH) 6.7 6.7 6.9

* = Significantly different thanM-202 atthe 0.05level.

Table 9. StatewideYield Testover location yield averagesof M-206, 00-Y-805, and M-
202for 2001to 2004.t

Year StatewideTestGroup M-206 00-Y-805 M-202
2001 Very Early 9150 8750 8610
2002 Very Early 9660 9300 9020
2003 Very Early 8680 8460 8340
2003 Early 8130 8360 8210
2004 Very Early 9853 9051 9558
2004 Early 9653 8822 9668
2004 Strip Trial 10060 9665 9463
Mean 9312 8915 8981

T Pounds/acret 14.0% moisture

00-Y-805 is adaptedto all growing areasin Glenn and Colusacountiesthat
areasput it is specifically beingreleased have fields with reoccurring blast
as an alternative to CRMG’s in those damage.A dtrip trial in the blast area
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confirmed that 00-Y-805 can yield with

M-202 (Table 9). UCCE Statewide
Yield Testdatasuggestdhat most other
production areashave better alternatives
to 00-Y-805. 00-Y-805 could serveasa
variety that fills the industry need for

future blast outbreaks, provides a blast
resistantvariety for problem areas,and
may minimize future widespread
outbreaksof blast. Care should be taken
to avoid overfertilization to reduce
lodging and diseasepressureHarvesting
should be done at 18-25% moisture to

improve head rice potential. Test data
indicates 00-Y-805 dries down faster
thanM-206 andM-202.

Promising Medium-Grain Entries

Medium-grain experimentalentriesin
the very early group of the Statewide
Yield Tests ranged from M-103 to
M-202 in maturity (Tables 1 and 2).
Grain filling duration and rate of dry-
down-to-harvest varied among
experimental entries, thus moisture at
harvest was used as an indicator of
maturity. Harvestmoisture valuesat the
cool (Yolo), cooler (Sutter), and cold
(San Joaquin) locations are useful in
eliminating entries that show low
temperature delayed maturity or
blankingin high N environments.

A number of CRMG lines in the
Statewide Yield Tests, very early and
early groups, have harvest moistures
lower than M-202. The lower moistures
resulted from selection for earlier
heading dates and/or more uniform
flowering that contributedto fasterdry-
down rates in ripening. Selection for
improved lodging resistance, seedling
vigor and milling yield is continuing
Increasedemphasisin developing rice
varieties with blast resistance has
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produced a large volume of breeding
materials. Fifteen CRMG blast resistant
entrieswere evaluated(7 in VE, 5in E,
and 3 in I-L). In general,these entries
did not have the overdl yield stability
required by California mediumgrain
varieties. Pendingfinal review of 2004
dataandquality tests,only 1 or 2 CRMG
blast resistantentrieswill be re-testedin
2004.

02-Y-816 is a blast resistant, early,
smooth, high vyielding, semidwaf
CRMG. 02-Y-816 positive attributesare
resistanceto lodging and milling (whole
grain andtotal) similar to M-202andhas
improvements over 00-Y-805. Two
yearstesting in the very early group of
the StatewideYield Testssuggestst has
M-202 area of adaptation. It will be
testedin 2005in the early group aswell
that should provide the necessary
information to considerits releaseand a
seedincreases beingplannedfor 2005.

Preliminary Yield Test
Entries in Hawalii

There are 26 CRMG entries from
2004 vyield tests being grown in the
Hawaii Winter Nursery for purification,
seedincrease,and additional agronomic
evaluation (Table 10). Maturities of
these entries range from M-103 to
M-205. Theseentries have greateryield
potential than their respective highest
yielding maturity checks. Their lodging
resistance is superior to M-202 and
quality is equalto or betterthan M-202.
There are 13 regular CRMG’s without
blast resistanceand 13 CRMG’s with
blastresistance.
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Blast Resistance

RES generated, southern U.S., and
foreign germplasm with confirmed
resistanceto 1G-1 continueto be crossed
with adapted California germplasm.
Experienceindicatesit will takethreeto
five backcrossego obtain a respectable
high vyielding mediumgrain with
Calrose cooking qualities. Twenty-four
percent (97 of 400) of the CRMG
crosseswere blast related. Thirty-three
percentof CRMG 200405 Hawaii rows
(885 rows) were blast related and
included 94 pedigrees.

A Special Test of blast resistant
entrieswas conductedat RES (Table 7)
and summarizedin Table 11. Breeding
efforts have overcome the 30% vyield
drag, higher blanking levels, and lower
milling yields, and have produced
improved experimentallines with blast
resistance. There are 13 entries with
blast resistancethat yielded more (up to

21%) than highestCRMG checkM-206.
The 67% discard rate of experimental
lines attests to the challenges of
developing adaptedblast resistantlines
in the CRMG. The savedentries range
from M-104 to M-202 maturities. Each
generation of blast materials show
increasesin resistanceto blanking and
improved headrice. Thirteen of the blast
resistantlines have sufficient agronomic
merit and are being advancedn Hawaii
for testingin 2005.

Another yield test with selected
entries from 1297 rows is planned for
2005. Greenhousetests confirm they
have at least one gene for blast
resistance. The performance of these
entries suggestghat more CRMGs with
blast resistancewill be in somestageof
seedincreasein the next five years.The
blast gere incorporation is one of the
most exciting areasof CRMG research
for vyield and quality advances.

Table 10. Preliminary Yield TestCalrosemediumgrain entriesselectedandadvancedn

200405 Hawaii Winter Nursery.

Source No. of Entries No. Selected No. in Hawaii
All entries 441 183 20
Stemrot 7 4 1
Seedlingvigor 2 0 0
Blastresistance 225 76 13

Table 11. Meanandyield rangesfor entriesfrom the SpecialTestin 2004.+

Descriptior Yield Range
27 checks 9729 533511045
12 Hawaii blastresistantentries 11184 987713334
All blastentries 9770 533513334
Top 5 blastsaved 12014 1157213324

tSinglereplicationlarge plot yieldsin Ib/acreat 14% moisture.
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Herbicide Resistance

Several crossesmade onto herbicide
resstant Clearfield® rice germplasm
were advancedVisual evaluationof the
plant growth characteristicandicate that
it may take a long time to transfer this
non-transgeniccharacteristicinto a high
yielding CRMG. Remaining lines were
screened at the cold San Joaquin
location. In addition, weedsresistantto
this herbicide are already present in
California. No breeding research was
conducted on transgenic herbicide
resistantM-202in 2004 by RES.

Milling Quality

Selection for grain quality factors
continuesto be an integral part of the
RES mediumgrain breeding effort.
Increasedemphasishas been placed on
identifying experimental lines with
improved milling yields. Headrice yield
is one of the important criteria for
advancing a breeding line. New
techniques and procedures are being
used as they are developed. Harvest
moisture, plant density, and
morphological  characteristics are
continually being examinedto determine
their effects on miling vyield.
Characteristics identified in superior
head rice lines and their progeny
continue to be evaluated as selection
criteria. to help expedite breeding
progresdor milling yield.

Milling testsfor CRMG lines begin
on entriesin the Preliminary Yield Tests.
There were 441 entries at this stagein
2004. Thirty-eight of the 183 saved
entries had headrice similar to the best
CRMG check. The current standard
bearersfor bestheadrice checksare M-
103, M-206,andM-205. Forty-one of 76
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advancing blast entries had head rice
equalto or 3 points higher than M-202.
Thereis a significant tendencyfor lower
yielding entriesto have higher headrice
values but there are exceptions for
several of the higher yielding entries.
Progressis being madeto improve and
maintainhigh headrice yield.

Advanced experimental lines in the
secondyear of statewidetesting and/or
at the breeder increase stage were
evaluatedfor headand total milled rice.
Samples were collected from seed
increase fields and side by side
experimental plots for comparisonwith
standardvarieties.Milling sampleswere
harvested twice a week from these
experimentsas the grain moisture levels
decreasedrom 25 to 17%. In addition,
all other CRMG experimentallines plus
check mediumgrain entries in the
Statewide Yield Tests were grown in
adjacent triplicate rows. The first row
was harvested45 daysafter heading;the
second row was harvested one week
later; and the last row harvested5 to 8
days later. Thesesampleswere usedto
determineaverageheadand total milled
rice at high (23 to 25%), intermediate
(19 to 21 %), andlow (16 to 17%) grain
harvest moistures. Selection for head
and total milled rice using multiyear
results continues to be successful
assuring that future releaseswill have
the potentialfor improvedheadrice.

The environmental effects on head
rice yield vary everyyear. An important
breeding goal is to minimize these
environmental influences by selecting
for  various genetic characters
influencing head rice. Ninety-nine
percent of milling rows for statewide
and preliminary test headedin a 10 day
period. No particular trendswere noted.
In previous yearsthe dry down rate in



2004 RESProgresReport

VESW test (particularly San Joaquin)
hasprovento be a usefultool. The 2004
excellent growing seasonwith minimal

cool periodsandall of off stationVESW
trials were cut at low harvestmoistures
providing little information on dry down
rate. In previous yearsit was noted a
fasterdry down rate in majority of blast
entries but this was not observed in

2004.

SR Resistance

Increased effort in breeding for
improved SR resistance continues to
obtain only M-201 level of resistancen
adaptedCRMG. The breeding pipeline
continuesto utilize more resistantlines
from the shortgrain and long-grain
projects. Lines with reasonable
agronomic performance show average
SR scores only a half point below
M-201. Poor seedlingvigor, high floret
blanking, and low yield performanceare
also strongly associatedwith low SR
scoresn CRMG germplasm.

There appearsto be a barrier to
recovery of high vyield, blanking
resistance and earlinessin combination
with high SR resistancein CRMGs.
General plant health at harvest has
always been an important selection
criterion for lodging and indirectly has
influenced SR scores in a positive
manner.Until SR resistantCRMGs are
available as building block germplasm,
selectionwill focuson a combinationof
SR score(35 daysafter heading)andthe
ability of all tillers to stay green
(observedat 55 daysafter heading).

Other Activities
Efforts to transfer high levels of

seedlingvigor continueto be decreased
because of higher priority of blast

resistance.Progresshas been made in

improving ~ straw  strength  with

experimental lines having lodging

resistancesqualto or betterthan M-204.

This representgprogressover M-103 and

M-202 lodging scores Resistanceo low

temperature blanking continues to be

screenedin the refrigerated greenhouse
and in cool and cold locations. The re-

established San Joaquin nursery
continuesto provide importantscreening
charactersfor yield test entries, early

generdaion and F, nursery (blanking,

maturity delay, adaptation,awns,growth

response,and emergence).To increase
the genetic diversity of CRMG

germplasm, five backcrosspopulations
involving Chinese introductions have

beenidentified and are being advanced
in the Hawaii Winter Nursery.

2004 Project Summary

1. M-206, releasedto growersin 2003
was widely grown and performed very
well.

2. 00-Y-805 is being proposed for
releasein 2005 as M-207. It is a very-
early to early CRMG with 1G-1 blast
resistance, adapted to all CRMG
growing areas,but is being releasedasa
CRMG alternative for those areaswith

rice blastdiseaseproblems.

3. Fast track efforts to develop other
CRMG Dblast resistance varieties
continue. 02-Y-816 is a promising line

and others are being advaned in

Hawaii.

4. Other CRMG breeding and research
activities were continued including
searching for significantly lower SR
scoresin high yielding CRMG, milling

and dry down studies, as well as the
introgressionof new germplasm.
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2004 ResearchDirection

1. Tentative strip trials for 02-Y-816
blast entry will be comparedto 00-Y-
805, M-206 and M-202 in severalfields
that have had some degree of blast
damageevery year. Yield performance
and milling quality will determineif it
will bereleased.

2. Continue fast track developmentof
CRMG varietal developmentwith blast
resistanceo includeyield, headrice and
cooking evaluation. Special blast yield
trial results indicate there could be
another5-7% yield increase Planfor the
useof DNA markersin early geneation
blastselectionif feasible.
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3. Incorporate new germplasmfor SR
and sheath spot resistancefrom other
RES projectsand usinga combinationof
low SR score and stay green types as
selectioncriterion.

4. Continue the evaluation of blast
resistance entries for faster dry down
rates.

5. CRMG variety development will
continue evaluating CRMG materials
that are in the breedingpipeline that do
not have blast resistance but have
significant improvementsfor beneficial
agronomicandquality traits.

6. Continue evaludion and
introgression of Chinese introduction
backcrosses.
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LONG GRAINS

Farman Jodari

The long-grain breeding project
continues its research and breeding
efforts to develop superior long-grain
varieties of four major quality types for
California, including 1) Conventional
long grain, 2) Newrex, 3) Jasmine,and
4) Basmati types. Milling and cooking
quality improvements of conventional
long-grain and specialty types remain a
major priority objective in this program
followed by resistanceto cold induced
blanking and other agronomic and
diseaseesistancadraits.

Conventional Long Grain

The long-grain rice marketin US is
based on quality characteristics of
SouthernUS varieties. Cooking quality
of these conventional long grains are
characterized, for the most part, by
intermediateamylosecontent( 21 to 23
%), intermediate gelatinization
temperaturg(alkali spreadingvalue of 3
to 5), and a moderateviscogramprofile.
California long-grain varieties have
improved considerablyin recentyearsin
cooking quality componentsL-204, has
an intermediate amylose and gel type
and moderate viscogram profile. A
subtle difference still exists in softness
of cooked rice of L-204 and Southern
long grain. Extensive quality research
and breeding efforts are underway to
addressthis issue in future long-grain
varieties.

Conventional California long-grain
varieties possess superior agronomic
traits. They have excellent plant type,
lodging resistance, grain yield, and
seedlingvigor. Improvementsin milling
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gualities ard cold tolerance are getting
major emphasis in the long-grain
project. Research is underway for
evaluationand improvementof cooking
quality of conventionallong grains. This
includes use of amylose, gel
temperature, viscogram, and sensory
information in addition to grain physical
characteristics.

DNA marker technology is also
being used at a limited scale for
determinationor verification of amylose
types amongconventionaland Rexmont
typelong grains.

During the 2004 seasonatotal of 109
advanced conventional long-grain
selectionswere testedin statewide and
preliminary yield tests. Performance
results of a selected number of these
entriesarelisted in Table12. The overall
yields in 2004 for all long grains were
lower than expecteddue to an exterded
mild weather conditions during the
growing season. Several long-grain
entries including 99-Y-529, 02-Y-516,
99Y-41, and 03Y-658 vyielded
significantly higher than L-204. Milling
yields in these entries remained high,
which was also a function of mild
temperaturesduring grain filling stage.
Two entries, 99-Y-469 and 99-Y-041,
were grown in 2004 headrow blocks.
Both experimental lines have yielded
consistentlyhigher than L-204 in 1999
2004 Statewide Yield Tests. Cooking
quality testsof both lines have showna
significant improvement over L-204.
Experimental line 99-Y-469 is being
increasedfor possible release pending
results from further quality testing and
statewide yield performance trials in
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2005. Experimental line 01-Y-502 is a
SR resistant line that has also shown
very high vyield potential, although
milling yield of this line has been
somewhatlower than L-204. A selected
number of long-grain germplasmlines
from southern US breeding programs

and indica introductions from USDA-
ARS Dale Bumpers National Rice
ResearchCenterwere usedin a crossing
program for blast resistance, cooking
quality, and milling quality
improvements.

Table 12. Performanceof conventionallong-grain entriesin 2004yield andmilling tests.

Entryt Identity - Yield (Ib/acre)t----- Blanking HeadRice
Statewide RES (%) (%)
Very Early Statewide
47 02Y516 9880 11180 10 65
15 99Y469 10010 10930 5 65
42 02Y565 10150 10640 5 58
17 02Y045 9730 9870 10 61
13 L-204 10120 10830 8 65
Early Statewide
78 99Y529 9970 11100 10 67
109 01Y502 9830 10980 8 64
112 02Y565 9760 10430 10 57
77 99Y041 9510 9640 8 63
74 L-204 9210 9010 15 64
IntermediateStatewide
149 99Y529 11590 11520 5 66
151 03Y658 10360 11010 10 62
132 01Y501 10800 10350 25 61
130 L-205 10080 10150 5 64
Very Early Preliminary
506 03P2854 - 11610 8 64
508 03P2933 - 11140 10 65
473 L-204 -- 10260 8 66
Early Preliminary
564 03Y539 - 10940 30 65
563 03Y537 -- 10880 8 65
547 L-204 -- 9210 15 66
IntermediatePreliminary
704 03P2432 -- 10380 10 63
710 03P3012 -- 10100 15 59
695 L-205 -- 9840 5 64

T Entries42,109, 112,132, and 704 are stemrot resistantines.

T Grainyield at 14% moisture.

Newrex Type

Newrex is specialquality rice that has
2 to 3% highe amylose contentand a
stronger viscogram profile  than
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conventional long grains. Because of
thesecharacteristicsNewrex typescook
dry, exhibit minimal solids loss during
the cooking, and are a superiortype for
canned soups, parboiling, and noodle
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making. The dry cooking characteristics
of a Newrex type variety may help
addressthe soft cooking tendency of
California grown conventional long-
grainrice.

The Newrex type variety L-205 has
shown superior processingqualities and
excellent agronomic characteistics.
Milling yield reductionsin post harvest
handling have been reported.
Madifications in miling and storage
proceduresare expectedto alleviate this
problem. L-205 is an early maturing
semidwarf. It averagedl to 2 dayslater
and4 cm taller thanL-204.1t is alsoless
susceptible to cold induced blanking.

L-205 is more likely to become
excessively leafy and lodge under
excessivenitrogen fertilization. Average
brown rice kernel weights of L-205 and
L-204 are 21.7 and 25.9 mg,
respectively.

Performanceof selectedNewrex type
entriesin 2004 yield testsare shownin
Table 13. Several experimental lines
performedwell in statewidetrials, with
grain yields, averaged over location,
ranging between 9580 and 10,660
Ib/acre compared 9630 for L-205.
Seveal entries have also shown similar
or higher headrice yields as compared
with L-205.

Table 13. Performanceof Newrextype long-grain entriesin 2004yield andmilling tests.

Entry Identity ----Yield (Ib/acre)t--- Blanking  HeadRice
Statewide RES (%) (%)
Statewide
48 02Y519 9920 11080 20 59
133 03Y151 10660 11070 10 63
45 03Y467 9900 10610 10 64
80 03Y113 9580 10570 5 63
79 01Y655 9830 10270 30 63
14 L-205 9630 10100 8 64
Preliminary
501 03P2800 - 10830 8 63
503 03P2815 -- 10740 18 59
474 02Y520 - 10370 5 60
484 03P2510 - 10270 15 66
502 03P2807 - 10230 8 61
579 03P2544 - 10160 10 63
548 L-205 - 9800 8 64

tGrainyield at 14% moisture.

Specialty Long Grains

Calmati201 is a true basmati type

aromatic long-grain variety. It possesses

extreme cooked kernel elongation and
cooking qualities that approachthose of
imported basmatirice, with slightly less
flakiness. This semidwarf variety heads
at aboutthe sametime asA-201 and an
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average of 5 days later than L-204.
Plants of Calmati201 have pubescent
leaves and hulls and occasionally short
awns. Plant height of this variety is

about 9 cm taller than L-204.
Calmati201 is susceptible to cold
induced blanking and is not

recommendedor cooler regions.Heavy
nitrogen fertilization of this variety
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should be avoided. In spite of cold
sensitivity, Calmati-201 is expectedto
perform well in warmer regions in
California especiallyfor a basmaticlass
of rice. Basmati rice yield levels are
inherently lower than standardvarieties
evenin their country of origin, primarily
dueto their small andslenderkernels.

A considerable number of basmati
lines were evaluatedin 2004 tests for
their agronomic and cooking quality
characteristics (Table 14). Seven
advanced selections with improved
cooking qualities were tested in
statewidetests.Experimentalline 04-Y -
153, has shown a significantly higher
elongation ratio, more slender grain
shape,and a more flaky cooked grain
texturethan Calmati201. This line was
purified in 2004 headrow block and is
being considered for possible release
pending results from further quality
testing and statewideyield performance
resultsin 2005

Increaseblocks of 38 basmati,aswell
as conventional type, selections were
also grown for detailed evduation of
milling quality and cooking quality
attributes. A number of basmati lines
with evenmore slendergrain and softer
grain texture are currently being
advancedin the Hawaii Winter Nursery
andwill be testedfor yield performance
in 2005. Emphasisin basmatiselections
is being placed on recovering slender
and flaky-cooking kernels with higher
elongationratios.

Efforts continued in 2004 to breed
jasmine types through pedigree and
mutation  breeding. Crosses and
backcrosseswere made with Jasmine
type material from various sources
including Southern U.S. breeding
programsand foreign introductions. The
extreme photoperiod sensitivity of the
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original KDM has been a significant
barrier. The original Thai Jasmine
variety, Kao-Dak-Mali 105 (KDM), was
irradiatedwith gammaray anda number
of early mutants, including 02-Y-710
and 02-Y-712, were obtained. These
early mutants are serving as valuable
germplasmsourcefor further agronomic
improvements.

One waxy long-grain line 99-Y-494
wastestedin 2004 Staewide Yield Tests
(Table 14). This line has significantly
out performed L-204 and L-205 and
possesses excellent agronomic and
milling characteristics.Waxy lines are
being used as donor parentsin cold
toleranceandyield improvementefforts.
Resulting waxy selections can also be
developedinto a waxy long-grain variety
if needed.

Milling quality

The milling yields of L-204, L-205,
and Calmati201 represent significant
improvement over their predecessors.
This was evident from 2004 head rice
yields for thesevarieties(Tables12-14).
Under proper harvest managementand
favorable weather conditions, these
varieties are expectedto produce high
milling yields. Continued improvement
in milling yield and milling stability of
new long-grain varieties, particularly the
Rexmonttypes, to the level of medium
grains remainsa major objective. Grain
characteristicsare being evaluated and
selected that will lend milling yield
stability to long-grain lines under
adverseweatherconditions and allow a
wider harvest window without losing
milling quality. Thesemay include hull
cover protection, grain formation, or
physicochemicalpropertiesof the grain
thatresultin fissuringresistance.
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Efforts have beeninitiated to screen
advanced breeding lines for their
resistarce to grain fissuring. RESis also
participating in 'RICECAP' project
which is a new USDA initiative with the
objective of applying genomic
discoveriesto improve milling quality
and diseaseresistancein rice. RES is
taking part in extensivefissuring studies
for this project aswell as providing and
evaluating a California long-grain
population for developing molecular
markersassociatedvith milling quality.
Further information and updateson the

statusof this 4 year project canbe found
at http://www.uark.edu/ua/ricecap/.

Information obtained from single
kernel moisture meteris also being used
at RES to evaluate the uniformity of
harvest maturity among advanced
experimentallines that will contributeto
improving headrice yields. Milling yield
potental of 38 of the most advanced
long-grain lines from the Statewide
Yield Tests were evaluated in 2004
harvestmoisture studiesin two maturity
groups.

Table 14. Performanceof specialtylong-grain entriesin 2004 yield andmilling tests.

Entry Identity Specialty ---Yield (Ib/acre)?--- Blanking HeadRice
Type Statewide RES (%) (%)
Very Early Statewide
49 03Y485 Basmati 7750 8910 50 56
50 03Y486 Basmati 7620 7550 15 57
14 L-205 Rexmont 9600 10350 5 65
Early Statewide
111 03Y549 Basnati 7340 7880 10 57
106 02Y724 Basmati 6420 7180 35 60
76 CT-201 Basmati 7760 8500 35 62
Intermediate Statewide
150 99Y494 L. Waxy 10860 11110 5 64
130 L-205 Rexmont 10080 10150 8 64
153 0267068 Basmati 7440 7570 35 62
154 0268079 Basmati 7300 8040 20 62
131 CT-201 Basmati 8820 8840 50 63
Preliminary
546 03P3442 Basmati -- 8600 15 57
545 03P3441 Basmati -- 8450 40 63
524 03P3277 Jasmine -- 10090 35 57
527 03P3282 Jasmine -- 9360 15 64
549 CT-201 Basmati -- 8180 35 63

tGrain yield at 14% moisture.
DiseaseResistance

SR resistanceoriginating from Oryza
rufipogon has been transferred to a
numberof high yielding long-grain lines.
Twenty four entrieswith a rangeof SR
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resistancewere testedin 2004 Statewide
and  Preliminaly Yield Tests.
Performance of a selected number of
theselinesis shownin Table 15. Entries
132 (01-Y-501) and 109 (01-Y-502)
have shown significant improvement
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becausethey combined low SR score,
low blanking, early maturity, and high
yield potential for the third year. Even
though SR scoresare not as low asthe
original germplasmline 87-Y-550, grain
yields of both lines are consistently
higherthansusceptiblevariety L-205.

Improvementsin milling yield, cold
tolerance, and early maturity of SR
resistantlines to the levels of L-204 and
L-205 varietiesis being pursuedthrough
further crossing and backcrossing. A
considerablenumber of early generation
SRresistantbreedinglines were selected
in 2004 in cooperation with the RES
plant pathologist.

Breeding efforts are also progressing
to develop California long-grain lines
with  resistance to rice blast.
Performanceof 2 blast resistantentries,
582 and 488 are shown in Table 15.
Southern blast resistant varieties are
donating one or two major genes
conferring resistanceto blast race 1IG-1
found in California. Cooperativeefforts
continued in 2004 with the USDA

scientists at Beaumont, TX, and UC

Davis for the developmentand use of

genetic markers for blast resistance.
DNA marker results from USDA and
phenotypic screeninginformation from

RES are currently being compared on
selected populations to determine the
feasibility and efficiency of marker
aided selection techniques within

breeding program. The new RICECAP
project grant is also contributing to

capacity building for marker aided
selection at RES and other public rice
breedingprogramsaswell asdeveloping
better markers for Blast resistanceand
othertraits.

A considerable number of early
generation blast resistant lines were
selectedin 2004 and are currently being
screenedn greenhouselasttestsby the
RES plant pathologist. Selectionswere
also made from a number of second
backcrossF, populations and F; lines
grown at the Hawaii Winter Nurseryand
UCD and San Joaquin cold tolerance
nurseries.u

Table 15. Performanceof conventionallong-grain entrieswith resistancdo stemrot or
theblastracelG-1in 2004yield andmilling tests.

Entry Identity DRt SVi Day§ Ht.  ---Yield (Ib/acre)-- SRY Blanking Head
Rice
(cm) Statewide RES (%) (%)
Statewide
132 01Y501 SR 46 81 92 10800 10350 7.8 25 61
109 01Y502 SR 47 81 93 9830 10980 6.2 8 64
112 02Y565 SR 47 85 97 9760 10430 6.7 10 57
108 03Y496 SR 46 84 99 9680 10110 8.6 12 60
75 L-205 LR 47 82 98 9650 9980 8.9 5 64
Preliminary
582 03P2633 Blast 4.6 79 99 -- 9820 95 10 64
488 03P2549 Blast 4.8 85 95 -- 9770 94 10 64
704 03P2432 SR 45 86 90 - 10380 4.4 8 63
701 03P2333 SR 45 88 93 - 10070 6.0 12 66
695 L-205 LR 4.6 79 93 - 9840 8.2 5 64

t DR=Diseaseresistanceype where SR=stenrot, Blast=blastresistantand LR=Rexmontquality.
t SV=seedlingvigor scorewherel=poorand5=excellent.
§ Daysto 50% heading.
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1 SR=stemrot scorewhere0=no damageand 10=plantkilled. (Stemrot scoresarefrom greenhouse
evaluationswith the exceptionof entries701, 704, and 695.
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PREMIUM QUALITY & SHORT GRAINS

Kent S. McKenzie

Dr. J. Jiangwill be joining the RES
staff in April 2005 as the new premium
guality and short grain project leader.
This project is responsiblefor breeding
and researchon several different grain
and quality typesas part of the RES Rice
Breeding Program. The emphasis and
breeding goals do vary for the different
grain and quality types. The 2004 season
research highlights from the different
project research areas are discussed
below.

Premium Quality

Development of improved premium
quality California rice varieties remains
the primary focus of this project.
“Premium quality” is a term used to
identify the California mediumgrain
varieties like M-401 that have unique
cooking characteristics preferred by
certain ethnic groups (e.g. Japaneseand
Korean). Premium quality medium
grains are very glossy after cooking,
sticky with a smoothtexture,andremain
sdit after cooling. Aroma and taste are
also cited as important features. These
types are similar to the high quality
shortgrain Japanese varieties like
Koshihikari. Premium quality is a
complex rice quality characteristicand
developing improved high yielding
premium quality varieties adapted to
California continues to be a difficult
breedingchallenge.

ShortGrains

Calhikari-201, a semidwarf, early
maturing, premium quality shortgrain
variety was developed by a complex
crossing and selection program to
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capturethe cooking characteristicof the
premium quality Koshihikari and
agronomic advantages of California
shortgrains.It representshefirst release
of an adapted premium quality short
grain for California. ~ Agronomic
performanceandyields of Calhikari-201
continue to be superior to Koshihikari.
Its cooking quality is below Koshihikari
andit hasnot beenwell acceptedor the
Japanese market. Calhikari-201 is
susceptibleto stem rot (SR) and cool
temperatureinduced blanking and does
not yield as well as Calrose medium
grains. Breeding efforts are targeting
improving these weaknessesas well as
trying to achieve further quality
improvements.

Agronomic performanceof the most
advanced premium quality shortgrain
breeding lines (SPQ) can be found in
Tables 1-6. These eleven experimental
lines were advancedbecauseof earlier
maturity, smooth hull, different
parentage,kernel size, or better yield
potential than the check variety
Calhikari-201. Agronomic performance
and milling data on ten of the eleven
advanced breeding lines and three
preliminary  breeding lines are
summarizedin Table 16. Most showed
higher yield potential and betterlodging
resistancethan Calhikari-201. Entry 004
showedgoodyield potential in the Very
Early Statewide group again in 2004.
Entry 19 also yielded well. Preliminary
Yield Testentries198 and199 gavevery
high yield at RES. Milling tests were
rathersevereasreflectedby the very low
average harvest moistures on the
samplesshownin Table 16. Theselines
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and others will undergo further quality
evaluations in cooking and laboratory
tests during the winter. Earlier
generationmaterial also was harvested
from progeny rows and small plots for
cooking and quality evaluation as well.
Agronomic data including disease

resistanceandresistanceo blanking will
be combinedwith quality datato select
entries for further testing in 2005.
Superiorlines will be usedas parentsin
future crosses.

Table 16. Agronomic performanceandmilling average®f selected2004 premium
quality shortgrain (SPQ)entriesin UCCE StatewideandRESPreliminary Yield Tests.

2003 Grain Harv Yield SV Daysto Height Lodge H,0 HIT
Entry Type Moist (Ib/acre T 50% (cm) (%) (%) £ (%)
(%) at 14%) Heading
Very Early Statewide
004 SPQ 198 9720 4.9 85 91 50 179 65/72
005 SPQ 16.6 9040 4.8 82 84 50 15.5 63/75
019 SPQ 16.1 9720 4.9 82 86 40 147 6272
020 SPQ 174 9490 4.9 83 86 40 185  64/73
021 SPQ 186 9300 4.9 83 86 10 17.6 61/72
026 SPQ 182 9210 5.0 86 91 40 16.4 53/72
S-102 S 15.9 9670 5.0 78 94 50 185 64/74
Early Statewide
065 SPQ 16.2 9990 4.8 87 97 50 146  49/72
082 SPQ 144 8190 5.0 87 97 80 155 50/70
087 SPQ 165 9760 4.9 86 99 40 15.7 61/73
CH-201 SPQ 152 8530 5.0 86 97 80 131 49/73
Intermediate/LateStatewide
138 SPQ 159 9090 4.8 88 97 90 14.3 53/71
CH-201 SPQ 145 8530 5.0 86 97 80 13.1 49/73
Very Early Preliminary
195 SPQ 182 9710 4.8 76 99 100 16.0 58/72
198 SPQ 216 10930 4.6 80 98 40 15.4 54/72
199 SPQ 199 10680 4.7 80 101 70 164  58/72
Akitakomachi SPQ 159 7120 4.6 78 104 100 16.9 62/71
T Seedlingvigor scorewhere 1=poor, 5= excellent.
T H.0 = Averageharvestmoistureof milling row samples.
H/T= Headandtotal milled rice averagef two rows harvesed at two harvestmoistures.
MediumGrains preliminary breeding lines is
A parallel breeding effort is summarized in Table 17. In the
continuing to develop improved statewidegroups,entriesapproachedhe

premium quality medium grains for the
M-401 market. Agronomic performance
of thirteen advanced premium quality
medium-grain breedinglines (MPQ) can
be found in Tables 1-6. Agronomic
performanceand milling datafor ten of
the advanced breeding lines and ten
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yield of the Calrose medium grain
check. As a group the medium grain
milling yields were excellent. In the
Preliminary Yield Tests conducted at
RES entries 299, 330, and 625 showed
significantly higher yield potential than
the checkvariety Selectionemphasesn
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thesematerialsis toward larger kemels
with M-202 grain and milling yields as
well as improved lodging resistance.
Cookingtestswill be conductedon these
andother advanced breeding lines in

an

effort to identify premium quality
selections and make improvements in
quality, vyield, cold tolerance, and
disease resistance. Earlier generation
premium quality material was harvested
from small plots and progeny rows in
2004 for cooking evaluationand further
testingin 2005.

Table 17. Agronomic performanceandmilling averageof seleced 2004 Premium
quality mediumgrain entries(MPQ) in UCCE Statewideand RES Preliminary Yield

Tests.
2003 Grain  Harv. Yield SVt Daysto Height Lodge H:0 HIT
Entry Type Moist (Ib/acre 50% (cm) (%) (%) £ (%)
(%) at 14%) Heading
Very Early Statewide
024 MPQ 185 9020 4.9 86 94 60 223  65/72
025 MPQ  18.3 9040 4.9 83 91 60 224  67/72
M-104 M 17.7 9550 5.0 81 89 60 16.6  68/73
Early Statewide
066 MPQ 174 9440 4.9 87 99 70 16.3  69/73
067 MPQ 17.8 9340 4.9 86 102 70 19.1  67/73
M-206 M 175 9820 4.9 86 94 50 21.8  72/73
M-202 M 17.4 9670 4.9 87 104 70 17.3  64/72
083 MPQ 17.0 9740 4.9 86 97 70 17.7 7173
086 MPQ  16.7 8240 4.7 87 99 40 194  66/73
Intermediate/LateStatewide
123 MPQ 184 9740 4.7 91 102 80 205  67/72
124 MPQ 16.8 9530 4.8 92 102 60 156 57/71
136 MPQ 17.9 9740 4.7 94 104 90 18.0 66/73
137 MPQ 191 9410 4.8 90 104 90 16.2 52/71
M-402 MPQ 194 9530 5.0 98 99 70 275  67/70
Early Preliminary
M-202 M 23.8 9440 4.7 84 104 30 193 64/71
299 MPQ 220 10140 4.7 85 103 30 20.6  62/72
309 MPQ 229 9950 4.7 83 101 40 193 66/74
311 MPQ 217 9610 4.8 85 100 20 18.0 57/72
315 MPQ 214 9590 4.7 84 103 30 171 57/72
317 MPQ 217 9650 4.8 81 103 40 189 68/72
318 MPQ 223 9830 4.7 85 101 10 204  68/72
320 MPQ 25.1 9710 4.8 85 99 30 18.1  60/70
321 MPQ 225 9880 4.7 83 99 20 242  65/71
330 MPQ  20.6 10370 4.8 79 95 30 20.0 68/72
332 MPQ 20.8 9840 4.7 79 107 40 249 68/71
Intermediate/LatePreliminary
625 MPQ 224 10540 4.7 87 108 60 18.6  59/72
M-402 MPQ 231 9740 4.7 94 102 10 26.3  69/72

T Seedlingvigor scorewhere 1=poor, 5= excellent.

F H,0 = Averageharvestmoistureof milling row samples.
H/T= Headandtotal milled rice average®f two rows harvestecdat two harvestmoistures.
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Conventional Short Grains

S$-102, releasedby CCRRF in 1996,
is the predominantCalifornia shortgrain
in  commercial production and
consistently has been a high yielding
entryin the very early advancedyroup of
the StatewideYield for many years In
combinationwith its very early maturity
andvery large kernel it is hasbe hardto
develop lines with those traits that out
performs it. Two preliminary breeding
lines (206 and 350 in Table 18) selected
from crosseswith S-102 were testedin
Preliminary Yield Tests conducted at
RES and displayed very high vyield
potential and comparable head rice
milling yield comparedto S-102. Entry
125 was the top vyielding entry in the
intermediate group of the Statewide
Yield Test. Plot yields of this entry at
RES averageover 12,000Ib/acrein both
seedingdatesin 2004. These breeding
lines, as well as other shortgrain
breedinglines advancedrom small plots
and progeny rows in 2004 will be
evaluatedfurtherin 2005.

DiseaseResistance

Becauseheir high yield potentialand
lessdemandson cooking characteristics,
in the conventional short grains
improvement efforts have focused on
improving disease resistance with
support of the Pathology Project.
Breeding for SR resistanceremains an
important long term objective of the
program. Progress has been slow,
howevernew lines are startingto appear
in yield tests that show clear
improvementin stemrot scoresand high
yield potential. They are not
accompaniedby some of the weakness
of earlier resistant materials, like very
poor seedling vigor, high susceptibility
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to cold temperatureblanking, and late
maturity. Progressseemso be occurring
in grain quality as well. The donor
germplasmfor this SR resistantmaterial
has come from the long-grain project
and it has required considerable
breeding effort to move this in to the
shortgrains.It is hopedthat this material
may in turn provide useful stem rot
resistant germplasm for the medium
grain project as well as the premium
quality types. Table 19 contains some
the more outstandingexperimentallines
from 2004yield tests.
Crossing,screening,and selectionfor
blast resistanceto California race IG-1
continuesin the project. The pathology
projectis screeningearly generationand
advancedselectionsin the greentouseto
identify resistant lines. Lines showing
blast resistanceare being advancedfor
agronomic and quality testing and re-
screenedto confirm resistanceto race
IG-1. High yielding lines from short
grain and premiumquality mediumgrain
crosseshave been recovered.However,
kernel physical and cooking
characteristicsmilling quality, and cold
induced blanking resistance are areas
requiring continued evaluation and
improvement. In some casesit appears
that improved blast resistance is
accompanied by increased stem rot
scoresthat are often seenin the blast
resistantdonor parents.
Developmentandapplicationof DNA

marker technology for selection of
diseaseresistantlines is underwayin the
RES Breeding Programwith the support
and cooperationfrom the USDA-ARS.

This tool should expedite the
development of improved disease
resistantvarieties.
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Table 18. Agronomic performanceandmilling average®f selected2004 shortgrain
entries(S) in UCCE StatewideandRES Preliminary Yield Tests.

2003 Grain  Harv. Yield SV Daysto Height Lodge H0 HIT
Entry Type Moist (Ib/acre t 50% (cm) (%) (%) £ (%)
(%) at 14%) Heading
Statewide
22 S 17.0 9510 4.6 81 89 50 19.7  59/72
23 S 175 9970 4.9 83 91 50 18.0 63/71
S102 S 15.9 9670 5.0 78 94 50 185 64/74
88 S 15.9 9520 4.9 86 99 40 179 63/72
M-202 M 17.4 9670 4.9 87 104 70 17.3  64/72
125 S 16.7 10820 4.3 86 99 50 17.0 58/72
M-205 M 18.4 10360 4.9 94 97 70 186  68/73
Preliminary
206 S 16.5 11110 4.7 74 97 50 17.4  58/73
350 S 18.4 10500 4.8 75 105 100 19.6  66/73
S102 S 134 10870 4.7 75 99 60 143 57/72

T Seedlingvigor scorewhere 1=poor, 5= excellent.
¥ H.0 = Averageharvestmoistureof milling row samples.
H/T= Headandtotal milled rice average®f two rows harvestedat two harvestmoistures.

Table 19. Agronomic performanceandmilling average®f selected?004 stemrot
resistant(SR) entriesin UCCE Statewideand RESPreliminaryYield Tests.

2003 Grain  SRfT Yield SV Daysto Height Lodge H.08 HIT
Entry Type Score (Ib/acre 50% (cm) (%) (%) (%)
at 14%) Heading
Statewide
126 SR 4.5 10680 4.5 90 102 40 18.6 63/73
M-205 M 6.9 10360 4.9 94 97 70 18.6 68/73
Preliminary
208 SR 55 11670 47 80 92 10 153  53/72
S102 S 8.6 10870 4.7 75 99 60 14.3 57172
633 SR 5.3 10560 45 91 96 0 182  65/75
634 SR 5.7 10380 47 86 95 0 195 59/71
638 SR 5.4 11290 4.6 89 98 0 17.4  58/73
641 SR 5.2 10210 4.7 85 99 0 16.6  61/73
S-301 S 5.4 9330 4.7 95 109 50 255  70/72

T SR scoe=stemrot scorewhere0=nodamageand 10=plantkilled.

¥ Seedlingvigor scorewherel1=poor,5= excellent.

§ H,0 = Averageharvestmoistureof milling row samples.

H/T= Headandtotal milled rice average®f two rows harvestedat two harvestmoistures.
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Special Purpose Types

The special purpose varieties often
have unique or undefined cooking
characteristics that make quality
evaluation and selection difficult. It is
also very common to find the special
purposequality strongly associatedwith
poor adaptation, low yield potential or
low headrice yield. As with premium
quality varieties, differencesin adapted
experimentallines are expectedirom the
quality found in the old and/orimported
targetrice variety.

Waxy

Improvementof the shortgrain waxy
(mochi, glutinous, or sweet rice)
Calmocht101 is focusing on improving

agronomic and quality characteristics.

Oneglabrousshortgrain waxy (Entry 6)
was tested in the very early Statewide
Yield Testsin 2004 but did not show
significant agronomic advantages over
Calmocht101 (Tables1). Another setof
waxy lines will be advanced from
preliminary vyield testing. Quality
evaluations are planned as well as
industry evaluations on the more
promising lines. Input from marketing
organizationsis critical to help RES to

improve quality evaluations that
complementthe needsof theindustry.
Low Amylose

Amylose contentin endospernstarch
is recognizedas a major determinantof
eating, cooking, and processingquality
of rice. Japaneseice breedershavebeen
working for many yearsdevelopingrice
cultivars with low amylose contentsto
improve eating quality and for new
products for the rice industry. Induced
mutation has beenusedto develop dull
endospermmutantsthat have 6 to 10%
apparentamylose. Severallow amylose
rice cultivars have been developedand
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are in commercial production. These
varieties are not available and probably
not well adaptedo California.

A special project was initiated in
1999 to recover endospermmutantsin
adapted germplasm. Two putaive
mutants of the California premium
quality shortgrain cultivar Calhikari-
201 wereidentified and designatedBL -1
andBL-2 for advancemenandincreased
in the 2001 winter greenhouse,then
transplantedinto the 2001 RES nursery.
The putative mutantswere subjectedto
laboratory tests at RES to measure
apparent amylose content and RVA
profiles. Theselines were also sentto
Japanfor evaluation by a cooperating
Japanese scientist at a research
laboratory to determine the changesin
stickinessand hardressfor fresh cooked
and staledrice. Resultsshowedthe low
amyloselines hadamylosecontent(8 %)
similar to the Japaneselow amylose
varieties. In addition, Tensipresser
analysesand taste panelsindicated that
California low amylose lines displayed
similar stickinessvaluesto Japanesdéow
amylosevarieties, but higher valuesfor
kernel hardnesscomparedto Japanese
low amylosevarieties.

Both low amylose lines were field
testedin UCCE StatewideYield Testsin
2002through2004 andyearsyielded 11-
15 % lower than their parent Calhikari-
201. Statewide Yield Test and RES
milling data for the low amylose lines
are summarized in Table 20. UCCE
conductedtwo N testsat RES in 2004
and the resultsare summarizedin Table
21. Overall, the low amylose lines
possess lower vyield potential than
Calhikari-201 as well as reducedgrain
weight and panicle size. In 2003 and
2004, small production fields were
grown at RES for large scale milling,
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quality evaluation, and test marketing.
Production of seedand paddy for test
marketing is planned for 2005. The
breedingprogramis currently evaluating
new low amylose materials in small
plots and progenyrows. Breedingefforts
are ongoing to addressthe agronomic
problemsassociatedwvith the currentlow

amylose lines through crosses with
adapted California germplasm. The
Board of Directors will be deciding on
an appropriate format to release this
germplasmthat representsa new quality
and market type for production in
California andthe US.

Table 20. Average agronomic performance and milling of BL-1, BL-2, Calhikari-201,
andM-202in UCCE StatewideYield Test(Early Group)2002to 2004.

Entry Grai Harvest Yield SVt Daysto Height Lodged H,0f Hea Total
n Moist.  (Ib/acre 50% d Rice
Type at 14%) Heading Rice
(%) cm) () (%) (%) (%)
BL-1 LA 17.4 7060 4.5 83 95 65 17.2 62 71
BL-2 LA 17.0 7160 4.6 85 95 74 186 65 72
CH-201  SPQ 16.6 8100 5.0 84 95 68 170 58 71
M-202 M 19.8 9050 4.9 85 102 64 179 64 71

T Seedlingvigor scorewhere 1=poor,5= excellent.

T H.0 = Averageharvestmoistureof milling row samples.
H/T= Headandtotal milled rice averagef two rows harvestedat two harvestmoistures/year.

Table21. Agronomic performancdow amyloseentriesin UCCE nitrogenfertilizer test

atRESin 2004.

Pre-Plant Yield Daysto Height Lodge Yield Daysto Height Lodge
N (Ib/acre 50% (cm) (Scoret) (Ib/acre 50% (cm)  (Scoret
(Ib/acre) at14%) Heading at14%) Heading
------------ BL-1 (Field J10)----------- weee—-BL-2 (Field J5)-----------
0 3450 79 66 1.0 7180 85 79 4.0
50 7920 82 84 1.0 6550 90 95 4.0
100 8070 83 103 53 7640 91 102 9.8
150 7340 86 107 7.0 6850 92 103 9.5
200 7910 88 109 7.8 7240 93 108 9.0
Mean 6940 84 94 4.4 7090 90 97 7.9
LSD(0.05) 1510 2 6.1 3.4 1420 3 5.0 3.6
C.V. (%) 14 2 17 50 13 2 3 30

T Subjectiverating of 1-10 wherel = noneand 10 = completelylodged.
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Other Activities

Breedingfor bold grain types,similar
to the ltalian varieties like Arborio,
continues in this breeding project.
Agronomic and milling performancesof
lines in preliminary yield tests are far
superiorto Arborio. A variety of kernel
shapesand levels of chalkinessis being
recoveredand most are better milling
but have smaller kernel size than
Arborio. Quality evaluations remain a
problem and interest by marketing
organizationdimited.

One of the additional project
objectivesis to transferrice waterweevil
(RWW) toleranceto adaptedCalifornia
varieties. Breeding activities are
continuingin the RWW nurseryat RES.
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Cooperative researchon some grain
quality componentsand technologiesis
also a project activity. This includes
continuing evaluation of single kernel
grain moisture and its variability and
impacton milling yield. In addition RES
hasbeenevaluatingon consignmentthe
Foss Cervitec" 1625 Grain Inspector.
This is an automatedhigh speedgrain
image analysis inspection system
developed to evaluate Asian japonica

rice  for physical characteristics
including, head rice, damaged kernd,
fissuring, and kernel dimension.

Evaluations are being made using
California medium and short grain and
this technologyholds great potential for
using this in evaluating breeding
materialfor quality trait selectionu
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RICE PATHOLOGY

Jeff Oster

Breeding for diseaseresistanceis a
cooperative effort between the plant
breeders and plant pathologist. The
pathologist producesdiseaseinoculum,
conducts a disease nursery, identifies
resistant germplasm, and screens
statewideand preliminary trial breedng
lines and varieties (about 2000 rows per
year) for stem rot and sheath spot
resistancan thefield. In the greenhouse,
screeningis conductedfor sheathspot
resistance(about 450 entries per year),
blast (5000-10000entriesfor major gene
resistance) and bakanae (400 entries).
In addition, early generation materials
derived from crosses with resistant
parents are cycled through the disease
nursery to identify and verify disease
resistant lines (about 6000 rows).
Intenseselection pressureis applied for
important agronomic traits because
sources of disease resistance have a
number of undesrable characteristics.
The objective s to transferan improved
level of diseaseresistanceinto future
varieties. A major effort is directed
toward resistance to blast, but SR
continues to receive significant
attention. The source of SR resistance
also confers aggregate and bordered
sheathspot(SS)resistance.

Bakanaeis the mostrecentdiseasdan
California, and work is being conducted
to determine damage and develop
detection and control techniques.Most
of this work should be completed in
2005.

Stem Rot

Screening for SR resistance in
inoculated nurseries and greenhouses

begins in the F; generation. Resistant
gemplasmoften haslow seedlingvigor,

low tillering, susceptibility to blanking,

and late maturity. Only a fraction of a
percent of the lines screened show
higher levels of SR resistance than
currentvarieties. There were about8000
rowsin the 2004 SR nursery.

Promising long-grain and shortgrain
resistantlines areemerging,but progress
hasbeenslow with the mediumgrains.

Severalcurrentvarietiesand stemrot
resistantlines were evaluatedfor yield in
aninoculateddiseasenursery.The intent
is to determinethe yield loss associated
with a given stemrot score,and at what
diseasdevel resistantlines showa yield
advantage.This work is possible since
resistantlines now haveyield potentials
approachingcurrentvarieties.

The following table summarizes
2002-4 resultsfor linestestedin 2004.

2002 2003 2004

Variety SR| Yield |SR| Yield |SR]| Yield

L1205 JL]6.0] 9482.05.3] 9108.36.7] 8583.

01Y501L 3.8] 9531.95.5] 9322.1
01Y504 L]4.6] 11955.0 3.9] 10450.94.7] 9125.4
02Y111L 4.6] 8989.45.2] 6597.(
02v48(@ L 3.9 9007.94.0] 8151.17
02Y563 L 4.1] 9743.45.3] 9231.(
03Y494 L 4.8] 9222.3
03Y491L 4.9] 8077.4
03Y641 L 4.8] 8542.9
03Y643 L 4.7] 9492.7
M205 [M]5.2] 10057.04.2] 8425.45.5] 8705.1
s102 | SI5.7] 8846.d4.5] 8138.45.8] 8152.(
03Y331 S 4.0] 8189.9
03Y334 S 4.8] 6641.4
03Y574 S 4.1] 9222.4
03Y574 S 4.9] 9375.%
03Y573 S 4.2] 8657.17
g7ys55] L]13.2] 9391.03.2] 9138.03.8] 7650.4
L SD, o 0.4 772.20.6 861.840.6] 1436.(

The resistant line  01-Y-502

significantly out yielded L-205 in all
years(but not significantly in 2004). The
2004 test suffered from poor weed
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control and under fertilization due to
applicatorerror. Severalshortgrainlines
out yielded S-102, but not significantly.
87-Y-550 is an old resistantline. Some
resistance has been lost in materials
developed after 87-Y-550, but vyield
gainshavebeenlarge.

Dr. Tom Tai has indicated
willingness to develop marker assisted
selectian for the breedingprogram. His
student, Leslie Snyder, is working on
this project. About 5200field transplants
and an equal number of greenhouse
plants were screenedfor SR and SS
resistanceat the stationin 2004.

Sheath Spot

O. rufipogon-derived redstance also
confers  protection against SS.
Researchersin the South have found
resistanceto sheathblight (causedby a
similar fungus) in this wild species
accessionalso. A greenhousescreening
programhasbeensetup to teststatewide
yield entries(other than thosewith wild
species resistance) for sheath spot
resistance.This is especially important
for the medium grains,which do not yet
benefit from sheath spot resistance
derived from O. rufipogon. The test
revealedlarge differencesin sheathspot
resistanceamongthesematerials.Sheath
spot is more widespreadthan stem rot,
and can causesignificant damage.Field
testsin the stemrot nurseryare probably
inadequatebecauseof interferencefrom
stemrot and becauseof field conditions
unfavorableto sheathspot development
in manyyears.

Molecular markers will also be
sought for resistancederived from O.
rufipogon in cooperationwith the USDA
lab at UC Davis.

41

Blast

Rice blast diseasein California was
identified for the first time in 1996 in
Glenn and Colusa Counties. It spread
over significantly more acresin 1997,
and has reached Sutter (1998), Butte
(1999), and Yuba (2000) Counties. In
1998 to 2004, blast severity was much
lower than in previous years. A few
affected fields continue to be found,
mostly on the west side of the valley.
However, more blastwas found in 2003
thanin any yearsince 1998. Due to late
planting, more M-104 was grown than
usualin 2003.M-104 appeargo be more
susceptiblethanothervarieties,followed
by M-205. None of the StatewideYield
Tests have been affected by blast since
1997, so the entries could not be
evaluated.

Major resistance genes limit blast
symptom expression to small brown
flecks at most, but different racesof the
blast fungus can overcome this
resistancein severalyears after variety
release. The low disease pressurein
California may delay this expected
breakdown. Varieties possessingsingle
blast resistancegenescould be released
first followed later by varieties with
several different resisence genes. The
genes chosen for this scheme have
resistance to many blast races. The
funguswill not easily overcomeseveral
geneshaving broadspectrumresistance.
About 5600 lines were screened for
major generesistancein the greenhouse
this pastyear.

A cooperativeproject with the USDA
lab at UC Davis to develop molecular
marker screening for these resistance
genesis continuing. So far, California
materials have been tested against
markers for the Pi-kh, Pi-ta?, Pi-z, and
Pi-b genesThe Pi-kh and Pi-ta” markers
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seemto work reasonablywell. Markers
developedin Texas for the Pi-z gene
havenot worked aswell. Markerswould

allow detection of multiple resistance
genesin the same variety or breeding
line without actually screeningagainst
the racesnecessanyto differentiate these
genes. These races cannot be used in

California due to fear of introducing
theminto growers’fields.

Due to sometimeserratic screening
results, a series of experiments was
designed to increase conventional
screening accuiacy. California’s low
humidity environmentalongwith the dry
environment in the new greenhouse
apparently causes screening problems
not faced in the southern U.S. High
humidity, temperaturesbelow 80F and
correct amount of nitrogen applied
before inoculaton increase infection
efficiency, whereashigh humidity after
inoculation increaseslesion size. These
results were used to revise screening
techniques.

BakanaeDisease

Bakanae disease, caused by the
fungus Gibberella fujikuroi (=Fusarium
fujikuroi), wasfound for the first time in
Butte and Colusa Counties in 1999.
Researchat RES establishedhe identity
of the diseaselt wasalsofoundin Yuba
and Sutter Counties in 2000 and
throughout most of the rice growing
regionin 2001-2. Incidencewaslower in
2003, when seed treatment with 1-5%
bleach (6% NaOCI) was widespread.
Sincethe diseasés largely seedborne, it
likely was introducedon imported seed
thatdid not passthroughquarantine.

DiseaseDescription

Diseasedplants appear about 25-30

days after seeding and have greatly
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elongatedrolled, yellow leaf bladesand
sheaths. Affected plants are usually
scattered throughout a field. Plants
elongate as a responseto gibberellin

production by the fungus. These
symptoms are encouraged by warm

temperatwes (90-100F), but cooler
temperatures may result in yellow,

stuntedplants, or infected plantsmay be
asymptomatic.Leavestend to droop as
they elongate.Elongatedleavesform a
wider angle with the stem than normal
leaves and resist efforts to bend them
upward. About 90% of plants die 2-3

weeks after symptom expression, but

lesser numbers of other seedlingsthen
develop symptoms throughout the
season. Older plants may also be
infected and may be very tall or of

normal height at flowering, and usually
producefewer tillers. In either casevery
little grainis formed, paniclesare small,

and may turn grey-brown as they age.
The crowns of theseplantsare rotted by

the bakanae fungus. The fungus
sporulatesprofusely on deadtissue just

above the waterline. Spore masses
appear powdery and may be white to

pale orangein color. On somestems,a
purple-blue  discoloration indicates
formation of the sexual stage of the

fungus, representedy very small, dark-

colored, flask-shaped  structures.
Harvestoperationsdistribute propagules
of the fungusthroughoutthe seed.Most

seedis superficially contaminated,and

may not exhibit symptoms. The

fungus does not persist well in soil,

although over wintering is possible.
Fallowing may be effective in greatly
reducing any carry-over inoculum in

severelyaffectedfields.
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DiseaseProgress
The following graphsillustrate when
symptomatic plants showed up during
the seasonand how long they lived.
Resultsarethe averagefor years2000-2.

Percent Symptomatic Plants by Week
All Years
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30

Percent of Total Diseased Plants

0 2 4 6 8 10 12 14

Week Showing Symptoms

New symptomaticseedlingscontinue
to show up throughout the growing
season.Most plants do not live more
than 2-3 weeks after symptom
expression.

Weeks Plants Lived after Symptom Expression
All Years
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Weeks Lived

Random patterns of symptomatic
seedlingsin the field andobservationsn
field plots indicate the diseasedoesnot
spreadmuchwithin a season.

Since the fungus reportedly does not
over winter efficiently, this data
underscores the importance of seed
borneinoculum.
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SeedAssays

Assays were developed detect the
bakanaefungus in seed lots by direct
plating of seedonto medium selective
for fusaria fungi. Another technique
involved shakinga quantity of seedin an
equal volume of water, and plating a
dilution series with the resulting
suspensiononto selective medium. The
latter test required less labor, allowed
use of larger seed lots, and was more
sensitive than the seed plating assay.
Color formation in the medium by the
pathogenon certain nutrient media and
color of the fungal colony surface
allowed differentiation from other fungi.
Once yield loss data are established,
seedlot assayscanindicate the potential
of a seedfor yield reduction.

Generally, about 25-75% of seeds
testing positive for the fungusin a seed
plate assay would have developed
symptomswhenplantedin thefield.

Seed plate and greenhouseassays
producedsimilar results.

Diseaselncrease

Seed from fields of known disease
incidencewasharvestedand plantedinto
rings for two successiveyears.Disease
incidence increased an average of 13
times, with a rangeof six to 60 times.

An attempt was made to assesshe
importance of over wintering inoculum
on diseasedevelopment.One field had
3% disease incidence in 2000. Seed
flown onto this field was assayedevery
year.By 2002, field incidencelevelshad
fallen to 0.05%.

SeedTreatment

Fungicides were also tested in the
laboratory, greenhouseand field. Both
Maxim and Nusanare registeredfor use
on rice as a seed treatment (0.16 and
1.250z/100#seed respectively).
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In 2002, threefield trials werelocated
in Butte (late summertest), Sutter, and
Yuba countiesin cooperationwith Jack
Williams andUCCE.

The Yubatrial did not showanyyield

Field Off Station Seed Treatments

*seedlingdamage

LSDgs=1.7

Percent Bakanae Seedlings

o [l
-

3.00z Nusan A

Uninfested A
Infested, untr.
0.160z Maxim A
0.320z Maxim A
0.640z Maxim A
0.750z Nusan

1.50z Nusan
0.08 M + 0.37N 4
0.16 A + 0.16M

Treatment
differences among treatments, and
bakanae levels were less than 3.5%
diseasedeedlings.

The Sutter trial showed significant
yield decreasesThe infested, untreated
treatmenthad a high of 10% yield loss
whenbakanaeseedlinglosswas8.7%.

Maxim fungicide was ineffective at
any concentration. Nusan was more
effective, but the 30z rate decreased
seedling growth at 2-3 weeks after
planting. The Maxim-Nusan
combination was as good as Nusan
alone,but at lower fungicide rates.There
was no Yyield loss for treatments
including Nusan. The Apron-Maxim
combinationwasineffective.

Both seedling death and dead heads
were correlatedwith yield loss. The low
number of dead seedlings and heads
shouldn’t account for all of the yield
loss. The fungus seemsto do other
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damage, perhapspartial root/crown rot
resultingin lessgrainfill.

In 2001, laboratory, greenhouse,
and field tests indicated 5-10% bleach
(0.25-0.5% sodium hypochlorite) greatly
reducedbakanaeincidence but seedling
growth was also reducedabout 20% at
14 days after seeding.Plantsrecovered,
however,asthe seasorprogressed.

In 2002, an additional trial was
conducted at the Rice Station with
concentrationsof bleach ranging from
1.35% (0.0680.26% sodium
hypochlorite). All treatments produced
equivalent control of the disease.
However, laboratory and greenhouse
tests indicate the fungus is not killed
with 1% bleach.The five percentbleach
treatment (24 hour soak/24 hour drain)
produced a growth reduction of 16%
about two weeks after planting. If
treatmentwas restrictedto the first two
hours of soaking, or if the bleach
concentrationwas lower, there were no
growth reductions. This treatment is
registeredfor usein California.

Maxim again failed to give
acceptable control, and Nusan and
Maxim-Nusan combination did not
performaswell asin off stationtests.
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In 2003, seed treatment trials were

2002 Field On Station Bakanae Seed Treatments

w

N

i
"
H

Percent Bakanae Seedlings

:

infested
nfested
h 24124
h 24/24
ch 48/4
h 24124
h 24/24
h17/24

uuuuuuuuu

Uni
5% bich 2/24/24

5% bl
3% bl
1.6% bl
1.6% bl
22/5%blch2/24
1% buff bich 24
0.320z Maxim
0.640z Maxim
1.250z Nusan

1.3% bl
24/5%blchdip/24

7/1.6%bl
24/24/10% spray
.6250zN+.160zM

Treatments

conducted at five locations (Butte,
Sutter, Yuba, Colusa, and Glenn
counties) in cooperation with Jack
Williams and Chris Greer of UC
CooperativeExtension.

A heavily-infestedseedlot was used,
but symptom expressionwas low. No
yield differenceswere observed.

The following graph presentsresults
statedaspercentdiseasecontrol.

2003 Advanced Seed Treatment Trial
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The bleachonly treatmentsdid not
differ from eachother very much either
in seedling vigor or percent bakanae
control.

The 10% Wilbur Ellis low pH
material (WE), 10 and 15% Mionix, and
both phosphorous acid treatments
prevented multiplication of the fungus
on seed even with a 72 hour drain
period.

Protégé, Maxim-Protégé, the lower
ozone concentrations, and bleach +
Surfonic were less effective than the
other treatments. The highest ozone
concentrationand the Nusan treatment
were barely betterthanthe lesseffective
treatments.The besttreatmentswere 2%
bleach, 10% Mionix, and 0.25%
phosphorous acid (better than 94%
control).

Some treatments also reduced
seedlingvigor at 14 daysafter planting.
Ten percentWE, 10% Mionix, and all
ozone treatments moderately affected
vigor, while 15% Mionix severely
affected vigor. Stand counts were
affected similarly, except there was no
significant difference amongtreatments.

One hundred and six different seed
treatments were evaluated in a
preliminary experiment at the Rice
Station. Thesetreatmentsncluded effect
of soak and drain times on bakanae
diseasedevelopmentand additional seed
treatment materials, including those in
the advaned trials. Seed treatments
providing 95% or better control are in
thefollowing graph.
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2003 Preliminary Seed Treatment Trial

N Scedling Vigor

.25% Su
0:13% Su
| Aquac|

Uninfested
-5% Phost
2% Aq
1% Acryl

19
50
9
5%
5
5
2% Ac
4% Ac

Treatment

Surfactants, both alone and in
combinationwith bleachandthe low pH
compounds,may improve control. Low
concentrations of Agrimul (=Ag),
Surfonic (=Su), Liquinox (=Li), and
Wilbur Ellis soap (=WS) can even
reduce the required concentration of
bleach10times.

Several treatments slowed bakanae
multiplication on treated seed (5%
WE/H,0,), or prevented it (1%
bleach+0.25%Ag,1% bleach+0.25% Su,
10% WECO, 5% WE+0.5%WS, 0.5%
phosphorous acid, 5% Oxidate, and
0.5% WE soap).

Phosphorous  acid, hydrogen
peroxide, and bleach are equally
economical and effective. Bioside and
Phosgard are more expensive, but
probably still affordable along with
some of the surfactant combinations.
The Mionix and Wilbur Ellis products
do not havepricing.

All seedtreatmentexperimentsabove
were performed with M-202. A
greenhousedest was conductedwith the
best treatments against a range of
varieties (L-205, CT-201, M-104, M-
202, M-204, M-205, M-206, S-102, M-
401, and CM-101). The following table

MR Percent bakanae Control
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summarizesresults. The untreatedentry
is expresseds% germinationandcm of
growth 10 days after planting (vigor).
All other treatmentsare expressedas %
of untreatedentry.

Treatment Averagé€for Varieties
% germ. Vigor
ave |[range |ave|range
Untreated 82(69-91 29127-30
0.5%bleach0.125%Surfonic 90|79-103[ 100[93-105|
0.5%bleach0.25%WE soap 97|91-108/101]94-109
2% bleach(6% NaOCI) 102/90-142101/96-110
1% WE acid,0.25%WE soap 91(81-108] 99|92-108
1% Mionix acid,0.125%Agrimu| 92|79-104] 97|90-103|
5%H202 97|63-98 | 99|91-107

In 2004, three seed treatment trials
were conducted in Butte, Sutter, and
Colusa counties in cooperation with
Chris Greer and Cass Mutters of UC
Extension. All treatments included a
24hr soak/48hr drain and constan
temperatureof 23C to promote bakanae
multiplication. Seed treatments which
prevent fungal multiplication after
treatment should give the best result
undertheseconditions.

2004 Advanced Seed Treatment Trial
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Severalseedtreatmentsdid not differ
significantly from the uninfestedcontrol
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