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PROCEEDINGS ... THIRTY-FIRST
RICE TECHNICAL WORKING GROUP

RICE TECHNICAL WORKING GROUP
Organization and Purpose

The Rice Technical Working Group (RTWG) functions
according to an informal memorandum of agreement
among the State Agricultural Experiment Stations and
the Agricultural Extension Services of Arkansas,
California, Florida, Louisiana, Mississippi, Missouri,
and Texas, and the Agricultural Research Service, the
Economic Research Service, the Cooperative State
Research, Education, and Extension Service and other
agencies of the United States Department of
Agriculture. Membership is composed of personnel in
these and other cooperating public agencies and
participating industry groups who are actively engaged
in rice research and extension. Since 1960, research
scientists and administrators from the U.S. rice industry
and from international agencies have participated in the
biennial meetings.

Pursuant to the memorandum of agreement, the
Association of Agricultural Experiment Station
Directors appoints an administrative advisor who
represents them on the Executive Committee and in
other matters. The administrator of the USDA-ARS
designates a representative to serve in a similar
capacity. The Directors of Extension Service of the rice
growing states designate an Extension Service
Administrative Advisor. The Publication Coordinator
also is on the Executive Committee.

Other members of the Executive Committee are elected
biennially by the membership of the RTWG; they
include a general chair who has served the previous
term as secretary, a secretary-program chair, a
representative from each of the seven major rice-
growing states (Arkansas, California, Florida,
Louisiana, Mississippi, Missouri, and Texas), the
immediate past chair, and an industry representative.
The rice industry participants elect an Executive
Committee member, on a rotational basis, from the
following areas: (1) chemical, (2) seed, (3) milling, (4)
brewing industries, (5) producers, or (6) consultants.

Several weeks prior to the biennial meeting, panel
chairs solicit and receive titles and interpretative
summaries of papers to be presented. They work with
the secretary-program chair in developing the program,
including joint sessions as desired. Program

development includes scheduling of papers and
securing persons to preside at each panel session. Each
panel chair is in charge of (1) election of a successor
and (2) updating of the panel recommendations.

Committees, which are appointed by the incoming
chair, include Nominations, Location and Time of Next
Meeting, and Resolutions Committee. Members of the
Nominations and the Location and Time of Next
Meeting Committees are usually selected to represent
the different geographical areas. The Resolutions
Committee is responsible for the resolutions pertaining
to the current meeting and for a necrology report when
appropriate.

The RTWG meets at least biennially to provide for
continuous exchange of information, cooperative
planning, and periodic review of all phases of rice
research and extension being carried on by the States,
Federal Government, and cooperating agencies. It

develops proposals for future work, which are
suggested to the participating agencies for
implementation.

Location and Time of the 2006 Meeting

The 31¥ RTWG meeting was hosted by Texas and held
at The Woodlands Waterway Merriott in The
Woodlands, Texas, from February 26 to March 1, 2006.
The Executive Committee, which coordinated the plans
for the meeting, included Don Groth, Chair; Garry
McCauley, Secretary; and Rick Norman, Immediate
Past Chair. Geographic Representatives were Rick
Cartwright (Arkansas), Randall Mutters (California),
Andrew Bennett (Florida), Bill Williams (Louisiana),
Tim Walker (Mississippi), Gene Stevens (Missouri),
and Bob Fjellstrom (Texas). Administrative Advisors
were David Boethel (Experiment Station), Mike French
(Extension Service), and J. Neil Rutger (USDA-ARS).
Publication Coordinators were Don Groth and Mike
Salassi. The Industry Representative was Dave Jones.
The Local Arrangements Chair was Anna McClung.

Location and Time of the 2008 Meeting

The Location and Time of the 2008 Meeting Committee
recommended that the 32" RTWG meeting be held by
the host state California. The meeting will be held from
February 18 to February 21, 2008 in San Diego, CA.
The exact location will be announced at a later date.



2006 RTWG Awards

The Distinguished Rice Research and Education Award
honors individuals achieving distinction in original
basic or applied research, creative reasoning and skill in
obtaining significant advances in education programs,
public relations, or administrative skills, which advance
the science, motivate the progress, and promise
technical advances in the rice industry. Only one
individual and team award can be given at an RTWG
meeting. The individual award was presented to Dr.
Rick Norman for his contributions to rice nitrogen
management. The team award was presented to Drs. S.
Linscombe, X. Sha, P. Bollich, R. Dunand, L. White,
and D. Groth for their contributions to varietal
development.

The Distinguished Service Award honors individuals
who have given distinguished long-term service to the
rice industry in areas of research, education,
international agriculture, administration, and industrial
rice technology. This award usually requires a whole
career to achieve, and thus, it can be argued it is our
toughest award to win. But, since more than one can be
given at an RTWG meeting, it is our fairest award
granted to all worthy of such distinction. This award
was presented to Drs. T.P. Croughan, J.N. Rutger, R.
Talbert, and F. Turner

Publication of Proceedings

The LSU AgCenter’s Rice Research Station published
the proceedings of the 30" RTWG meeting. Professors
Patrick Bollich and Donald Groth of Louisiana served
as the Publication Coordinators for the 2004
proceedings. They were assisted in the publication of
these proceedings by Darlene Regan.

Instructions to be closely followed in preparing
abstracts for publication in the 32™ RTWG (2008
meeting) proceedings are included in these proceedings
(pp. 201-203).

Committees for 2008

Executive:
Chair: Garry McCauley Texas
Secretary: ~ Randall Mutters California

Geographical Representatives:

Rick Cartwright Arkansas
Chris Greer California
Ronald Rice Florida
Steve Linscombe Louisiana
Tim Walker Mississippi
Gene Stevens Missouri

Lee Tarpley Texas

Immediate Past Chair:

Don Groth

Administrative Advisors:

David Boethel
Mike French
J. Neil Rutger

Publication Coordinators:

Don Groth
Mike Salassi

Industry Representative:

Dave Jones

2008 Local Arrangements:

Randall Mutters, Chair

Location and Time of 2010 Meeting:

Andy Kendig
Gene Stevens
Tim Walker

Nominations:

Rick Cartwright (Chair)
Chris Greer

Ronald Rice

Steve Linscombe

Tim Walker

Gene Stevens

Lee Tarpley

Dave Jones

Rice Crop Germplasm:

James, Gibbons, Chair
Jim Correll

Georgia Eizenga
Robert Fjellstrom
Farman Jodari
Dwight Kanter
Karen Moldenhauer
Jim Oard

Mo Way

Fangming Xie

Ex Officio:

Harold Bockleman
Mark Bohning
David Marshall

J. Neil Rutger

Kay Simmons
Allan Stoner

Mark Bohning
Allan Stoner

Louisiana

Experiment Station
Extension Service

USDA-ARS

Louisiana
Louisiana

California

California

Missouri
Missouri
Mississippi

Arkansas
California
Florida
Louisiana
Mississippi
Missouri
Texas
Industry

Arkansas
Arkansas
Arkansas
USDA-ARS
California
Mississippi
Arkansas
Louisiana
Texas
Texas

USDA-ARS
USDA-ARS
USDA-ARS
USDA-ARS
USDA-ARS
USDA-ARS

National Germplasm Resources Laboratory:

USDA-ARS
USDA-ARS



Resolutions:
Carl Johnson California
Richard Dunand Louisiana
Rice Variety Acreage:
Johnny Saichuk, Chair Louisiana
Chuck Wilson Arkansas
Kent McKenzie California
Curtis Rainbolt Florida
Tim Walker Mississippi
Bruce Beck Missouri
Jim Stansel Texas

2008 RTWG Panel Chairs:

Breeding, Genetics, and Cytogenetics:

Kent McKenzie California
Economics and Marketing:

D. Summer California
Plant Protection:

L. Godfrey California
Processing and Storage:

Z. Pan California
Rice Culture:

R. Plant California

Rice Weed Control and Growth Regulation:
A.J. Fischer California

RESOLUTIONS
31" RTWG - 2006

The 31% meeting of the RTWG held at Houston, Texas,
February 26 - March 1, 2006 has provided the time and
location for the exchange of information among rice
research and extension scientists, rice growers,
representatives of the rice industry, and users of rice
products. This exchange of knowledge has been
beneficial to all concerned and has accomplished the
aims of the RTWG.

Therefore, the resolutions committee, on behalf of the
RTWG, expresses its appreciation to the following
individuals and organizations that have contributed to
the success of the 31* meeting.

1. Don Groth, RTWG Chair, and all other members of
the Executive committee who organized and conducted
this very successful meeting. We recognize Garry
McCauley and his cooperating staff for the timely
completion of organizational details to include
notification correspondence, program preparation,
specific paper presentation standards, and all other tasks
involved with the RTWG.

2. The staff of The Woodlands Waterway Marriot,
particularly Lee Anna Shimek, for their assistance in
arranging lodging, services, and hospitality before and
during the RTWG meeting.

3. The local Arrangements committee chaired by Anna
McClung for the site selection and overseeing
arrangements. To Arlen Klosterboer for his time and
assistance in locating and securing arrangements with
the hotel. To Davee Crowell and Coleen Meitzen for
conducting all aspects of registration, printing of the
program, and for handling many other details of
planning the meeting. To Yubin Yang and Peter Lu for
design and establishment of the RTWG web site and
management of online registration. To Brenda Setliff,
Brandy Morace, Jack Vawter and the Eagle Lake
support staff for all aspects of on site registration and
set up. We appreciate all the aforementioned efforts to
make sure everything was in place so the meeting ran
smoothly.

4. To all other Rice Research Station faculty and staff
who contributed time and effort to make sure this
meeting was a success. Special recognition to the Rice
Research Station research technicians who assisted with
A/V in all concurrent sessions.

5. The Panel Chairs, Shannon Pinson, Larry Falconer,
Mo Way, Olga Sanford, Lee Tarpley, and Mike
Chandler, and moderators for planning, arranging, and
supervising the technical sessions. Special recognition
is due for the efforts of the chairs, Mike Salassi, and
Don Groth to collect, organize, and edit abstracts for
the Website posting and final publication.

6. The paper/poster presenters for sharing results and
new ideas at the meeting.

7. The Mini-Symposium and General Session speakers
for sharing their knowledge and wisdom.

8. Don Groth, Mike Salassi, and the LSU AgCenter
staff for editing and publishing the RTWG proceedings.

9. Rick Norman for his time and effort in creating and
revising a Manual of Operating Procedures and revising
the Memorandum of Agreement

10. Chuck Wilson for creating a permanent web site
for the RTWG and agreeing to continue to maintain this
web site.



11. The RTWG wishes to recognize RiceTec for
sponsoring the social and Riviana Foods Inc. for
contributions to the Awards Luncheon. Also, we wish
to recognize Bayer CropScience, BASF, Dow
AgroScience, Riceland Foods, Doguet Rice Milling
Co., Guadalupe-Blanco River Authority, Rice Farming
Magazine, and RiceCo LLC for their generous
donations helped to make the 31¥ RTWG meeting a
success.

12. Thanks to Clare Hebbard, Noel Yap, and 1. Tecle
for conducting a computer workshop on the use of the
Gramene database.

13. Texas Department of Agriculture for the donation
of “Go-Texan” souvenirs for each of the registered
participants.

14. Weed Science Society of America for the loan of
the easels and poster boards for the poster displays.

15. Texas Rice Improvement Association for helping
with purchasing supplies for the meeting.

SPINDLETOP

RiceTec, Inc.
GUSHER

Bayer CropScience
LONESTAR

BASF

Dow AgroScience
Riceland Foods
Riviana Foods

BLUEBONNET

Doguet Rice Milling Company
Guadalupe-Blanco River Authority
Rice Farming Magazine

RiceCo LLC



Distinguished Rice Research and/or Education Award
Rick Norman

Rick Norman has spent his career increasing his understanding of soil, plant, and fertilizer N pathways to improve
the ability to manage N fertilizer efficiently for rice production. Management of no other fertilizer nutrient presents
a greater challenge to the rice producer than does the effective management of N fertilizer. Likewise, no other
nutrient can deliver greater benefits in increased rice grain yields for effective management. With this philosophy as
his foundation, his research has focused on delineation of N fertilizer response curves for new rice varieties, defining
the use of new N fertilizers and management aids such as urease and nitrification inhibitors in rice, determining the
influence of application time, environment, tillage, water management, stand density, and seeding method on N
uptake and loss, and the development of better N management strategies for rice production through the
investigation of the N balance in paddy soils utilizing the isotopic tracer N-15. He was the first to utilize the isotopic
tracer N-15 to define the uptake and transformations of N fertilizer applied to rice at various growth stages. This
work clearly showed farmers how and why N fertilizer applied at inappropriate times was lost and not taken up by
the rice plant resulting in reduced grain yields and how well N fertilizer applied at the appropriate times was taken
up and why it had such a profound impact on rice grain yields. He developed two ultraviolet spectrophotometric
methods for determining nitrate and nitrite in soils that are more rapid than any other methods, but just as accurate
and precise, and are currently recommend in the Soil Science Society of America 'Methods of Soil Analysis' book
series. He identified the first P deficiency in rice in Arkansas, jump-starting extensive research to delineate the rates
and timings of P fertilizer required for optimum rice production. He discovered that poultry litter could be used to
reclaim precision graded silt loam soils that could not be reclaimed with commercial fertilizer. This research has led
to national recognition as the leader in reclaiming precision grading soils and has been consulted throughout the
Mid-South for advice based on his expertise. This scientist always has the rice farmer in mind as indicated by the
great degree of applicability of his research to farmers’ fields and the many extension recommendations that have
come from his research. He has helped to educate the farmers, extension personnel, researchers, and industry on how
we should best manage N fertilizer in rice so that our recommendations are sound agronomically, economically, and
environmentally.



Distinguished Rice Research and/or Education Team Award
Steve Linscombe, Xueyan Sha, Pat Bollich, Richard Dunand, Larry White, and Don Groth

This research team has been responsible for the release of 17 major rice varieties in the last 14 years, including
Cypress, Cocodrie, Cheniere, CL161, Bengal, Pirogue, Dellrose, and Dellmati to name just a few. Varieties
released by this team have been grown on an average over 60% of the rice acreage in the southern United States for
the last five years. In some states, over 90% of the rice acreage has been planted with their varieties. These varieties
combine high yield, premium quality, excellent milling, good agronomic characteristics, and enhanced seedling
vigor into a single package. These characteristics have helped raise Louisiana’s rice yield 22% in the last seven
years from 5080 1b/A in 1999 to a record 6200 Ib/A in 2005. These accomplishments would not be possible except
for the coordinated efforts of an effective variety development team. Besides cooperating among themselves, the
team works with scientists from other state breeding programs, the U.S. Department of Agriculture-Agricultural
Research Service, and with other rice researchers from around the world. Cooperative ties have been established
with breeding programs and other research entities in China, Brazil, Argentina, Columbia, the Philippines, Japan,
England, Uruguay, Italy, Costa Rica, Belgium, and other countries. The team also has had cooperative interactions
with commercial rice development programs, including RiceTec, BASF, Bayer, and Anheiser Busch. The team has
had extensive interactions with these programs, including evaluating germplasm lines, breeding materials, and
varieties. In addition to cooperative ties with breeding programs, the team interacts with millers, processors,
brewers, and consumer groups to ensure that potential releases meet their quality requirements. This helps ensure
commercial acceptability of the variety after release to the rice farmer. This research team has played a vital role in
maintaining the viability and competitiveness of the Louisiana and southern U.S. rice industries. They have been
honored with the Tipton Team Research Award presented by the Louisiana Agricultural Experiment Station,
Louisiana State University Agricultural Center, in 2003. The members of this team are Steve Linscombe, Xueyan
Sha, Pat Bollich, Richard Dunand, Larry White, and Don Groth.



Distinguished Service Award
Tim P. Croughan

Tim Croughan received his M. S. in Agronomy and Ph.D. degree in Plant Physiology both from the University of
California at Davis. During his studies in California, he worked on improved salt and Aluminum tolerance in rice.
He then moved to Crowley, Louisiana, in 1981 and served at the Rice Research Station. His primary duties in
Louisiana have been conducting research aimed at the improvement of rice through tissue culture, anther culture,
biotechnology, and mutation breeding. He has developed an extensive research program in rice and has trained
several graduate students and visiting scientists in these areas of research. He is the inventor on over 60 patents
that are either pending or issued in the United States and foreign countries. He received over $4 million in grant
funds from state, federal, and private sector sources to support research activities. =~ He also has over 100
publications, including journal articles, book chapters, and general audience articles. The highlight of his career
was the development of the imidazolinone-resistant rice known as Clearfield Rice through mutation breeding. The
varieties developed from these mutations were the first commercially-grown rice that could be sprayed
with herbicides that effectively control red rice. This creation has changed rice production in Southwest Louisiana
and in the rest of the mid south rice producing area, allowing farmers to control red rice, which had severely
interfered with successful rice production. He has also led a project to use biotechnology approaches to control
coastal erosion. Research topics included development of improved salt tolerant bullwhip, synthetic seed
technology, and seed-based planting of smooth cord grass. He has been a member of the RTWG since 1982. He
has served the RTWG as a member of the Local Arrangements Committee, Panel Chairman for Breeding, Genetics,
and Cytology, and member of the Nomination Committee. Since 1999, he has held the position of American
Cyanamid Endowed Professor of Excellence in Plant Biotechnology Molecular Biology and Crop Pest Management.
This scientist retired from the LSU Agricultural Center at the end of December 2004 after 23 years of service to the
Louisiana rice industry.



Distinguished Service Award
J. Neil Rutger

J. Neil Rutger has served the U.S. rice industry for 35 years: 19 years as a USDA-ARS rice geneticist on the
University of California-Davis campus, 4 years as Associate Director of the MidSouth Area, and 11 years as the first
Director of the Dale Bumpers National Rice Research Center.

In California, he demonstrated the usefulness of mutants in rice genetics and breeding, where he and his colleagues
released the first semidwarf table rice variety in the United States, Calrose 76. He immediately used the mutant in
cross-breeding to develop a second variety, M-101. Subsequently, others have used Calrose 76 as the ancestral
source of semidwarfism for numerous additional varieties in California, Australia, and Egypt. As a University
California Davis adjunct professor, this scientist trained 12 M.S. and 12 Ph.D. students; former students occupy rice
research positions in the United States, Brazil, China, Egypt, IRRI, Korea, and Taiwan.

In Arkansas, he led the development of the Dale Bumpers National Rice Research Center, recruiting and organizing
an interdisciplinary team of eight scientists. In 2003, he established the Genetic Stocks-Oryza collection, for
collection and distribution of rice genetic stocks for U.S. researchers. He also developed additional useful
germplasm, including 12 semidwarf mutants, two low phytic acid lines, and semidwarf basmati rice. In the last
decade, he initiated an indica base-broadening program, releasing 13 indica germplasm lines for the United States.
In his total career he has released 60 improved germplasm lines and genetic stocks and published over 180 papers.

This researcher is a former RTWG Chair and served as the USDA-ARS Administrative Advisor to RTWG for two
decades. He was founding chair of the Rice Crop Advisory Committee, member of the National Plant Genetic
Resources Board, the National Plant Germplasm Committee, and the Advisory Committee of the International Rice
Germplasm Committee. He is Fellow of American Society of Agronomy, Crop Science Society of America, former
ARS Scientist of the Year, recipient of the California Rice Industry Award, the RTWG Distinguished Rice Research
and Education Award, the American Nuclear Society Award for Food Production, and the UCD Award of
Distinction.



Distinguished Service Award
Ron Talbert

Ron Talbert taught courses at both the Undergraduate and Graduate levels and was especially active in working with
graduate students as a part of the University of Arkansas' internationally recognized weed science program in
graduate training. Many students who trained under him have accepted positions in rice research and extension with
universities or in agro-businesses that serve the rice industry and continue to make significant contributions to rice
science and education. Through the years, he and his students have done research on a wide variety of problems
associated with the use of herbicides in crops. His research has been instrumental in advancing understanding of
herbicide behavior in soil, factors affecting herbicide selective activity, persistence and carryover, and herbicide
resistance in weeds. He was first to conduct research and monitoring programs on propanil resistant barnyardgrass,
as well as quinclorac-resistant barnyardgrass in rice. His work with clomazone was important in understanding
soil/herbicide interactions of this widely used herbicide in U.S. rice culture. Utilization of Command for annual
grass control saved farmers over $10 million each of the first 2 years it was introduced under a Section 18
Emergency Exemption label. He has been recognized throughout his career with numerous honors and awards:
including the John W. White Outstanding Team Award in 2002; the Spitze Land Grant Award from the Dale
Bumpers College of Agricultural Food and Life Sciences in 1998; the Outstanding Teacher Award from the Weed
Science Society of America in 1998; The Southern Weed Science Society Weed Scientist of the Year in 1991; a
Recognition Award from the Arkansas State Horticultural Society in 1990; the Research Award of Merit from the U
of A Gamma Sigma Delta Chapter in 1990; the Distinguished Service Award - Academia from The Southern Weed
Science Society in 1990; Outstanding Achievement to the Volunteers in Overseas Cooperative Assistance from the
President of the United States of America in 1989, and the Distinguished Service Award from Arkansas Agricultural
Pesticide Association in 1982. He has published over 300 publications. His is currently University Professor
Emeritus of Weed Science, Department of Crop, Soil, and Environmental Sciences at the University of Arkansas
where he has spent his career, of 41 years, teaching and conducting research in the field of Weed Science.



Distinguished Service Award
Fred Turner

This soil scientist received his M.S. degree in flooded soil chemistry with Dr. William H. Patrick at the LSU
Wetlands Biogeochemistry Institute in May 1967. In 1968, he joined the Ford Foundation's Intensive Agricultural
Development Program in India. During the next 2 years, his main input was to develop soil test methods for rice
production. His efforts in India laid the groundwork for a subsequent Ph.D. program which began in January 1971 at
North Carolina State. His studies demonstrated that increased diffusion rate of soil P in flooded soil helped explain
increased P availability to flooded rice plants. In 1974, he accepted the position as assistant professor of rice soils at
the Texas A&M University Agricultural Research and Extension Center in Beaumont, Texas. His first research at
Beaumont stemmed from an EPA-funded grant with Dr. Kirk Brown to evaluate run-off from flooded rice fields.
Resulting data showed that flooded rice fields simulated natural wetland's ability to purify water and biodegrade
chemicals applied to flooded rice fields. In other studies, he and Dr. Charlie Bollich showed that limited mesocotyl
elongation in the initial semidwarf rice variety contributed to poor seedling emergence. This research helped rice
breeders improve emergence of subsequent semidwarf varieties. He was also a member of the team that developed
production practices which increased main crop rice yield by 25% or more in Texas. For their contribution, the team
received the USDA Superior Service Award for Team Research, the Texas A&M University Distinguished
Performance Award, and the RTWG Distinguished Rice Research Team Award. Serving as an adjunct professor for
Rice University in association with Drs. Ron Sass and Frank Fisher, they provided an improved understanding of
factors affecting methane emission from Texas rice fields. The research also led to an irrigation water management
system that can eliminate methane emission without reducing rice yields. The rice production and flooded soil
chemistry research led to consulting in the rice growing regions of India, Egypt, Uruguay, South Africa, Ivory
Coast, Jamaica, Haiti, and Nigeria. This scientist’s cooperative research has significantly improved the
understanding of P chemistry and soil P test for flooded rice soils, demonstrated that the handheld SPAD
chlorophyll meter could be used to estimate a rice crop's need for topdress N and established that about 50% of the
variability in Texas' ratoon rice yield can be explained by the amount of reserve carbohydrates in rice stems at main
crop harvest. He recognizes that his family and co-workers have contributed significantly to his successful career.
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Minutes of the 31" RTWG Meeting

Opening Executive Committee Meeting

In attendance: Don Groth (Chair), Garry McCauley
(Secretary), Mike Salassi (Publications Coordinator),
Rick Norman, Chuck Wilson, Tim Walker, Bill
Williams, Rick Cartwright, C. Michael French, Jim
Hill, Cass Mutters, Pat Bollich, Dave Jones, J. Neil
Rutger, Lee Tarpley and Gene Stevens.

Chair Don Groth called the meeting to order at 4:00
p-m. on February 26, 2006 at Waterway Marriott Hotel
in The Woodlands, Texas.

0Old Business

Don Groth announced that the minutes were published
in the 2004 Proceedings and had been emailed to all
Committee members. He asked for question or
comments regarding the minutes. Rick Norman moved
that the minutes be accepted as presented. Cass Mutters
seconded the motion and the motion passed.

The financial report for the 2004 meetings had been
prepared by Steve Linscombe and emailed to all
members.  Additional copies were passed out to
members. Rick Norman reported that the contingency
fund was now at $14,148.53. Gene Stevens move to
accept the budget report as presented. This was
seconded by Lee Tarpley and the motion passed.

Don Groth recognized Rick Norman to discuss the
Manual of Operations that he had developed since the
last meeting. The MOP had been circulated to all
members for review prior to the meetings. Jim Hill and
Don Groth suggested changes to the MOP. Neil Rutger
noted that the MOP must agree with the MOA, which
was last updated in 1996. He suggested that the MOA
be updated to reflect the existence of the MOP and
agree with it. It was pointed out by Pat Bollich that the
MOP did not define the contingency fund. The level of
the funds was questioned. It was noted that this was
only about 15% of the cost of a meeting. Many
organizations maintain a contingency fund of 50% of
the cost of a meeting. The consensus was that the fund
should continue to grow but evaluated at each meeting.
Dave Jones suggested that the contingency fund
continue to grow with no cap at present. Rick
Cartwright stated that they thought of a seventh panel
related to biotech had been discussed in the RiceCap
meetings. If introduced, this would require further
changes in the MOP and MOA. Rick Cartwright also
introduced the possibility of another award category to
recognize teaching or outreach. Rick Norman
expanded the possibility for an applied award. It was
agreed that Cartwright and Norman would evaluate
these concepts and prepare a motion for the closing
business meeting. Norman agreed to incorporate the
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approved changes and present the final version at the
closing business meeting. Rick Cartwright moved that
the MOP be accepted as an official document of the
RTWG. It was seconded by Rick Norman and the
motion passed. Neil Rutger noted the exceptional job
by Rick Norman in preparing the MOP.

Don Groth recognized Chuck Wilson to discuss the
potential and possibility of a permanent web site. It
was suggested that links to current host states and
contain a digital copy of the prior year’s proceedings.
The proceedings also contain the attending members.
Chuck said this would present no problem. Rick
Cartwright moved that RTWG accept the permanent
web site with Chuck Wilson as web site coordinator.
Lee Tarpley seconded the motion and the motion
passed. Rick Norman moved to make the web site
coordinator an ex-officio member of the Executive
Committee. Don Groth seconded the motion and the
motion passed.

Don Groth recognized Chuck Wilson to present his
report on the evaluation of graduate student competition
at the RTWG meetings. Wilson said that they found the
competition not to be feasible and there were no further
comments.

New Business
Don Groth announced the following awards:

e Distinguished Service Award — Tim Croughan,
J. Neil Rutger, Fred Turner, and Ron Talbert

e Distinguished Rice Research and Extension
Individual Award — Rick Norman

e Distinguished Rice Research and Extension
Team Award — LSU Variety Development
Team

Don Groth asked for inputs for the Necrology Report:
e Roy Smith — Weed Scientist — Arkansas
e Duane Mikkelsen — Soil Scientist — California

e  Errol Lounsberry — Rice Producer and RTWG
Supporter — Louisiana

Don Groth noted that the rice acreage in Florida was so
low that a representative could not be identified and
asked for suggestions. Neil Rutger noted that no action
was required as outlined in the MOA.

Electronic submission and voting for awards was
suggested. Chuck Wilson and Jim Hill will evaluate
this for the 2008 awards.



Other business:

Lee Tarpley introduced a motion to accept papers with
figures and tables for publication in the proceedings
instead of one page abstracts. It was noted that tables
and figures had been accepted at one time but presented
an editing nightmare and had been abandoned. Cost of
publishing and editing was also discussed. It was also
noted that this might prevent later publication due to the
rules of prior publication. Due to the many problems
noted, Tarpley withdrew his motion.

Panel chairs for 2008 should be instructed to do a more
complete job of editing prior to the meeting and to
forwarding abstracts to the publication coordinators.

Missouri announced that they were considering hosting
future meetings.

Don Groth asked if there was any further business to
come before the committee. None was raised. Cass
Mutters moved that the meeting close. The motion was
seconded by Tim Walker and the motion passed.
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Opening Business Meeting

Chair Don Groth called the meeting to order at 8:20
a.m. on February 27, 2006 at Waterway Marriott Hotel
in The Woodlands, Texas. Minutes of the previous
meeting were accepted unanimously without reading
after Neil Rutger moved and Jim Hill seconded.

Chair Don Groth presented a summary of the opening
Executive Committee meeting.

Permanent RTWG web site to be maintained by Chuck
Wilson. The permanent web site will have links to the
web site of the next host state. He will be an ex-officio
member of the Executive Committee.

Student paper competition was considered not feasible.

First MOP developed by Rick Norman was reviewed
and accepted.

MOA was revised to comply with MOP by Rick
Norman and accepted.

Awards election was certified.

Electronic submission of awards and voting was
evaluated. Chuck Wilson and California will evaluate
the possibilities to use this for the 2008 meetings.

Chair Don Groth read the Necrology Report and asked
for a moment of silence for Roy Smith, Duane
Mikkelsen, and Errol Lounsberry.

The assembly was advised that the Nominations
Committee was not complete and would be presented at
the closing business meeting.

Don Groth asked that the Panel Chairs and committees
submit materials and reports as soon as possible to
accelerate the publication of the 31% RTWG
Proceedings.

Garry McCauley announced the program changes since
the program was publication.

Don Groth asked for a motion to adjourn the business
meeting, Jim Hill moved for adjournment and Neil
Rutger seconded the motion. The motion passed and
Don Groth closed the meeting at 8:40 a.m. February 27,
2006.



Closing Executive Committee Meeting

In attendance: Don Groth (Chair), Garry McCauley
(Secretary), Mike Salassi (Publications Coordinator),
Rick Norman, Chuck Wilson, Tim Walker, Bill
Williams, Rick Cartwright, C. Michael French, Jim
Hill, Cass Mutters, Pat Bollich, Dave Jones, J. Neil
Rutger, Lee Tarpley, and Gene Stevens.

Chair Don Groth called the meeting to order at 7:00
a.m. on March 1, 2006 at Waterway Marriott Hotel in
The Woodlands, Texas.

Don Groth recognized Rich Norman to present the
revised MOP and MOA incorporating comments and
suggestions from the opening business meeting. A
revised copy was presented to the members with
changes highlighted in blue. After a review, a motion
was made by Dave Jones to accept the revised MOP
and MOA with a second by Neil Rutger. The motion
passed.

During the opening business session, Rick Cartwright
had suggested an additional award category to
recognize teaching and outreach and the creation of a
seventh panel for biotech researchers. He moved that
these issues be tabled for further review.

Missouri representative, Gene Stevens, ask that they be
put in the rotation to host the RTWG meeting. Garry
McCauley suggested that they enter the rotation
following California to host the 2010 meeting.
Mississippi had no objections to this proposal. A
motion was made by Don Groth that Missouri enter the
rotation and host the 2010 meeting and it was seconded
by Michael French. The motion passed. Tim Walker
noted that the Mississippi representative to the 2008
local arrangements committee be replaced with a
Missouri representative.

Rick Cartwright recognized Rick Norman for his work
in preparing the first MOP and revisions to the MOA.
Rick Norman noted that someone on the board must
shoulder the responsibility of reviewing and revising
the MOP and MOA prior to each meeting. Garry
McCauley made a motion that the past chair be
responsible for updating these documents each year
since they would have the most experience regarding
the RTWG operations. It was seconded by Rick
Norman and the motioned passed.

Don Groth called for any unfinished business or new
business to be brought before the committee. None was
introduced. Rick Norman made a motion to adjourn. It
was seconded by Tim Walker and the motion passed.
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Closing Business Meeting

Chair Don Groth called the meeting to order at 8:30
a.m. on March 1, 2006 at the Waterway Marriott Hotel
in The Woodlands, Texas.

Chair Don Groth announced that the Missouri
delegation has ask and been accepted in the rotation to
host the RTWG meetings. Missouri will enter the
rotation after California and host the 2010 meeting.
This will create a 12-year instead of a 10-year rotation.

There was one addition to the necrology report. Dr.
William “Bill” Patrick a wetlands soil scientist with
LSU passed away this year. There was a moment of
silence for Dr. Patrick.

Chair Don Groth called for committee reports.

Tim Walker read an abbreviated edition of the
Resolutions Committee Report thanking those people
and organizations for their effort, participation, and
support of the 31* RTWG meeting.

Don Groth presented the Publications Coordinator
report. He recognized Pat Bollich for his work in
editing and publishing the 2004 proceedings. Pat
Bollich has been promoted and moved to administration
outside of rice. Mike Salassi will replace Bollich as the
Co-Publications Coordinator. Information or comments
regarding the 2006 proceedings should be directed to
Groth or Salassi.

The Rice Crop Germplasm committee had no report.

The Acreage Committee report was presented by
Johnny Saichuk.

The Industry Committee had no report.

It was noted that recognition of Chuck Wilson for his
efforts in creating a permanent web site will be added to
the Resolutions.

A motion to accept the committee reports was made by
Karen Moldenhauer and seconded by Chuck Rush and
the motion passed.

The Nominations Committee report was presented in
writing to Don Groth by Jim Hill prior to the meeting as
he would not be present. Don Groth read the
nominations for 2006-2008. These are:

Secretary/Program Chair: Randall “Cass” Mutters



Geographic Representatives:

Arkansas Rick Cartwright
California Chris Greer
Florida Ronald Rice
Louisiana Steve Linscombe
Mississippi Tim Walker
Missouri Gene Stevens
Texas Lee Tarpley
Industry Dave Jones
Nominations Committee:

Arkansas Rick Cartwright
California Chris Greer
Florida Ronald Rice
Louisiana Steve Linscombe
Mississippi Tim Walker
Missouri Gene Stevens
Texas Lee Tarpley
Industry Dave Jones

A motion to accept the Nominations Committee reports
was made by Jason Bond and seconded by Karen
Moldenhauer and the motion passed.

Don Groth thanked the Texas delegation for their hard
work that went into making the 31¥ RTWG a success.
Don Groth passed the gavel to Garry McCauley. Garry
McCauley thanked Don Groth for his hard work during
his four years of service to the RTWG. He presented
Don a plaque recognizing his contribution to the
RTWG. Don Groth thanked all those that had
supported his efforts during those four years.

Garry McCauley recognized Cass Mutters as Secretary
of the 2008 RTWG. Cass announced that the meetings
would be in California and in the February-March time
frame at a yet to be determined location.

There was no additional business for the 31¥ RTWG. A
motion to adjourn the meeting was made by Rick
Norman and seconded by Tim Walker and the motion
passed. The meeting was adjourned.
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SPECIAL COMMITTEE REPORTS
Nominations Committee

The Nominations Committee proposed the following
individuals for membership on the 2008 RTWG
Executive Committee and Nominations Committee:

Executive Committee:
Chair: Garry McCauley
Secretary: Randall Mutters

Geographical Representatives:

Arkansas  Rick Cartwright
California  Chris Greer
Florida Ronald Rice
Louisiana  Steve Linscombe
Mississippi  Tim Walker
Missouri Gene Stevens
Texas Lee Tarpley

Nominations Committee:

Arkansas  Rick Cartwright
California  Chris Greer
Florida Ronald Rice
Louisiana  Steve Linscombe
Mississippi  Tim Walker
Missouri Gene Stevens
Texas Lee Tarpley
Industry Dave Jones
Submitted by
Jim Hill

Rice Crop Germplasm Committee

The 26™ meeting of the Rice Crop Germplasm
Committee met Sunday, February 26, 2006, at the
Woodlands, Texas. Members in attendance were Karen
Moldenhauer, Chair, Farmin Jodari, Dwight Kanter,
Jim Oard, Jim Correll, James Gibbons, Georgia
Eizenga, Harold Bockelman, Neil Rutger, Kay
Simmons, and Mark Bohning. Others in attendance
were Clarissa Maroon-Lango, Kent McKenzie, Thomas
Tai, Fleet Lee, Anna McClung, Wengui Yan, David
Gealy, Yulin Jia, Junda Jiang, Robert Miller, Xueyan
Sha, Donn Bieghley, Kirk Johnson, Donna Mitten,
Chris Deren, Jeff Oster, Carl Johnson, and Lorie
Bernhardt. Minutes were approved by a motion and
seconded by Kanter and Gibbons. The crop
vulnerability statement was distributed with an update
of seedling diseases. Kay Simmons gave the national
program staff report, including proposed budget, new
staffing position for GSOR at DBNRRC, international
germplasm items that will be continuing in 2006, and
the retirement of Dr. Stoner. Mark Bohning told of the



CGC biannual meeting to be held at Ames, lowa, in
2006. Harold Bockleman gave an update on the list of
rice germplasm accessions since March 2005 and
clarified that only parents from mapping populations
based on Crop Science registrations are to be included
in the bank with PI numbers assigned. Dave Marshall
was given special recognition for his work with rice
quarantine. Clarissa Maroon-Lango of APHIS
explained her role as leader of quarantine and indexing
programs for sugarcane, grasses, and rice and molecular
diagnostics. Plans for 2006 include processing and
growing out of 200 accessions in APHIS greenhouse.
Problems encountered include a continued backlog of
accessions in storage at Ft. Collins and numerous cases
of non-viable seed. Discussion centered on the need for
viability testing, elimination of duplicate samples, and
prioritizing lists. A motion was made by Rutger and
seconded by Kanter to eliminate duplicates, especially
when not from country of origin. A second motion was
made and seconded to prioritize the accession backlog
in the following order: Japan, Bangladesh, and
Indonesia. Rutger reported on the Rice Genetic Stocks-
Oryza (GSOR) collection based at USDA ARS
DBNRRC. Requests for seed samples of eight genetic
stocks and 27 Nipponbare were received in 2005. The
Nipponbare is descended from T. Sasaki provided to
the International Rice Gene Sequencing project. The
GSOR has 24 genetic stocks for distribution. The
GSOR website is:
http://www.ars.usda.gov/Main/docs.htm?docid=8320

An update on state policies for growing GM rice
revealed that only California and Arkansas have laws
establishing guidelines for growing rice with traits of
commercial impact. Jeff Oster presented an update on
incidence and control of Bakanae disease. Arkansas,
Louisiana, and Missouri have restrictions on rice seed
imported from California. Yan described the progress in
the characterization of the core collection. The
nomination committee reappointed Gibbons, Correll,
and FEizenga for new 6-year terms. Woodruff was
nominated and elected industry rep member, and
Gibbons was nominated and elected Chair of the CGC
for a 2-year term.

Submitted by
Karen Moldenhauer

Publication Coordinator/Panel Chair Committee

Publication Coordinators Don Groth and Mike Salassi
met with the 2006 Panel Chairs at 2:00 p.m. on
February 26, 2006, at The Woodlands Waterway
Marriott in The Woodlands, Texas.
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Discussion centered on session operating procedures,
including panel recommendations, procedural issues
regarding concurrent sessions, CCA credit, and
publication of abstracts in the proceedings. Timely
submissions, editorial review by chairs, and quality of
abstracts were stressed for the proceedings. It was
stated that if an oral or poster presentation was not
given the abstract would not be published in the
proceedings. All changes in operating procedures will
be incorporated into the RTWG guidelines for
preparation of abstracts in the 2006 proceedings.
Proceedings should be available in both hard copy and
CD format within 8 months of the meetings.

Submitted by
Don Groth and Mike Salassi

Rice Variety Acreage Committee

The Rice Technical Working Group (RTWG) Acreage
Committee met on February 26, 2006. In attendance
were: Chris Greer and Kent McKenzie, California;
Chuck Wilson, Arkansas; Johnny Saichuk, Louisiana;
Nathan Buerhing, Mississippi; Don Beighley and Bruce
Beck, Missouri; Jim Stansel and Ted Wilson, Texas.
Also in attendance was Pat Bollich of Louisiana.

Johnny Saichuk distributed copies of the 2004 minutes,
which were accepted as presented. He also presented
copies of acreage reports from all states except
California for 2004 and 2005 crops.

Chuck Wilson addressed the trends he expected in
Arkansas for 2006. He stated he expected acreage to
decrease from 1.64 million acres in 2005 by 10 to 15
percent. Medium-grain acreage on the other hand was
likely to increase by 150,000 acres because of the
premium on medium-grain rice. Clearfield lines could
occupy 30 percent of the Arkansas acreage in 2006.
According to reports from Horizon Ag, he said there
should be enough seed to plant 1 million acres in 2006
in the entire Gulf Coast region.

Kent McKenzie explained changes in the California rice
industry responsible for the lack of a report from
California. He indicated these changes made gathering
detailed acreage by variety by county nearly
impossible. He had attempted to obtain assistance from
the state Farm Service Agency but was not successful.
He said he has also approached the California Rice
Commission without result. He further stated he hoped
to be able to find another source of this information
prior to the next RTWG meetings.



Johnny Saichuk said rice acreage was expected to drop
by 25 to 30 percent prior to hurricanes Katrina and Rita,
with Rita having made the greatest impact on
Louisiana’s rice area. In the aftermath of Rita, it only
made decisions easier for some farmers who had not yet
decided whether to grow rice in 2006. Some acres were
eliminated from production because of salt
contaminated soil and some farmers chose not to fight
the remediation battles until the rice economic situation
improved. He also stated the state’s acreage would
remain 98 to 99 percent long-grain. When asked about
the hybrids and Clearfield varieties, he said in excess of
160,000 acres had been planted to Clearfield lines and
that a steady interest in the hybrids remained especially
for those who produced a ratoon crop.

Mississippi reported a likely decrease from 265,000
acres in 2005 to around 225,000 acres in 2006, a drop
of 10 to 15 percent. All of Mississippi’s acreage will be
planted to long-grain varieties. He said the lack of
purchases by Uncle Ben’s had less to do with the
decrease than did the price. He said the hybrids did not
get a fair evaluation because hurricane Katrina caused
them to shatter excessively.

Based on a steady increase in rice production over the
past several years in Missouri, 2006 acreage was
expected to be up according to Bruce Beck. Cocodrie
acreage was declining, however, Cheniere acreage was
increasing. Acreage devoted to Clearfield rice
increased from 2% in 2004 to 12% in 2005. Hybrid
acreage was probably greater than indicated in the filed
report because he could not get good estimates by
variety, especially the hybrids. Total acreage could
increase or decrease by 5% next year.

Jim Stansel of Texas said an updated report had been
submitted which Johnny Saichuk later confirmed.
Acreage in Texas was likely to decrease again by as
much as 30 percent, but he still held out hope that a
25% drop was more reasonable. Cocodrie was by far
the dominant variety. The hybrids made up about 5%
of the total while the Clearfield lines made up about
15%. CL131 had performed well in 2005 so was
expected to increase in popularity in 2006. Ninety
percent of the acreage was planted to long-grain
varieties a distribution to continue.

In discussions about the long-term outlook, California
reported excessive milling capacity, which was leading
to either an increase in production to meet the needs of
the millers or closing of mills to match production.
Johnny Saichuk reported Riviana Rice Mill in
Abbeville, Louisiana, had sent out an e-mail to its
employees stating the mill would operate through the
2006 season then would be for sale. Kent McKenzie
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said there was some interest in growing specialty rice in
California, especially colored bran rice. He was not
sure how much would be grown and whether their
production could lead to confusion about red rice. Rice
production for biofuels had been explored in Texas,
according to Ted Wilson, but was not economically
feasible without government support. In Missouri, the
Ventria Biosciences project to grow pharmaceutical rice
had been stopped by Anheiser Bush and other buyers
over fear of public reaction to possible contamination of
their products with GMO rice. The project is not
completely dead according to Bruce Beck.

The committee then adjourned the meeting.

Submitted by
Johnny Saichuk

Industry Committee

The Rice Technical Working Group Industry
Committee again held a successful luncheon at the 31%
RTWG meetings in The Woodlands, Texas, on Monday
February 27, 2006, at The Woodlands Waterway
Marriott Hotel and Convention Center. The purpose of
the Industry Committee luncheon is to enhance the
meeting experience in several ways. First, it serves as a
means of strengthening the cohesiveness of the
committee itself, allowing the committee members to
become better acquainted with each other. Since the
luncheon is open to all attendees of the Rice Technical
Working Group meeting, it naturally encourages an
interaction between industry and public sector
researchers.  Finally, it serves as another meeting
opportunity where an invited speaker may share with
the RTWG membership their thoughts and information
on timely topics.

The 2006 Industry luncheon met all of these goals. The
luncheon was attended by 50 guests who heard Mr.
Dwight Roberts, President and CEO of the U.S. Rice
Producers Association, speak about the programs the
association is currently actively using to promote U.S.
rice, both nationally and internationally.

The Industry Committee would like to thank Dr. Anna
McClung, Chairman, Local Arrangements Committee,
for her invaluable assistance in coordinating the
luncheon.

The Industry Committee looks forward to again hosting
a luncheon at the 32™ RTWG meetings in California in
2008.

Submitted by
Dave Jones
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2005 MISSOURI RICE ACREAGE

Percent of Acres

Variety Approximate Acres Planted
Wells 84,400 40%
Francis 33,700 16%
Cheniere 33,700 16%
Cocodrie 27,400 13%
Clearfield 161 25,300 12%
Banks 2,100 1%
RTX8 2,100 1%
Cybonnet 2,100 1%

Variety data from D.J. Herzog, Manager, Riceland Foods, Corning, AR.

Acreage data from Missouri Agricultural Statistics.
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RECOMMENDATIONS OF THE PANELS
BREEDING AND GENETICS

S. PINSON, Chair; K. MCKENZIE Chair-Elect (2008);
D. BEIGHLEY, B. BLANCHE, H. BOCKELMAN, D.
BRADSHAW, E. CHRISTENSEN, Q. CHU, I
COCKRELL, F. CORREA, L. DE MATTOS, H. DU,
L. ESORINOS JR., P. FRANK, F. FROST, I.
GIBBONS, M. GRUSAK, T. HALL, M. HINGA, S.
HUNG, Y. IBRAHIM, Y. JIANG, F. JODARI, C.
JOHNSON, K. JOHNSON, D. JONES, D. KANTER,
C. LAY, S. LEONG, V. LIBROJO, D. MACKILL, C.
MARTINEZ, A. McCLUNG, S. MOON, N.
NARAYANAN, D. PARK, J. PENDERGAST, J.
SAICHUK, O. SAMONTE, G. SARREAL, A.
SHARMA, X. SHI, R. TABIEN, T. TAI, E.
TIONGCO, H. UTOMO, M. VASCONCELOS, E.
VRANCKEN, J. WANG, X. WANG, I. WENEFRIDA,
B. WOODRUFF, W. YAN, Participants.

Cooperation of rice breeders and geneticists with
pathologists, physiologists, cereal chemists, soil
scientists, agronomists, entomologists, and weed
scientists is essential in developing superior cultivars
that will afford maximum and stable production of rice
desired by consumers. Much of this progress is
dependent on coordinated research to develop improved
methodologies. The close working relationship
maintained with all segments of the rice industry should
be strengthened wherever possible, including
consideration of the newest recommendations of the
other RTWG Panels.

Present research and development should be continued
or new research development initiated in the following
areas:

Genetics

Additional information is needed on the mode of
inheritance of economically important characters.
Phenotypic and genetic associations among such
characters should be determined. Basic research is
needed to determine the factors influencing pollination
and fertilization over a wide range of plant
environments. Efforts should be made to incorporate
the cytoplasmic and nuclear genetic elements necessary
for hybrid rice production into germplasm that is well
adapted to the respective rice growing areas. Also,
information on the feasibility of economic production
of hybrid seed and amount of heterosis obtainable under
grower cultural practices is needed. Genetic control of
efficiency of solar energy conversion, including
photosynthetic efficiency, respiration losses,
translocation rates, source-sink relationships, plant
morphology, chlorophyll quality and quantity, etc.,
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must be explored to determine if such factors can
benefit the development of superior yielding varieties.
Particularly in some areas along the Gulf Coast,
improving ratoon crop yield potential is very important
to the profitability of producers. Developing an
understanding of the genetic, physiological,
morphological, and environmental factors that influence
ratoon crop yield is important for varietal improvement.
Genetic stocks that have current or as-yet-unanticipated
value should be preserved by entry into the newly-
established Genetic Stocks-Oryza (GSOR) collection.
Materials contributed will be accessible through GRIN
and will be available to all interested researchers.

Molecular Genetics and Genetic Engineering
Molecular genetic studies of rice have accelerated
rapidly due to the favorable qualities of this species,
including its small genome size and ease of
transformation. Molecular markers, such as RFLPs,
RAPDs, AFLPs, microsatellites, and SNPs, have been
used to map loci controlling economically important
traits. This knowledge should be extended to public
and private breeders for application in marker-assisted
selection schemes. Public user-friendly databases
should be created, maintained, and updated for the
ongoing advance of this science. The technology
should be applied to mapping the traits listed above that
have not been studied. Particular attention needs to be
focused on developing markers such as microsatellites
that can be used in crosses between japonica rices.
Genetic engineering is considered an emerging tool that
will complement traditional methods for germplasm
and varietal development. Genes for herbicide, insect,
and disease resistance are being isolated and transferred
to elite lines for field evaluation. Rice breeders should
cooperate with molecular biologists for proper
evaluation and selection of transgenic lines that would
benefit the rice producers. When available, genes for
increased yield and grain quality should be transferred
into elite lines.

Response to Environment

Superior-yielding, widely adapted varieties should be
developed that have increased tolerance to low soil,
water, and air temperatures; greater tolerance to
prolonged extremes in day/night temperatures during
flowering and grain filling stages that reduce grain and
milling yields and increase spikelet sterility; greater
tolerance to saline or alkaline conditions; plant types
with the capability of utilizing maximum available light
energy and of possessing reduced water requirements.
However, because of the geographical and climatic
diversity among rice-producing areas in the U.S., a need
still exists to develop varieties for specific areas. New
varieties and advanced experimental lines should be
tested for reaction or response to registered/



experimental pesticides in order to determine whether
they are tolerant or susceptible to chemicals already in
wide usage for which may be widely used in weed,
disease, or insect control.

Resistance to Diseases and Insects

Intensive studies are required to develop varieties
resistant to economically important diseases and
insects. Breeding for increased resistance to all known
races of rice blast fungus (Pyricularia oryzae), rice
sheath blight fungus (Rhizoctonia solani), aggregate
sheath spot fungus (Rhizoctonia oryzae sativae), and
stem rot fungus (Sclerotium oryzae) should be
emphasized with the objective of obtaining highly
resistant varieties within all maturity groups and grain
types. Efforts should be made to develop varieties with
greater field resistance to these and other diseases.
Breeding for resistance to brown spot (Bipolaris
oryzae), kernel smut (Neovossia horrida), false smut
(Ustilaginoidea virens), the water mold complex
(Achlya and Pythium spp.), sheath rot (Sarocladium
oryzae), narrow brown leaf spot (Cercospora
janseana), bacterial panicle blight (Buckholderia
glumae), bakanae (Gibberella fujikuroi), leaf scald, leaf
smut, “pecky rice,” and the physiologic disease
straighthead should be continued. A continuing
emphasis on sources of resistance to these diseases in
intensified cultural systems is needed. Breeding for
insect resistance to rice water weevil (Lissorhoptrus
oryzophilus (Kuschel)), rice stink bug (Oebalus pugnax
(Fabricius)), and stored grain insects is also encouraged.

Oryza Species

Other species of Oryza may contain the needed
resistance or tolerance genes to important diseases,
insects, and environmental stresses and/or grain
chemical qualities that have not been recovered in O.
sativa. Evaluation of these species and the transfer of
desirable factors into adapted rice lines should be
pursued. As germplasm lines are recovered from
interspecific crosses, cooperative evaluation for disease
resistance, insect resistance, and other features of
interest would be desirable. Data from these
evaluations should be entered in GRIN/GRAMENE.

Fertilizer Response

Factors that determine fertilizer response and lodging
resistance and affect yield components are closely
associated in determining total production and quality
of grain. These factors must be studied collectively in
order to understand the effects of quality, quantity, and
timing of fertilizer applications on plant growth and
yield components.  Efforts should be increased to
develop varieties that give maximum yield per unit of
nitrogen fertilization.
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Processing, Cooking, and Nutritional

Characteristics

Basic studies are needed to learn more about the role of
each constituent of the rice kernel in processing,
cooking behavior, and nutritional value. As these
properties are more clearly delineated, new techniques,
including bioassays, should be developed to evaluate
breeding lines for these factors. These studies should
be coordinated with attempts to genetically improve
grain quality factors, including translucency, head rice
yields, protein content, and cooking properties. There
is increased interest in developing rice cultivars to
target specialty markets, such as soft cooking rice,
aromatics, waxy types, Basmati types, and Japanese
premium quality rices. Research efforts need to be
directed toward determining quality traits associated
with various specialty rices, analytical methods for
evaluation,  genetic  variability, influence  of
environmental variables on character expression, and
factors associated with consumer acceptance.

Cultivar Performance and Seed Source of Cultivars
and Superior Breeding Materials

Rice breeders are responsible for obtaining and making
available information on performance of rice cultivars
and elite germplasm stocks. They also are responsible
for maintaining breeder seed of recommended cultivars
developed by public agencies. In addition, they must
ascertain that stocks of superior breeding material are
developed and maintained. Wide germplasm bases are
needed and must be maintained. All breeders and
geneticists must make continuing efforts to preserve
and broaden the world collection of rice. In order to
enhance the rapid use of rice plant introductions and the
exchange of pertinent information, we must work with
those responsible for plant introduction, description,
and dissemination of rice accessions and pertinent
information.  Increased efforts are also needed to
evaluate and maintain all entries in the active, working
collection and to enter all descriptive data into the
automatic data storage and retrieval system developed
for the USDA Rice World Collection.

Germplasm Evaluation and Enhancement

Efforts should be made to develop relatively adapted,
broad-based gene pools having a diversity of
phenotypic and genotypic traits. Characteristics include
components required for increasing yields of future
cultivars and/or hybrids, such as straw strength, seed
size, and number of florets per panicle. Other useful
characteristics as may be identified during evaluation
efforts may be incorporated into existing or new pools
as appropriate. Genetic male steriles and/or
gametocides may facilitate these efforts. This should
not detract from continuing to develop a gene pool of
high grain yield irrespective of quality or other



undesirable characters. Development of indica
germplasm with high yield and grain quality standards
similar to U.S. cultivars should be pursued. The core
subset strategy should be an effective way to evaluate
germplasm collections. A core subset of about 10% of
the U.S. rice collection has been established.
Comprehensive evaluations of the core subset for
phenotypic descriptors and DNA fingerprinting should
be pursued by cooperative federal, state, and industry
efforts.

Training of New Rice Breeders

There is concern about the shallow talent pool from
which to select new breeders and geneticists to
supplement and replace current and retiring U.S. rice
researchers. New and specific efforts to develop and
train our next generation of scientists need to be
undertaken. In addition to developing rice germplasm
and knowledge, all rice researchers, but especially
breeders and geneticists, are encouraged to interact with
the public at many levels, educating students from
Kindergarten through Ph.D. levels about these fields of
research and encouraging students to enter them.
Interest in molecular genetics is currently high. That,
combined with the fact that rice has served as a genetic
model for other crops, the geneticist pool is presently
larger than the pool for breeders. But it is believed that
the model crop advantages are already waning.
Interaction with K-12 students, teachers, science
curriculum coordinators, and advisors is strongly urged
as a means to encourage students to select pre-breeding
fields of study for their B.S. Interaction with B.S.
students will be required to encourage them to continue
their studies with higher degrees to become
knowledgeable breeders and geneticists. In addition to
genetics knowledge, breeders must know both the
theoretical issues of field design and the practical issues
of field set-up and must have an understanding of
environmental interactions and genotype response.
Students from the B.S. through the Ph.D. levels should
be encouraged to gain both laboratory and field
training. Changes in college degree requirements may
be required.
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ECONOMICS AND MARKETING

L. FALCONER, Chair; D. SUMNER, Chair-Elect
(2008); N. CHILDS, B. PAGANOS, B. WATKINS, H.
BRYANT, A. DURAND, R. MANE, E. CHAVEZ, J.
THOMPSON, J. HILL, S. DEVILLIER, J. HIGNIGHT,
L. POZDNYAKOVA, M. SALASSI, and E. WAILES,
Participants.

Supply/Production Research

Investigate water use practices in various rice producing
regions and estimate the costs to producers of
compliance with proposed EPA water use and quality
regulations.

Identify factors accounting for differences in cost of
production by state and region.

Provide economic analysis of conventional and
experimental rice production systems by producing
region. The main objective is to improve farm
management decisions.

Estimate the economic impact of rice field topography
and harvest technology. Major impacts will be reduced
costs, enhanced planting, water management, and
harvesting efficiency.

Evaluate and measure economic impacts of
environmental and recreational costs and benefits
associated with rice production.

Evaluate the impact of adoption of genetically
improved rice varieties on producer welfare, prices, and
cost of production.

Analyze the economic impact of identity preservation
and variety contracting on the U.S. rice market.
Make economic comparisons of alternative rice
varieties and associated cultural practices.

Make economic comparisons of alternative land tenure
arrangements and respective returns to landowners,
tenants, and waterlords.

Make economic evaluation of alternative enterprises as
a component of rice farming systems.

Policy, Demand, and Marketing Research

Identify factors that are affecting rice consumption in
the United States and study marketing schemes that
may impact per capita consumption.



Estimate the impact of rice on U.S.

consumption and production.

imports

Evaluate potential impacts of the current round of the
WTO on global rice trade and the competitiveness of
the U.S. rice industry.

Develop a full export-import trade matrix for
international rice by grain type and quality.

Investigate various marketing alternatives available to
rice producers.

Evaluate the performance of the rough rice futures
market.

Examine changes in the structure of the U.S. rice
industry and determine the implications for producers
and consumers.

Evaluate the potential market for rice by-products and
new value-added products.

Evaluate how changing markets impact the structure of
the rice industry from the farm level to retail.

Other Information

The Economics and Marketing Panel periodically
recognizes two separate awards in the Panel meetings,
the Outstanding Graduate Student rice research paper or
thesis and the Outstanding Rice Economist/Marketing
Research/Extension Service Award.  The awards
committee is chaired by the past co-chairs of the
Economics and Marketing panel. Submissions for these
awards in 2008 should be forwarded by December 20,
2007 to Larry Falconer at Texas A&M University.
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PLANT PROTECTION

M. WAY, Chair; L. GODFREY, Chair-Elect (2008);
F.E. NWILENE, J.P. KRAUSZ, D.S. PARK, P.A.
BOLLICH, M.C. RUSH, R. NANDAKUMAR, M.
STOUT, J. HAMM, F. REAY-JONES, F.N. LEE, S.
BROOKS, F. CONNEA. C. PARSONS, L. SCHMIDT,
K. JOHNSON, L. ANDERSON, E. TIONGCO, 1J.
OARD, R. PORTER, L. ESPINO, R. MILLER, E.
SUTTON, Y. JIA, J. BERNHARDT, B. CASTRO, J.
OLSON, S. LAWLER, L. ALDRICH, T.J. MUIR, S.
DEVILLIER, F. FROST, J. OSTER, and D. GROTH,
Participants.

Diseases

The principal objectives of basic and applied rice
disease research in the United States include more
complete understanding of molecular mechanisms of
pathogenesis of the pathogen, host resistance to rice
pathogens, and the ultimate control of the diseases.
Ultimately, an effective and integrated disease
management program relying on resistance, cultural
practices, and chemical control based on cooperative
research with scientists in agronomy, entomology, and
weed science should be striven for. If future advances
are made in the understanding and application in
biological or molecular-genetic control aspects, these
factors should be developed and included in the
program.

Major yield and quality diseases in the United States
causing damage to the rice crop each year currently
include sheath blight, caused by Thanatephorus
cucumeris (A.B. Frank) Donk (anamorph: Rhizoctonia
solani Kiihn); stem rot caused by Magnaporthe salvinii
(Cattaneo) R. Krause & Webster (synanamorphs:
Sclerotium oryzae Cattaneo, Nakataea sigmoidae
(Cavara) K. Hara); blast caused by Pyricularia grisea
Sacc. = P. oryzae Cavara (teleomorph: Magnaporthe
grisea (Hebert) Barr); kernel smut caused by Tilletia
barclayana (Bref.) Sacc. & Syd. in Sacc. = Neovossia
horrida (Takah.) Padwick & A. Khan; and bacterial
panicle blight caused by Burkholderia glumae Kurita &
Tabei. Seed rot and seedling diseases continue to be
major stand establishment problems in both water- and
dry-seeded systems, especially with the trend to earlier
planting dates. In water-seeded systems, Achlya and
Pythium spp. are important while Pythium, Rhizoctonia
and possibly Bipolaris, Fusarium and other fungi have
been considered important in dry-seeded rice in the
South.  The role of seedborne Pyricularia and
Burkholderia in stand establishment and later epidemics
should continue to be investigated. Straighthead, a
physiological disease, remains a major problem in
certain areas.



Diseases that are more locally important include narrow
brown leaf spot caused by Cercospora janseana
(Racib.) O. Const. = C. oryzae Miyake (teleomorph:
Sphaerulina oryzina K. Hara); aggregate sheath spot
caused by Ceratobasidium oryzae-sativae Gunnell &
Webster  (anamorph:  Rhizoctonia  oryzae-sativae
(Sawada) Mordue); brown spot caused by Cochliobolus
miyabeanus (Ito & Kuribayashi) Drechs. ex Dastur
(anamorph: Bipolaris oryzae (Breda de Haan)
Shoemaker); false smut caused by Ustilaginoidea
virens (Cooke) Takah.; crown sheath rot caused by
Gaeumannomyces graminis (Sacc.) Arx & D. Olivier;
and bakanae caused by Gibberella fujikuroi Sawada
Wollenworth (anamorph: Fusarium fujikuroi Nirenberg
= F. moniliforme J. Sheld.). White tip, a nematode
disease of rice caused by Aphelenchoides besseyi
Christie, remains an economic constraint to rice exports
in the southern United States although direct yield and
quality losses in the field remain minor. Peck of rice,
caused by a poorly defined complex of fungi and
possibly other microbes in concert with rice stinkbug
feeding, remains a problem in certain areas and years.

Currently, minor diseases include leaf scald caused by
Microdochium oryzae (Hashioka & Yokogi) Samuels &
I.C. Hallett = Rhynchosporium oryzae Hashioka &
Yokogi; sheath rot caused by Sarocladium oryzae
(Sawada) W. Gams & D. Hawksworth
Acrocylindrium oryzae Sawada; stackburn disease
caused by Alternaria padwickii (Ganguly) M.B. Ellis;
sheath spot caused by Rhizoctonia oryzae Ryker &
Gooch; and leaf smut caused by Entyloma oryzae Syd.
& P. Syd. A minor and confusing strain of
Xanthomonas caused symptoms on rice in the early
1990s in part of Texas and Louisiana. Originally
identified as a weakly virulent strain of Xanthomonas
oryzae Ishiyama pv. oryzae Swings, the cause of
bacterial leaf blight in other parts of the world, recent
information suggests this strain differs from XOO.
More definitive molecular research is needed to
separate these strains.

Miscellaneous diseases and problems of currently
unknown cause are scattered in the rice growing regions
of the United States and include an unidentified crown
rotting disease, forms of hydrogen sulfide toxicity
(autumn decline), eyespot disease, sheath blotch, white
leaf streak, undefined leaf bronzing, and various grain-
spotting problems.

Areas in which research should be continued or
initiated concerning the following:

1. Systematic and coordinated field monitoring and
diagnostics should be established and continued long-
term in the various rice states to detect new pathogens
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or changes in existing ones. Yearly surveys should be
conducted to support existing and future research and
extension programs, including breeding efforts.

2. The cooperative testing and breeding program with
rice breeders should be continued for the development
of improved disease-resistant rice varieties. Newly
released varieties should be fully evaluated for reaction
to the recent field isolates. In addition, screening
programs should endeavor to locate new germplasm
with high degrees of resistance to major and developing
diseases while susceptibility to other problems should
be monitored. Straighthead testing should continue and
cooperative regional or area testing should be
encouraged.

3. A comprehensive testing program focused on new
and existing chemical therapeutic control options
should be continued with regional coordination
encouraged. A better understanding of efficacy and
economic return under realistic field conditions should
be emphasized in the future, in addition to inoculated
efficacy trials. The discovery and development of
improved scouting and detection methods, and decision
thresholds should be continued. Measurement of crop
loss to various diseases under different conditions
should be encouraged.

4. Genetic and chemical control options should be
researched for early planted rice to improve the
reliability of stand establishment and survival each
year.

5. Research on the molecular genetics of host/parasite
interactions including molecular characterization of the
pathogen isolates and their interaction mechanisms with
rice in U.S. rice and the use of molecular genetics and
biotechnology including genetic engineering, molecular
assisted breeding, and biotechnology based tools to
improve disease control should be a high priority.

6. Research on the effects of cultural practices on
disease incidence and severity and the interaction of
rice soil fertility (mineral nutrition) and other soil
factors in disease severity should be continued and
increased.

7.  Given the failure of the current system of
importation and quarantine of rice germplasm to allow
rapid and orderly dissemination and usage of exotic rice
germplasm for U.S. breeding programs, additional
funding should be sought to research and implement a
more workable but safe system. While existing federal
quarantine procedures are effective and warranted, the
United States needs to fund enough personnel and



facilities to make them practical — a situation that does
not currently exist.

8. Molecular characterization of virulent blast isolates
IE1k in commercial fields and on the weakly virulent
bacterial strains, originally reported as XOO in Texas
and Louisiana, should be conducted to characterize and
identify them.

9. Additional disease research should be conducted on
hybrid rice, niche varieties, and organic systems to
provide workable management recommendations for
current and future producers.

10. Cooperative research on the interaction of disease
with water stress (limited irrigation water), salt, and
other environmental stress should be encouraged as
these problems increase in certain areas.

Insects and Other Animal Pests

We have attempted to point out research areas that are
concerned with immediate and long-term problems. No
attempts have been made to place recommendations in
order of importance.

Investigations should include the use of biological
agents, cultural practices, resistant varieties, and other
methods that might be integrated with chemical control
to provide the most effective economical and safe way
to manage insect and related pests attacking rice.

The major insect pests that damage the seed or rice
plants between planting and harvesting are the rice
water weevil, Lissorhoptrus oryzophilus Kuschel; rice
stink bug, Oebalus pugnax (Fabricius); grape colaspis,
Colaspis brunnea (Fabricius); stem borers, Diatraea
saccharalis (Fabricius), FEoreuma loftini (Dyar), and
Chilo plejadellus Zincken; rice leaf miner, Hydrellia
griseola (Fallen); South American rice miner, Hydrellia
wirthi Korytkowski; armyworm, Pseudaletia unipuncta
(Haworth); fall armyworm, Spodoptera frugiperda (JE
Smith); chinch bug, Blissus leucopterus leucopterus
(Say); various species of leaf- and plant hoppers;
numerous grasshopper species (Locustidae and
Tettigoniidae); midge larvae (Chironomidae); greenbug,
Schizaphis graminum (Rondani); bird cherry-oat aphid,
Rhopalosiphum padi (Linnaeus.); rice root aphid,
Rhopalosiphum  rufiabdominalis ~ Sasaki;  western
yellowstriped armyworm, Spodoptera praefica (Grote);
yellow sugarcane aphid, Sipha flava (Forbes); and an
exotic stink bug, Oebalus ypsilongriseus (DeGeer),
found in Florida. Pests other than insects can damage
rice directly or indirectly.  Triops longicaudatus
(LeConte), the tadpole shrimp, causes seedling drift by
dislodging loosely rooted seedlings while feeding on
the leaves and roots. Crayfish, Procambarus clarkii
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(Girard), damage irrigation systems by burrowing and
also reduce stand establishment by feeding on
germinating seeds and small seedlings. Birds trample
and feed on seeds and sprouting and ripening rice.
Rodents, through their burrowing activity, damage
levees and directly feed on rice plants.

Specific recommendations include the following:

1. Continue studies on the biology and ecology of rice
insects, especially in relation to the influence of
cropping and management practices such as water
management, fertilization, and varietal changes on rice
pests and their natural enemies.

2. Conduct studies on interactions between insects
and other stresses (both biotic and abiotic) on plant
growth and development.

3. Continue research on chemical control compounds
and determine their a) efficacy, b) effect on nontarget
organisms, c) compatibility with other agricultural
chemicals, d) relationship between dosages and
mortality, and e) proper timing, application, and
formulation.

4. Monitor the potential of pests to become resistant
to chemicals used in pest control programs.

5. Determine the role of natural enemies and
pathogens, individually and collectively, in reducing
rice pest populations.

6. Continue interdisciplinary cooperation with rice
breeders and plant pathologists to evaluate and identify
rice lines for resistance to insects and/or disease
problems.

7. Encourage and assist in the development of
genetically engineered rice plants for pest control.

8. Determine economic levels and improve and
standardize methods of sampling for possible use in
systems-approach, pest management programs.

9. Monitor rice for possible introduction of exotic
pests.

10. Identify and assess bird and rodent damage and
develop management programs that are cost effective
and environmentally safe.



PROCESSING, STORAGE, AND QUALITY

O. SANFORD, Chair; Z. PAN, Chair-Elect (2008); J.
KENDALL, C. GRIMM, F. SHIH, M. FITZERALD, T.
SIEBENMORGEN, R. BAUTISTA, D.
HIMMELSBACH, and C. EARP, Participants.

Our group is concerned with the processing, storage,
and quality of rice. We believe research is needed in the
following areas:

Website: Varietal Database

Breeding stations in the mid-south and gulf coast (CA
has already completed this effort) would post data for
released varieties, including parentage, amylose
content, milling yield, grain weight, alkali number,
sensory, and functional data, etc.

Rice Harvesting, Drying, Storage, and Handling
Correlate environmental factors (temperature, humidity)
at harvest to physical, chemical, and functional
properties of the rice kernel.

Develop new and/or improved rice drying, storage, and
handling systems to impart desirable functional
properties, improve efficiency, and reduce energy use.

Incorporate economic factors into post-harvest models
and guidelines for harvesting, drying, and storage
recommendations.

Develop sensors to rapidly and objectively monitor rice
properties.

Evaluate alternatives to chemical fumigants for grain
and facility treatment.

Develop biological and other non-chemical pest-control
measures using parasites, predators, and
microorganisms.

Milling Characteristics

Determine the physicochemical properties of rice
varieties and milling conditions that contribute to
optimizing milling performance based on degree of
milling.

Determine the nature of defective or fissured grains that
survive processing and their effect on the end use
processing.

Develop sensors to rapidly determine and objectively
predict milling quality (constrained by degree of
milling) for U.S. and international varieties.
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Incorporate laboratory research into industry practice.
Validate methods and identify performance levels.

Processing, Quality, and Cooking Characteristics
Develop instrumental methods for screening lots and
evaluations of perspective new varieties for processing
quality.

Study the correlations of ‘functional amylose’ to
processing and cooking properties.

Determine basic relationship between composition,
molecular structure, physical state, and end-use
performance (flavor, texture, processing properties,
storage stability, etc.).

Determine impact of genetic, environmental, and
processing factors on sensory properties, functionality,
kernel size and property uniformity, and storage
stability.

Improve inspection methods for measuring chemical
constituents and quality factors.

Develop identity preservation and detection techniques
for genetically modified and transgenic rice.

Utilization of Rice Components

Develop  effective, cost-efficient —methods for
fractionating rice components (e.g., starch, protein, oil,
and fiber).

Identify applications for components in native and
modified forms.

Study the genetic mechanisms controlling amounts and
compositions of components which might have
significant economical and nutritional value (e.g., oil,
brain, phytochemicals etc).

Characterize bioactive components in varieties in
regards to physicochemical and functional properties.
Measure the amount of these bioactive components in
various varieties.

Develop non-food uses for rice, rice hulls and ash,
straw, bran and protein.

Nutrition and Food Safety

Promote the health benefits of rice and develop rice
products and constituents that promote human and
animal health.

Evaluate the bioavailability of rice components,
specifically nutraceuticals, and investigate the levels
required to generate responses in humans and animals.



Investigate the effects of processing, and storage
conditions on microbial loads in rice for improved food
safety.

RICE CULTURE

L. TARPLEY, Chair; R. PLANT, Chair-Elect (2008);
P. BOLLICH, J. BOND, N. BUEHRING, 1.
BUSHONG, R. DeLONG, B. GOLDEN, D. HAGLER,
J. HILL, D. JONES, R. LOEPPERT, R. NORMAN, M.
REITER, J. ROSS, B. SCHMID, N. SLATON, D.
STEPHENSON, T. WALKER, C.0. WILSON,
Participants.

The panel on rice culture reaffirms the value of the
meeting in (1) reviewing the research already
completed, (2) facilitating the exchange of information,
(3) developing cooperative research on problems of
mutual interest, and (4) in directing the attention of
proper authorities to further work that should be
undertaken. Under various research categories
represented by this panel, the following continuing
research needs are specified:

Cultural Practices
Evaluate rotation systems that involve rice.

Determine the effects of water management,
fertilization, and water-use efficiency on grain yield and
quality.

Identify factors that cause poor stand establishment and
develop practices that will ameliorate these conditions.

Develop conservation tillage practices for efficient
production of rice under water-seeded and dry-seeded
systems, including “stale” seedbed management.

Expand research on crop residue management,
including soil incorporation, collection, and economic
uses.

Study management systems that enhance ratoon
production.

Evaluate aquaculture rotation systems that involve rice,
such as, but not limited to, crawfish/rice rotations.

Explore crop establishment, including planting methods
and geometry, plant density, seeding date, and other
factors necessary to characterize BMPs for various
cultivars of interest.

Evaluate the use of harvest aid chemicals in rice
production.
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Develop cultural practices to minimize potential
detrimental environmental impacts on rice quality.

Fertilizers and Soils

Develop a greater understanding of the chemical,
physical, and physicochemical changes that occur in
flooded soils and their influence on the growth of rice,
nutrient transformations, and continued productivity of
the soil.

Study nutrient transformations, biological nitrogen
fixation, and fertilizer management systems in wetland
soils, especially as related to soil pH.

Develop soil and plant analysis techniques for
evaluation of the nutrient supply capacity of soils and
the nutritional status of rice to enhance the formulation
of fertilizer reccommendations.

Cooperate with plant breeders, physiologists, and soil

researchers to develop techniques for efficient
utilization of nutrients.
In cooperation with other disciplines, study the

interactions among cultivars, soil fertility, diseases,
weeds, insects, climate, and water management.

Develop integrated systems to more efficiently utilize
fertilizer while reducing pesticide use.

Gain a better understanding of silica deficient soils,
silica sources, and their effect on rice yield.

Determine the potential use of non-traditional fertilizer
sources and additives in rice production.

Physiology

Determine the effects of varying climatic environments
on growth, development, and yield of both main and
ratoon crops of rice.

Determine the physiological factors related to grain
yield and quality and plant growth and development of
the main and ratoon crops of rice.

Determine the physiological processes, including root
functions, involved in nutrient uptake and utilization in
an anoxic environment.

Water

Accurately determine the complete water balance on
rice as a function of soil textural groups, regions, time
within the irrigation season, rice growth stage, and
meteorological parameters.



Determine the impact of sub-optimal water availability
at various physiological stages on dry matter
accumulation, maturation, grain yield, and grain
quality.

Determine optimum water management guidelines for
flush-flood, pin-point flood, continuous-flood, and
alternative irrigation.

Evaluate the effect of water conservation practices such
as underground pipe and/or flexible polyethylene pipe,
land forming, multiple inlets, reduced levee intervals,
and lateral maintenance on water use.

Continue to evaluate water quality in terms of salinity
and alkalinity and its effect on rice productivity.

Evaluate water use as related to water loss and
evapotranspiration.

Environmental Quality

Determine the effect of various management systems on
changes in the quality of water used in rice production.
Monitoring should include all water quality parameters
such as nutrient inputs, suspended and/or dissolved
solids, organic matter, etc.

Determine the fate of agricultural inputs in the soil,
water, and plant continuum as related to varying rice
cropping systems. This information should be applied
to minimize losses from the field and reduce any
attendant environmental degradation associated with
such losses and in the development of Nutrient
Management Plans.

Assess the relationship between greenhouse gasses,
global climatic change, and rice production and
evaluate the magnitude of potential environmental
effects of gaseous losses from rice fields.

Assess the relationships of global climactic change and
rice production.

Engineering Systems
Study energy inputs in rice production and harvesting.

Expand investigations to improve equipment for proper
and efficacious applications of seed and fertilizers.

Analyze and improve harvesting practices to assure
maximum recovery of top quality grain through
timeliness of harvest and harvester adjustments by
cultivar and climatic zone.
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Determine ways to use the Global Positioning System
and Geographic Information System to aid rice research
and reduce rice production cost.

Rice System Modeling
Encourage development of rice models and expert
systems that enhance our knowledge of rice

development, aid in diagnosing problem situations, and
provide decision support for growers.

Determine the effects of cultural and chemical practices
used in rice-based cropping systems on species
demography and dynamics.

RICE WEED CONTROL AND
GROWTH REGULATION

JM. CHANDLER, Chair; A.J. FISCHER, Chair-Elect
(2008); N. FALKENBERG, W.D. NANSON, S.
WILLINGHAM, K. SMITH, N. BURGOS, V.
SHIRVAIN, B. WILLIAMS, A. KENDIG, R.
TALBERT, D. GEALY, H. BLACK, L. SCHMIDT,
and L. ESTORNINOS JR., Participants.

The overall objective of the Rice Weed Control and
Growth Regulation Panel’s recommendations is to
develop integrated nonchemical and chemical methods
with basic biological processes to improve weed control
and growth regulation in rice. The categories listed
below are separated for the purpose of describing the
research areas more specifically.

Chemical Weed Control

Evaluate weed control systems for prevention and
management of herbicide-resistant weeds.

Mechanisms of resistance.

Evaluate new chemicals for the control of weeds in rice.

Facilitate label clearance and continued registration for
rice herbicides.

Evaluate varietal tolerance to herbicides in cooperation
with plant breeders.

Study new and existing herbicides for their fit in
conservation tillage in rice-based cropping systems.

Cooperate with environmental toxicologists and others
to study the fate of herbicides in the rice environment
and their potential to affect non-target organisms.

Cooperate with agricultural engineers and others to
study improved application systems.



Study basic processes on the effect of herbicides on
growth and physiology of rice and weeds.

Cooperate in the development of herbicide-resistant rice
weed control systems.

Establish rotational methods with new chemistries for
red rice control to prevent possible outcrossing.

Weed Biology and Ecology

Determine and verify competitive indices for rice weeds
to predict yield and quality losses and cost/benefit ratios
for weed control practices. Verify yield and quality
loss models.

Intensify studies on weed biology and physiology, gene
flow, molecular biology, and population genetics.

Survey rice-producing areas to estimate weed
infestations and losses due to weeds.

Determine the effects of cultural and chemical practices
used in rice-based cropping systems on species
demography and dynamics.

Non-Chemical Weed Control

Evaluate the influence of cultural practices, including
crop-density, fertility and irrigation management, tillage
practices, and others on weed control and production
efficiency.

Evaluate the influence of cultural practices on red rice
control.

Study methods for the biological control of important
rice weeds.

Evaluate rice cultivars for weed suppressive traits.

Growth Regulation

Evaluate the use of growth regulators for areas such as
yield enhancement, shortening plant height, increasing
seedling vigor, and red rice seedhead suppression in
rice.

Study basic biological and physiological processes
regulated by applied chemicals.

Facilitate label clearance for growth regulators.

Cooperate with environmental toxicologists and others
to study the fate of growth regulators in the rice
environment and their potential to affect non-target
organisms.
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Abstracts of Symposium Presentations:
Opportunities and Risks Associated with Transgenic Crops
Moderator: A. McClung

Genetic Engineering and Traditional Breeding- What is the Difference?
Ronald, P.

Controversy continues to swirl around genetic engineering. To evaluate the potential risks and benefits, it is essential
to fully understand the science behind the GE process, a modern form of genetic modification that is, in some
important respects, distinctly different from traditional breeding. Can we use this new genetic information to
improve sustainable agricultural farming practices? Are there necessary conflicts between modern genetic research
and traditional farming? If so, how can we address these problems? I propose a set of criteria based on sustainable
agricultural practices that can be used to evaluate food choices and help move the debate on genetic engineering
forward. I suggest that varieties and/or farming practices should seek to:

Provide safe and nutritious food;

Reduce negative environmental inputs (e.g. pesticides);
Provide healthful conditions for farm workers;

Be profitable for farmers;

Foster ecological farming practices;

Benefit the local community; and

Improve the lives of the poor and malnourished

I hope that such a framework will help farmers and consumers evaluate the ethical and safety issues that inevitably
accompany new scientific breakthroughs such as genetic engineering.
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Golden Rice: Developments in Its Biotechnology, Safety, and Nutritional Evaluation
Grusak, M.A., Tang, G., and Russell, R.M.

Golden Rice is a transgenic product that was developed to enable the synthesis of beta-carotene in rice grains. Beta-
carotene is a yellow-orange carotenoid that can serve as a precursor for vitamin A. Vitamin A deficiency (VAD) is
a significant nutritional concern, especially in developing countries where rice is eaten as a staple food crop. Recent
estimates indicate that over 250 million people are suffering from VAD. The main cause of VAD is inadequate
dietary intake of vitamin A (animal products) or pro-vitamin A carotenoids (plant sources). Low income families
throughout the developing world consume limited amounts of animal foods and infrequent amounts of colored fruits
and vegetables. For those areas of the world where rice is a staple caloric food source, it was hoped that Golden
Rice technology could increase the dietary supply of carotenoids, and diminish the incidence of VAD.

The original proof-of-concept version of Golden Rice succeeded in the synthesis and accumulation of beta-carotene
and other carotenoids in the endosperm, with total carotenoids reaching 1.6 ug/g DW. More recently, scientists at
Syngenta developed a new transgene construct in which a maize gene for phytoene synthase replaced the original
daffodil gene. This new product, now known as Golden Rice 2, has resulted in grain carotenoid concentrations as
high as 37 ug/g DW, with beta-carotene representing as much as 84% of the total carotenoids. At these levels, it is
estimated that 50% of a 1- to 3-year-old child’s RDA for vitamin A (300 ug) could be met with 72 grams of dry rice
(a child’s typical portion is 60 grams of rice, and this amount is usually eaten more than once a day). This estimate
assumes a 12:1 factor for the conversion of beta-carotene to vitamin A.

Although Golden Rice technology works, there are still other issues that need to be addressed. What is the safety of
the transgenic product as a human food source? What is the nutritional value of beta-carotene when delivered in a
rice endosperm food matrix? And, what means are available to transfer this technology to elite cultivars throughout
the world? A number of approaches have been used to assess any adverse impacts of transgenic products, including
animal-based allergenicity studies, in silico analyses of the allergenicity of predicted peptide fragments from the
expressed proteins, safety evaluation of marker genes, and an evaluation of the risk of toxic intake of the synthesized
product. In this presentation, we will discuss how these approaches have been used in the case of Golden Rice.

An evaluation of the nutritional value of Golden Rice is currently under investigation using stable isotope
technologies. Beta-carotene is a long-chain hydrocarbon that can be readily labeled with deuterium, a non-
radioactive, stable isotope of hydrogen. We are growing Golden Rice in hydroponic media that contains heavy
water (deuterium oxide) and have successfully labeled beta-carotene in the grains for use in clinical feeding trials in
China. We will provide an overview of these studies, including how they will be conducted and the type of
information we hope to gain. We also will discuss the requirements that must be met (e.g., Internal Review Board
approval) to establish and ensure safety and informed consent for this type of clinical trial.

Finally, there are several efforts underway to move Golden Rice technology into diverse rice lines throughout the
world. The Golden Rice Humanitarian Board (www.goldenrice.org) has primary oversight for this undertaking,
through the collaboration of national and international breeding programs and breeding centers and various
international research projects. We will provide an overview of the current activities in this area and the types of
approaches being used to move nutritionally enhanced rice into the consumer arena.
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Regulatory Oversight of Transgenes in Crop Plants — the United States and Abroad
Mitten, D.H. and Scott, A.

The regulatory oversight of agricultural biotechnology is well established in many nations. As early adopters of the
technology, the United States, Canada, and Argentina have supported commercial development with coordinated
frameworks based upon existing legislation for food, feed, and environmental safety. In nations where new
legislation is enacted, the progress for commercial application has been slower. New legislation has been drafted to
recognize issues raised by public acceptance discussions (e.g. EU and Brazil) or to conform to the Cartagena
BioSafety Protocol — Convention of Biological Diversity (BSP) (e.g. Japan, Korea, and Mexico), even when
previous legislation was in place. An example is Japan, engaged in the re-registration of products previously
approved. In addition, there are some ratifying nations that do not have a regulatory process in place, have yet made
provision for the BSP, and are faced with existing trade patterns that may not be in compliance with the BSP. The
landscape of regulation is diverse and complex. There are national, regional, and international laws and treaties that
must be considered in the development of regulatory oversight frameworks.

To provide a context for the regulations in place today, a review of the ISAAA reports on adoption of agricultural
biotechnology is offered. In 1996, the first products of ag biotechnology were being grown by farmers in Canada
and the United States. By 1999, the global production of biotech crops was 40 million hectares, and a growing gap
between the number of products approved for commercial use in North America and Europe was creating strain on
trade between these regions. As the EU implemented its new regulations in Spring 2004, worldwide production of
biotech agricultural crops reached 80 million hectares.

In a broad sense, there are two schools of thought for the oversight of transgenes in crop plants. The U.S.-style is
based upon the premise that any oversight required to ensure the environmental and safety assessment on the new
biotech crop can be conducted under the existing laws and using the existing risk evaluation criteria, and then it can
be determined if the biotech crop presents any additional concerns as compared with its non-biotech counterpart.
The more cautious EU-style takes into account the possibility that “unknown and unanticipated” risks may not be
identified by the risk assessment, and thus, post-market monitoring and consumer-based product labeling are
necessary to protect the public interest. Post-market monitoring and product labeling may be required in the United
States when the risk assessment warrants. The development of the two schools of regulatory oversight are said to be
influenced by the confidence the public has in their respective governmental agencies. The resulting escalating
requirements for generating the safety data package and the post-market responsibilities have driven the price for a
product registration in the EU to be more than 10 million dollars, a prohibitive cost for products benefiting smaller
markets.

For the industrial nations, agricultural biotechnology for commodity crops has provided productivity enhancements.
Insect-resistant and herbicide-tolerant soybean, canola, cotton, and corn have been registered and are widely grown.
The slower introduction of biotechnology into other crops, like wheat and rice, has been influenced by market
(domestic and export) and trade considerations. However, for nations with developing economies, the products of
agricultural biotechnology are becoming increasingly viewed as contributing to the goal for a secure food supply
through increased domestic production. In these nations, the food and feed derived from ag biotech crops is
supported by the governments and accepted by the consumers. As an example, Bt rice is being developed by a
number of public institutions. The nation of Iran reports commercial scale planting of Bt rice in 2005 following
government review and approval. Commercial approvals for China’s first biotech rice are anticipated in 2006 and
include transgenes for Xa21 and Bt. It is anticipated that biotech rice will be approved in the Philippines within two
years of a successful commercial launch in China.

The advancement of biotech rice in Asia demonstrates that when domestic supply and food security are important,
registrations for domestic use are being accomplished and new products are being locally grown. Many of these
products developed by national research programs are not intended for export to nations with more demanding
registration requirements. What will happen when these products do not stay at home? We leave this topic for the
next decade.
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Decommodified Crops: The Case of GM Traits in Emerging Markets
Gardner, J.C.

Among the many outcomes of the industrial era of the 19™ and 20" centuries, one of the most profound was the
commodification of agricultural goods. No longer a local good, the advent of generic, largely unprocessed,
agricultural goods, such as with corn, wheat, milk, as well as meat products, created a currency for financial markets
that could be traded through time and space. Trade, regulatory, and economic policy have been built around the
concepts inherent in agricultural goods that meet the uniform and consistent standards of the commodity.

Among the many 21* century challenges in agricultural and food systems, one of the more pervasive is the ability to
cope with the decommodification of agricultural goods. The most notable criteria suggested to differentiate
agricultural goods include geography (through country of origin labeling), production methods (such as the USDA’s
certified organic program), and genetics (such as certified Angus beef). An emerging criteria for differentiating
crops has been the presence of a transgene, rendering the resulting commodity crop distinguished from the
traditional as being genetically modified (GM) or identified as a genetically-modified organism (GMO).

Soybeans, corn, and cotton were among the first commodity crops differentiated by the presence of a transgene,
nearly all inserted to render the host plant some advantage over production pests which added value for the crop
producer. GM soybean and corn have been discriminated in some international trade situations, usually discounted
or not allowed as compared with the synonymous non-GM commodity. Rice is among the first crops with the
potential to distinguish GM versions with traits targeting added value for the consumer. Enhanced vitamin content
and plant-made pharmaceuticals are but two of the market-ready types of rice developed to date.

History clearly indicates that the burden of successful decommodification rests with the innovator and has followed
a consistent pattern. First, a system of identity preservation must be developed. The USDA has required the
segregation of one crop type from another at every stage from production and processing to distribution. They have
required a certification process performed through audits and site visits which provide independent third-party
verification of the segregation. Second, a regulatory framework must be established to verify and allow claims (if
any) of the decommodified crop’s benefit. Lastly, based on the balance of costs/benefits, trade and economic
policies are established that are ultimately driven by consumer demand.

Given the new classes of rice targeted at consumer benefits, coupled with the worldwide production and
consumption patterns, it appears the decommodification of rice is attracting an unprecedented amount of public
attention. Political intervention is certain; both in the regulatory framework and cost/benefit analyses as GM rice is
introduced in Asia and the United States. Each case will be unique, but all will be instructive as we continue the
future challenge of decommodifying agricultural crops for the benefit of both producers and consumers.
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Abstracts of Presentation of the General Session
Moderator: D. Groth

Renewable Fuels: New Policies, New Opportunities, and Economic Realities for Rice
Outlaw, J.

The Energy Policy Act of 2005, signed into law by President Bush on August 8, provides substantial incentives for
the development and use of renewable fuels. There will be opportunities for agricultural producers to get involved
in energy production by growing feed stocks, capturing wind and solar energy, and/or utilizing agricultural wastes to
generate electricity. While there is a general sense of excitement regarding renewable fuels, a closer look at the
economics for rice producers indicates the need for improved technology.

Water Issues in U.S. Rice Production
Evett, S.

In the United States, rice is produced in eastern Arkansas, California, northeast and southern Louisiana, the upper
Gulf Coast of Texas, the Delta area of Mississippi, the Boot Heel of Missouri, and southern Florida. Rice grown in
the United States is almost entirely paddy rice, which consumes from 1 to 4 acre-feet of water, depending on
location. Water resources used for rice vary widely among the states. Water for rice production in Arkansas (49% of
U.S. production) is largely from wells penetrating the Alluvial aquifer; while that in California (22% of U.S.
production) is mostly surface water from snow melt. Over the years, rice production has become increasingly water
efficient with production now ranging from 2000 to 6000 pounds per acre-foot of water. Increasing competition for
water resources with other users, declining water resources in many states, and environmental issues are forces for
change in rice farming in all parts of the United States.

What Does the Rice Genome Sequence Mean for Rice Improvement?
McCouch, S.R.

The availability of rice genome sequence creates many new challenges for the rice breeding and genetics
community. It brings new people into the field of rice research, it allows new questions about basic biology to be
addressed using rice as a model organism, and it paves the way for novel applications in rice improvement. To take
advantage of the possibilities that the sequence represents requires enhanced flexibility and a desire for engagement
on the part of the entire rice research and production communities. The promise of sequencing the rice genome was
always to generate knowledge that could be translated into improved productivity, into higher quality products using
more economically and environmentally sustainable production systems. Even when all the pieces are in place, it
takes energy, intelligence, and commitment to align and integrate them into a coherent whole, especially one that is
greater than the sum of the parts. The parts themselves are fascinating and worthy of study, and there are those who
will focus an entire career on characterizing and understanding the pieces. There are emerging dictionaries of rice
genes and proteins that tell us what each one does and how it works. Along with the dictionaries are manuals
showing how different genes and proteins interact inside a living system. Learning to use this kind of information to
assemble or re-assemble the parts into new rice varieties or new production systems will capture the imagination of
many, and the ability to integrate and synthesize parts into working “whole” systems with novel features will
catalyze many new enterprises. There will be those who have no interest in rice, but find its sequence intriguing
because it lends insight into the mysteries of evolution or the cryptic syntax of genes. The challenge confronting us
all is to share the knowledge that we derive from the rice genome sequence, to use that knowledge to build better
rice plants and more sustainable production systems, and ultimately to improve the lives of people with whom we
interact.
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Abstracts of Papers on Breeding and Genetics
Panel Chair: S.R.M. Pinson

Medium-Grain Breeding in Louisiana
Blanche, S.B., Linscombe, S.D., and Sha, X.

Rice is an important plant commodity in Louisiana, behind only forestry and sugarcane, with a total value of
$323,988,839. In 2004, approximately 1496 Louisiana growers farmed rice on 215,845 ha producing a total yield of
141,603 mt. Historically, three grain types of rice (long, medium, and short) have been grown in the U.S. with the
majority of acreage being planted with long- and medium-grain cultivars. Since 1959, U.S. medium-grain rice
acreage has been between 21 and 50% of the total rice acreage and averaged 26% from 1995 to 2004. In the years
1991 to 2003, U.S. medium-grain production varied from a high of 556,136 mt in 1991 to a low of 19,272 mt in
2001.

Between 1990 and 2003, the average yield of medium-grain rice in Louisiana has increased from 5322 to 6475 kg/ha
and the average medium-grain yield for the United States (excluding California) during the same time period has
increased from 5557 to 7052 kg/ha. Although the advancement of rice production technology played an important
role in these yield increases, the majority can be attributed to the new varieties developed by the LSU Agricultural
Center at the Rice Research Station.

Rice growers in Louisiana and other southern states face many challenges, such as high input costs, variable pest
pressure, conservation issues, and tight regulation of pesticide use. Advances in yield potential and host-plant
disease resistance, made possible by a dedicated focus on improved medium-grain varieties, can offset some of these
challenges and allow growers to increase profits, reduce production costs, and meet conservation goals.

Blast (caused by Pyricularia grisea Sacc.), bacterial panicle blight (caused by Burkholderia glumae), and sheath
blight (caused by Rhizoctonia solani Kithn) are major diseases that pose a constant threat to rice production in
Louisiana. Since climactic conditions in southwest Louisiana are favorable for the development of these diseases,
improved resistance to blast, sheath blight, and bacterial panicle blight has been, and will continue to be, a major
goal of the breeding program. Marker-assisted selection and anther culture are used to accelerate the identification
of improved medium-grain cultivars with blast resistance.

Conventional breeding techniques using the pedigree selection method are used to accomplish the program
objectives. About 70 crosses (single crosses, backcrosses, and three-way crosses) are made each year at the Rice
Research Station to combine desired characteristics to meet the objectives of the breeding program. Approximately
10,000 progeny rows are maintained yearly for medium-grain variety development, and segregating generations are
advanced at the Rice Research Station and at the winter nursery facilities at Lajas, Puerto Rico. Yield potential and
grain quality are always the most important traits followed by short stature, lodging resistance, disease (blast, sheath
blight, and bacterial panicle blight) resistance, earliness, seedling vigor, ratoon yield, and many others.

Lines advanced to the early yield trials are evaluated by Dr. Don Groth and the Rice Pathology Project for reactions
to major rice pathogens under artificial inoculation conditions. Promising lines from the preliminary yield test are
advanced to the Uniform Regional Nursery (URN) and/or Commercial Advanced (CA) test. The CA test is carried
out at the Rice Research Station at Crowley and at seven other locations across the diverse Louisiana rice growing
environment. Performance in the CA and URN is studied as a measure of adaptation and stability. Promising
advanced lines are evaluated for susceptibility to the physiological disorder straight head (conducted by Dr. Jason
Bond and the Rice Agronomy Project) and resistance to sheath blight, leaf and neck blast, and bacterial panicle
blight (conducted by the Rice Pathology Project and the Plant Pathology and Crop Physiology Department, Dr. M.C.
Rush). Lines having release potential are evaluated for nitrogen fertilizer requirements (conducted by the Rice
Agronomy Project). Production and maintenance of breeder and foundation seeds is handled by Larry White and
the Foundation Seed Program at the Rice Research Station.
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The Indica Revolution. I. Improving Tropical Germplasm for the United States
Rutger, J.N., Bryant, R.J., Lee, F.N., Bernhardt, J.L., Gibbons, J.W., and Yan, W.

The indica revolution in the United States began in the late 1960s with the introgression of the semidwarf gene from
IR8 into California japonicas, through crossing and repeated backcrossing to the California parents, resulting in the
release of M9 in 1978. Similarly PI 331581, which was Bluebelle*6/TN1, introduced from IRRI in 1968, was a
donor for still more crossing to southern U.S. germplasm which led to Bellemont and Lemont in 1983 and 1985,
respectively. A blip along the way was the release in 1979 of the first indica cultivar in the United States, LA 110
from the cross TN1/H4 in Louisiana. At the time of its release, LA 110 was dubbed an “industrial” rice as its grain
quality did not meet U.S. standards, and it soon disappeared from production. An indica cultivar which has
persisted, and indeed is the only true indica cultivar in the U.S. today, is Jasmine 85, an aromatic selection from
IRRI that was released in Texas in 1998.

Exciting yield increases of indicas over tropical japonicas began to be observed in the late 1980s and 1990s. For
example, in Arkansas, three indica cultivars yielded 23% more, in 11 days less, than three leading tropical japonica
cultivars. However, the grain quality of the indica cultivars was not suitable for U.S. markets. Thus, the stage was
set for an indica base-broadening approach, using Zhe 733 from China as a source of early maturity, and six late
maturing IRRI germplasm lines as sources of grain quality similar to U.S. long grains. From this effort, nine
improved indica germplasms, indica-1 to indica-9, possessing intermediate amylose levels and maturity similar to
U.S. cultivars, were released in 2005. Although comparable in maturity, grain dimensions, and amylose content,
these first nine lines had weaker straw and lower milling yields than desired. The next step was to induce early
flowering mutants in the IRRI lines. Four early flowering germplasms, indica-10 to indica-13, resulted. These
mutant germplasms were 15 to 29 days earlier than the parents, about a week later than local long grains, had
intermediate amylose as did their parents, and had competitive milling yields. Another indica, the highly blast-
resistant but late maturing indica cultivar Oryzica llanos cinco (OL 5) from Colombia, was mutagenized to select for
early flowering. Selection was highly successful, resulting in 21 mutants that ranged from 12 to 33 days earlier than
the OL 5 parent. The mutants retained the resistance of the OL 5 parent to six blast races. The 21 mutants have
been narrowed down to three lines, indica-14 to indica-16, that have high milling yield and grain yield similar to
local cultivars. Appropriate intercrosses between the IRRI and OL 5 mutants have been made in order to recombine
the desired features of each, thereby setting the stage for further adaptation of tropical indica germplasm to U.S.
environments.

The Indica Revolution. II. Improving Chinese Germplasm for the United States
Yan, W., Bryant, R.J., Gibbons, J.W., Lee, F.N., Bernhardt, J.L., and Rutger, J.N.

In the USDA rice collection, 85% of the Chinese accessions were introduced before 1977 when yield in China was
3.64 t/ha. Rice yield in China is almost double nowadays (6.27 t/ha in 2002). Hence, it is desirable to update
Chinese germplasm in our collection and introduce advanced rice cultivars from China. Over 200 Chinese lines,
mostly indicas, were introduced in 1996 in exchange for 50 U.S. cultivars. Indica lines GP-2, 4594, R 312, 4597,
4612, Taizhongxian 255, 4641, and Shufeng 121 were observed to have yield advantages from 20 to 40% over U.S.
cultivars in 2000. However, they were either too high or too low in amylose content for the grain types, and most of
them were tall and lodging susceptible.

Line 4484, which had 20% amylose similar to U.S. long grains and yielded 16% more than U.S. long grains, was
entered into the Uniform Rice Nursery (URN) in 2002. This line yielded the same as Francis in both 2002 and 2003,
and 16% more than Francis in the 2004 URN. For example, it had a total grain yield (main + ratoon) of 12,500
kg/ha and ranked second after hybrid XL 8 in the 2004 Louisiana URN. Line 4484 was 112 cm tall and lodged 34
and 52%, respectively, in 2002 and 2003, which explained lower yields in those years of URN. This line had head
rice yield similar to Francis but with Toro-type cooking quality of 18% amylose.

In 2004, entry 4484-1693, selected from the M4 generation of 4484 seed irradiated at 300 Gy, was 10 cm shorter in

height and 4% higher in amylose than the parent 4484. This change decreased lodging risk and made it a typical
long grain in cooking quality while its yield potential was maintained. Similarly, entry Shufeng 121-1655, selected
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from the M5 generation of Shufeng 121 irradiated at 250 Gy, had an increase of amylose and a decrease of plant
height as compared with its parent. Molecular marker analysis revealed heterozygous alleles associated with
amylose content in parent line 4484. A study is being conducted to clarify whether the amylose change was due to
heterozygosity or mutation.

These Chinese indicas including their selections had broad spectrum disease resistance. For example, both 4484-
1693 and Shufeng 121-1655 were uniformly rated O for all blast races, including IB-33, IE-1K and BC3-1, the new
races to which most cultivars having the Pi-fa resistance gene are susceptible. None of the known genes for
resistance to blast, i.e., Pi-fa, Pi-b, Pi-k and Pi-z, were found in molecular marker analysis for five plants of 4484-
1693 and three plants of Shufeng 121-1655. These results indicated a new source(s) of resistance, and the novel
gene(s) will add genetic diversity for resistance and make the resistance more durable. In addition, parent line 4484
was rated 3 for sheath blight, 0 for narrow brown leaf spot, 4 for brown spot, 0 for leaf smut, and 2 for panicle blight
in URN tests.

New sources of disease resistance are extremely rare. Most prospecting for new genes is done on wild Oryza
relatives or very poorly adapted accessions of germplasm, which often are less desirable in yield, milling and
general fitness. Poorly adapted cultivars are very difficult to use in breeding. However, line 4484-1693 and
Shufeng 121-1655 are high quality cultivars possessing not only novel blast resistance, but high yield and acceptable
milling and cooking traits as well. Therefore, they can be rapidly introgressed into breeding programs to provide
needed resistance, while enhancing agronomic traits.

Utilization of Wild Rice Species at CIAT to Broaden the Genetic Base of Cultivated Rice in Latin America
Martinez, C.P., Borrero, J., Carabali, S.J., Sanabria, Y., Delgado, D., Correa, F., Lorieux, M., and Tohme, J.

Wild species are valued as a unique source of genetic variation; however, they have rarely being used for the genetic
improvement of quantitative traits. Since 1994, the CIAT Rice Project in close partnership with CIAT
Biotechnology Unit has been characterizing and utilizing wild rice species to broaden the genetic base of cultivated
rice in Latin America. The strategies in place make use of molecular maps in combination with backcrossing to elite
breeding lines or commercial varieties to develop populations that are used to identify and transfer QTLs associated
with traits of agronomic importance to cultivated rice. Recent progress in this area will be reviewed and presented
in this paper.

Data that will be presented suggest that several traits of agronomic importance, including yield and yield
components and tolerance to biotic and abiotic stresses, have been transferred from O. rufipogon (IRGC105491), O.
glaberrima (IRGC103544), and O. barthii (IRGC104119) to improved cultivars. Breeding implications will be
discussed.

On the other hand, samples of wild rice populations collected in two sites in Colombia were classified as O. latifolia,
a tetraploid species carrying the CCDD genome. Preliminary evaluations suggest that these accessions carry
resistance to all rice blast lineages found in our “hot spot” Santa Rosa, as well as resistance to rice hoja blanca virus
and Tagosodes orysicola.
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Status of Development of Lowland NERICA Rice in West Africa

Si¢, M., Séré, Y., Sanyang, S., Narteh, L., Dogbe, A., Coulibaly, M.M., Sido, A.,
Cissé, F., Drammeh, B., and Futakuchi, K.

In Africa, there are two major cultivated rice species Oryza sativa L. and O. glaberrima Steud. Oryza sativa L.
originated from Asian and introduced into Africa by the Portuguese around 1500 A.D. It has high yield potential but
is susceptible to the stresses of African ecologies. O. sativa is divided into two groups Indica and Japonica. O.
glaberrima Steud. is an African indigenous species that originated in the central Niger delta and spread towards
Gambia, Casamance, and the Sokoto basin. It has been cultivated for 3500 years and is adapted to African
environments but prone to lodging and grain shattering. It possesses good genetic qualities and is resistant to major
rice diseases. In Burkina Faso, there are three major types of rice ecology systems with irrigated rice accounting for
70% of the acreage but only 48% of the production. In efforts to expand the biodiversity of our rice, we undertook
interspecific hybridization between the African traditional rice, O. glaberrima, and the Asian rice, O. sativa, with
the support of the West Africa Rice Development Association (WARDA). After the success of the upland
interspecific varieties, WARDA initiated other O. glaberrima X O. sativa crossings directed toward developing
lowland cultivars. The objective was to combine the characteristics of O. sativa associated with high yield potential
with the O. glaberrima resistance to the major constraints in the sub-region. After the screening and the evaluation
of the first progenies, the selected material was sent to three countries, Burkina Faso, Togo, and Mali in order to
continue the selection process. Thus, about 740 interspecific lines were evaluated in these countries. This study
showed the emergence of a new set of interspecific lines adapted to lowlands that the national research programs
will be able to use in various tests for satisfying farmers needs. Four of these new lowland NERICA are already
released in Burkina faso and two in Mali.

Linkage Disequilibrium and Mapping Association of Yield and Disease Traits in Rice
Agrama, H.A., Eizenga, G.C., Yan, W., and Lee, F.N.

Rice (Oryza sativa L.) genetic mapping often involves the development, genotyping, and phenotyping of doubled
haploid, recombinant inbred, or advanced backcross populations derived from a cross between somewhat diverse
parents. This type of mapping population shows extreme disequilibrium between linked loci. Population-based
genetic association studies are another approach available for mapping the relevant genes and identifying the
variants that control economically important traits. The objective of this research was to use blast-resistant rice
accessions to determine the utility of population structure analysis, linkage disequilibrium (LD), and mapping
association of yield and blast [Magnaporthe grisea (T.T. Herbert) Yaegashi & Udagawa] traits in evaluating rice
germplasm.

One hundred twenty simple sequence repeat (SSR) markers located across the 12 rice chromosomes were selected
from the core set of 189 markers for use in this study. Associations between SSR markers and phenotypic traits
were investigated in a collection of 103 rice accessions. Ninety-two of these accessions were introduced from seven
countries, including five regions of China and the remaining 11 were U.S. cultivars. All accessions were evaluated
for the complex traits yield, kernel width, kernel length, kernel length/width ratio, 1000-kernel weight, and blast in
replicated trials. Regression of these traits on individual marker data using TASSEL software disclosed marker-trait
associations.

The SSR markers were highly polymorphic across all germplasm accessions. To infer population structure and
assign ancestries, a mode-based clustering algorithm implemented in the program Structure v2.1 was used.
Population structure analysis identified eight main clusters at K = 7 and these clusters generally corresponded to the
major geographic regions that the accessions originated from, including the U.S. cultivars. The accessions were
classified by UPGMA and algorithm neighbor joining tree based on the genetic similarity matrix. Diversity
clustering of all genotypes generally agreed with the population structure classification. In the structure of several
populations, individuals had partial membership in multiple clusters. These accessions might have a complex
breeding history involving intercrossing and introgression between germplasm groups, overlaid with strong selection
pressure for agronomic and quality characteristics.
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Linkage disequilibrium patterns and distributions are of fundamental importance for genome-wide mapping
associations. Linkage disequilibrium between pairs of SSR loci was estimated using the squared allele-frequency
correlation (r*). Between linked markers, LD decreased in centiMorgans (cM) with decreased distance between loci.
A considerable drop in LD decay values between 15 to 20 ¢cM was observed, suggesting that it should be possible to
achieve resolution down to the 15 cM level. Association between markers and traits was examined using
significance of marker-trait correlations in comparison with associations found in other QTL studies. Many of the
associated markers were located in regions where earlier QTL were found. The decline of LD within relatively short
distances in the genome makes fine mapping yield and blast traits possible.

Population structure and diversity analyses will enhance rice breeding programs by allowing breeders to choose
parents from a wide variety of backgrounds for incorporation into their breeding programs. These results indicate
association mapping approaches in rice are a viable alternative to classical QTL approaches using mapping
populations. The application of association mapping to rice breeding appears to be a promising approach to
overcome the limitations of conventional linkage mapping.

Crude Protein Content and Phenotypic Characteristics of High Protein Lines
Wenefrida, 1., Linscombe, S.D., and Utomo, H.S.

Improved nutritional quality of rice will bring positive implications to the health of a great portion of the world’s
population since rice is a staple food for over three billion people. A total of 612 lines have been recovered from in
vitro screening and other methods aimed to improve protein or lysine content in rice. These high protein entries
were planted in replicated plots at the Rice Research Station’s South Farm near Crowley, LA, in the summer of
2005. The seeding rate of approximately 50 seeds per 6-foot (1.8 m) row was applied. Plants were grown under
standard cultural practices with a recommended rate of nitrogen fertilization. The objectives of this study were to
determine total protein content and evaluate their phenotypic performance under field conditions.

Total crude protein content was determined using Bradford’s method. Currently, 163 entries have been analyzed for
their total crude protein content. They included 30 entries derived from Francis, 45 from Wells, 23 from Cypress,
20 from Cocodrie, 10 from the indica IR64, and 35 from the japonica Nipponbare. Out of 163 lines, 129 lines
showed a significant increase in their total crude protein content, ranging from 5 to 96%.

Protein lines were planted in replicated plots, with three replicates and two blocks. Phenotypic evaluation was
carried out on a number of important traits, including sterility, grain size, chalkiness, panicle number, and row grain
yield. Two hundred twelve lines exhibited partial sterility, ranging from mild to severe. The remaining lines were
fertile with no apparent differences with their respective original parental lines. Lines with the highest protein
content were fertile, with grain morphology closely resembling the parental lines.

Molecular Markers for Milling Yield in Southern U.S. Long-Grain Rice
Kepiro, J.L., Fjellstrom, R.G., and McClung, A.M.

Milling yield, defined as the percentage of whole rice kernels recovered after de-hulling rough rice, is a critically
important trait in rice, with poor milling cultivars being rejected by rice growers. Milling yield is a complex trait
comprised of component traits, each of which is under the control of numerous loci. Breeding for improved milling
yield is difficult because of the numerous sub-component traits and their quantitative inheritance and the impact of
pre- and post-harvest environments on the grain. A population of 137 Fy; progeny lines derived from a Cypress X
Panda cross was developed for mapping quantitative trait loci (QTLs) associated with milling yield. Cypress is a
long-grain cultivar having intermediate amylose content and is well-known for high and stable milling yield (whole
kernel percentage ~ 64%) over a wide range of harvest moisture levels. Panda is also a long-grain cultivar but has
low amylose content and is characterized by low milling yield (whole kernel percentage ~ 52%). Important
component traits contributing to the final milling yield were identified by regression analysis. Subsequent QTL
analysis was used to identify molecular markers linked directly to milling yield and/or to the component traits.
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Samples were milled using standard milling techniques beginning with 125 g of rough rice. Grain recovered after
each step of the processing was weighed and data for brown rice (BR), total milled rice (TR), and whole milled rice
(WR) were recorded. The whole kernel recovery was determined as the proportion of whole milled grains to the
total milled rice (WR/TR). Kernel lengths and widths were measured on 100 - 150 kernels per family for both
brown and milled rice using a winSEEDLE (2005a Pro) color image analysis system, and the broken and full length
brown rice kernels were counted. The color analysis feature of the system allowed development of a new method
for quantifying the area of chalkiness on a per kernel basis. Kernel thickness was measured with a digital
micrometer on 20 kernels. The apparent amylose content was measured using standard procedures.

A genetic linkage map of the population was created with JoinMap 3.0 using genotypic data from 532 amplified
fragment length polymorphism (AFLP) and 39 SSR markers across the 137 lines. AFLP markers clustered in
regions heterogeneous between the parents, and 442 AFLP markers were placed onto the 12 chromosome pairs of
rice using SSR markers of known location as anchors. The remaining 90 AFLP markers were linked into 13
relatively small groups for which the genomic location remains unknown at this time

Using simple regression, the proportion of brokens in the brown rice after de-hulling and before milling (PB = Pre-
broken), explained 59.2% of the variance (R?) in WR/TR, indicating this is an excellent predictor of milling yield.
Chalkiness in brown rice explained 19.2% of the variance in PB while apparent amylose explained 9.6% of the
variance. BR explained 67.9% of the variance in TR but was unrelated to WR and WR/TR. TR explained 14.1% of
the variance in WR. Chalk and apparent amylose explained 20.4 and 14.8% of the variance in WR/TR, respectively.
Moreover, length, width and thickness accounted for only for 0.3, 2.6, and 0.5% of the variance in WR/TR,
respectively, indicating that grain shape in this long-grain cross had little impact on milling yield.

Significant QTLs were identified for BR, TR, TR/BR, WR and WR/TR, with ¢BR-3, qTR-2, qTR-3, qTR/BR-2,
qWR-6, and gWR/TR-6 explaining 23.5, 14.6, 12.2, 13.8, 13.7, and 14.7% of their phenotypic variances,
respectively. Multiple significant QTLs for length, width, thickness, and chalkiness were also identified. The
percentage of phenotypic variance explained by the single largest contributing QTL for these traits was 22.4, 16.3,
21.2, and 12.6%, respectively. The Waxy locus (gWR/TR-6: RM190) was directly associated with 14.7% of the
variance in WR/TR. RM190 was also the largest contributing locus to the variance in PB, explaining up to 15.4%.
As a next step, we will perform QTL mapping within RM190 genotypic classes to identify additional loci with
significant effects on WR/TR and PB.

In conclusion, we have determined that chalkiness and, surprisingly, amylose content had a significant impact on
milling yield in this long-grain cross. We are converting the AFLP markers associated with chalkiness in this
population into micro-satellite (SSR) markers for testing and verification in U.S. rice breeding programs. Although
grain shape components did not have a major impact on milling in this cross, we also identified significant QTLs for
grain length, width, and thickness that may be useful in breeding programs. Moreover, we determined that PB is a
simple and efficient means of evaluating progeny for milling yield potential. We are continuing our investigation to
identify additional markers for milling yield in southern U.S. long-grain rice.

Genotypic and Phenotypic Assessment of the NSGC Rice Core Collection for
Amylose Content and Alkali Spreading Value

Fjellstrom, R., Yan, W., Chen, M.H., Bryant, R., Bockelman, H., and McClung, A.M.

The USDA-ARS National Small Grains Collection (NSGC) of Oryza germplasm currently contains over 20,000 rice
accessions. A core subset of roughly 1600 accessions was made in 2001 to represent the genetic spectrum of the
rice germplasm collection. Core collections are being established for many species to enhance the efficiency of
identifying new and useful source materials and, consequently, reduce costs in identifying desirable genes. The
NSGC rice core, derived from some 100 countries, was grown in Stuttgart, AR, during 2002 for phenotypic and
genotypic evaluation.
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Cooking quality is one of the most important traits in rice, with the two foremost components being amylose content
and gelatinization temperature. Detailed biochemical and genetic studies have shown that the rice Waxy gene,
which encodes the granule bound starch synthase enzyme, controls grain amylose content. Comprehensive studies
have also shown that the Alk gene, which encodes the soluble starch synthase Ila enzyme, controls starch
gelatinization temperature (frequently measured as alkali spreading value, or ASV) by regulating starch amylopectin
chain lengths.

In this research, over 1600 accessions of the USDA rice core collection were phenotyped for amylose content and
ASV. These accessions were also genotyped for two SNP (i.e., single nucleotide polymorphism) markers associated
with amylose content (exon 1 and exon 6), one SNP marker associated with starch pasting (RVA) properties (exon
10), and an intragenic microsatellite (RM 190), all in the rice Waxy gene, as well as two SNP markers in the Alk
gene associated with ASV.

Fourteen alleles for the Waxy microsatellite marker were identified, six of which were rare, each being found in less
than 1% of the accessions. Accessions with 8, 10, 11, or 12 CT repeats in the Waxy microsatellite marker all had
high (>22%) amylose content, while each of the few accessions with 14, 21, or 22 CT repeats had intermediate (20-
22%) amylose content. Accessions having 13, 15, 16, 17, 18, 19, and 20 CT repeats had either low (4-19%),
intermediate, or high amylose content, such that these microsatellite alleles were not highly correlated with any one
amylose content level. We found that the SNPs at exon 1 or 6 of the Waxy gene were better indicators of amylose
content than microsatellite alleles. Jodon, L-202, and Cocodrie are examples of cultivars having the same Waxy
microsatellite allele as cultivars like Cypress, Lemont, and Jefferson but they have significantly higher amylose
content. Our results indicate that allelic variation at exon 6 in these cultivars results in increased amylose content
but reduced RVA paste viscosity. Although amylose content explains some of the variation in starch pasting
properties, a SNP in exon 10 of the Waxy gene appears to significantly affect RVA measurements independent of
amylose content. One allele of this SNP is associated with a distinct RVA curve that is indicative of superior
processing and parboiling quality. These results demonstrate that although the RM190 marker, which is a
microsatellite in the non-coding region of the Waxy gene, is useful for predicting cooking quality in a narrow
germplasm base, allelic variation in other coding regions of Waxy have been identified that offer greater accuracy in
prediction of rice cooking and processing quality. We have also seen that there is no single SNP or mutation shared
among ‘waxy’ (glutinous) rice accessions that have no measurable amylose. Other researchers have demonstrated
that a wide variety of mutations in the Waxy gene can abolish granule bound starch synthase enzyme activity,
resulting in no amylose being produced

Over 60% of the accessions had the same alleles at the two Alk gene SNP sites which were associated with
intermediate or high ASV. However, mutations shown at either of the two SNPs resulted in ASV readings
indicating low gelatinization temperatures in the core accessions. Thirty percent of the accessions possessed a SNP
mutation commonly found in medium and small grain U.S. germplasm and 9% of the accessions had a SNP
mutation found primarily in northeast Asian germplasm. A small number of accessions had low gelatinization
temperatures with neither SNP mutation, suggesting the presence of other genes affecting amylopectin properties
besides the specific Ak gene SNPs assayed.

Our results demonstrate that molecular marker evaluation provides a valuable method for characterizing world

germplasm that is not skewed by environmental error, reveals sample heterogeneity that may be obscured in
phenotypic evaluation, and clearly identifies novel alleles within a continuous spectrum of phenotypes.
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High Silencing Frequency of the Rice RCg2 Promoter
Shi, X.Y., Jiang, Y.M., Wang, T., Lee, Y.H., and Hall T.C.

The RCg2 promoter, identified in a search for root-specific genes to combat the rice water weevil (RWW), has
proven to be silenced at high frequency (~90%). To identify key elements contributing to the root-preferential
expression of RCg2 and the high frequency of silencing observed in transgenic (YXB) lines, several RCg2 promoter
deletion constructs were designed. These include 5' deletions MC1, MC2, MC4, MC7, and MCS8 and internal
deletions MC5, MC11, MC12, and MC13. The promoter constructs were fused to the gus reporter gene and used for
Agrobacterium-mediated transformation of rice. Transformants resistant to 50 mg/L hygromycin were analyzed by
genomic DNA blots and histochemical GUS staining. The frequency with which silencing was encountered in
populations of the deletion mutants was used to characterize the effects of the various promoter elements.

Sequence analysis predicted the presence of many elements, including miRNAs, miniature inverted repeat
transposable elements (MITEs), and other repetitive regions. A comparison of GUS spatial distribution and
expression levels provided insight to the contributions of these elements to promoter activity. Related studies in our
lab have shown that MITEs can positively affect transcription but also increase the incidence of silencing.

The large number of independent transformants studied (363) gives credibility to the deduced positive and negative
regulatory elements. The region -272 to -214 includes elements with features similar to those of highly repetitive
sequences, to HSA miRNA from Homo sapiens and the conserved region of the MITE mJanus, and was found to be
a negative regulatory region. Deletion of the region from -406 to -208 (the MC11 promoter) revealed that it was
also a negative element as, of 36 independent transformants, 33% expressed GUS. A third, major, negative
regulatory region was identified: that between -328 and -268, which corresponds with a medium repetitive sequence.
Evidence for strong positive element(s) between -729 and -328 is derived from the finding for MC1 that 55% (of 33
independent transformants) express, whereas no expressors (of 16 independent transformants) were recovered for
MCA4.

Analysis of the RCg2 coding sequence suggests that it is a lipid transfer protein. The complexity of its promoter
regulation, together with its high frequency of silencing, suggests that it may play an essential role in rice growth
and development.

New Source of Imidazolinones Resistance in Rice
Livore, A.B., Prina, A.R., Birk, L., and Singh, B.

According to a farmer survey, the major constraints to rice production are weeds. Grasses, sedges and weedy rice
(“red rice”) have been the major groups of species that possess high fitness to the same environments where rice is
grown. These weeds have become globally distributed and are difficult to control in rice crops. Red rice belongs to
the same species as cultivated rice (Oryza sativa L.). The genetic similarity of red rice and commercial rice has
made herbicidal control of red rice difficult.

Imidazolinone herbicides bind to AHAS enzyme at specific binding sites. By inhibiting AHAS activity, this family
of herbicides prevents further growth and development of susceptible plants including many weed species.

A single nucleotide change in one or more conserved DNA regions elicits herbicide resistance. A mutation was
induced by chemical treatment and a nucleotide substitution that confers herbicide resistance was found.

Three rice plants were found that had increased tolerance to the imidazolinone herbicide as compared with a wild-
type variety of the rice plant and wherein the plants comprise one or more AHAS nucleic acids encoding a variant
AHAS protein comprising an alanine to threonine substitution as compared with a wild-type AHAS protein.

A treatment of 2X imidazolinone herbicides, Arsenal (Imazapyr 75 g ai/ha) and Cadre (Imazapic 24 g ai/ha) in a

water solution with a non-ionic surfactant (Citowet) at the rate of 0.25% (v/v) was applied at the 4- to 5-leaf stage of
the rice plants. No phytotoxic symptoms were observed in any of the populations derived from the three putative
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resistant plants. The populations outyielded the check plot treated with a regular grass herbicide. No segregants
were observed and a highly homogenous population either in agronomic and tolerance traits was produced from
each plant.

Genomic DNA was extracted from leaves of greenhouse grown seedlings from wild-type and variant IMINTA 1,
IMINTA 4, and IMINTA 5 rice lines and the AHAS gene was amplified by PCR. The PCR product was sequenced
using standard protocols. Sequence analysis revealed a single base pair change in the coding region of the AHAS
gene that caused an amino acid change from Alanine at amino acid 96 in the wild-type line to Threonine 96 in the
mutant lines. This mutation corresponds to an amino acid change at Alanine122 in the Arabidopsis AHAS sequence
to Threonine 122.

IRGA 417 was used as original cultivar to induce mutations. Crosses between IRGA 417 and IMINTA 4, were
made and the F; and F, were grown in the greenhouse to study the inheritance of the resistant gene. Preliminary
results of inheritance studies showed dominant gene effect. F; segregation studies are being carried out to check the
dominant gene hypothesis.

An imidazolinone-resistant rice cultivar was registered and commercially released under the name PUITA INTA-CL
in 2005, for the Argentine rice production system.

Variations in IR8 Rice Cultivar Released as Milagro Filipino in Mexico after 39 Years
Tabien, R.E., Harper, C.L., Frank, P.M., and Pace, J.V.

A series of plantings and seed increases in farmers’ fields can change the population, even in a highly self-pollinated
crop like rice. IR8 was released in Mexico in 1967 as Milagro Filipino and after 39 years, the recent population may
be distinguishable from the original population due to accumulation of variation.

Forty-four panicles from a seed production plot were planted one panicle to a row and evaluated for two years.
Several phenotypic variations were noted during the first year, thus a replicated test of 11 diverse lines and IR8 from
the gene bank was conducted. Significant differences were noted in plant height, maturity, length and width of flag
leaf, 1000-seed weight, and length and width of grain. Awning of seed and different colors of milled grain were also
noted. At least five lines had variation within rows and only two lines were comparable with IR8 in several traits.
Initial DNA analysis of the lines will be presented.

Improving Blast Resistance for Upland Rice in Colombia: A Challenging Task
Correa-Victoria, F.J. and Martinez, C.P.

Rice blast disease caused by Pyricularia grisea is the main rice production constraint in Latin America.
Development of resistant cultivars has been the preferred means of controlling this disease. However, blast
resistance is frequently defeated by the pathogen shortly after cultivar release; exceptions include Colombian
commercial cultivars Oryzica Llanos 5, released in 1989, and Fedearroz 50, released in 1998. High pathogen
variation, as described by infection phenotypes or “races” on a series of differentials, is often reported as the main
cause of resistance breakdown. One strategy to improve the durability of blast resistance is to “pyramid” resistance
genes by crossing rice varieties with complementary genes to provide multigenic resistance against the total
spectrum of blast races in a rice-growing region. To do this effectively requires: 1) characterization of the genetic
structure of the pathogen, including the composition, distribution and frequency of the avirulences that underlie race
variation; 2) identification and incorporation of resistance gene combinations into commercial rice cultivars; and 3)
the continuous evaluation and selection of breeding lines under high disease pressure and pathogen diversity. The
development of molecular genetic markers has allowed major advances in all aspects of this strategy.
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DNA fingerprinting establishes that the genetic structure of the pathogen throughout the Americas consists of
historically identifiable, clonal lineages. Each lineage may express many races, and some may have a broad
spectrum of virulence among related commercial cultivars. But, most lineages have defined cultivar-specificities,
and most importantly, all lineages characterized thus far have a corporate genetic weakness. At least one of the
known rice blast resistance genes is effective against all isolates of the same lineage. This suggests an evolutionary
(phylogenetic) association of avirulence genes and genetic lineages in the pathogen. This association can only come
about if these avirulence genes have an important function in pathogen and are strongly associated with pathogenic
fitness. As a major consequence, pyramiding the resistance genes corresponding to all of the lineage-wide
avirulence genotypes in a local pathogen population could be most relevant in breeding for durable resistance.
Unfortunately, pyramiding genes is difficult using just conventional greenhouse or field screening procedures. Here
too, advances in molecular marker technology, such as development of closely linked molecular markers, have made
it possible to pyramid major genes into one genotype and to simultaneously select several other complex characters
like quantitative trait loci (QTLs) that contribute to resistance expression. Convenient and cost-effective molecular
markers such as microsatellites (SSR) seem to be promising for the identification of blast resistance genes and for
pyramiding them into rice commercial varieties. These markers are now available through the published high-
density linkage map of rice or public database (www.gramene.org).

The rice blast project at CIAT serves as a model for using molecular markers to both develop and carry out a
breeding strategy for the development of durable blast resistance. We have analyzed the genetic structure of blast
pathogen populations extensively using MGR-DNA and rep-PCR fingerprinting techniques and studied the
avirulence gene diversity using a set of rice differentials with known resistance genes. The blast pathogen in
Colombia has high levels of race variability but exhibits few genetic lineages. The complexity of the pathogen
described as many races has been simplified into just six genetic families, named SRL-1 to SRL-6, which are mainly
compatible with indica types of rice, and one genetic lineage, named A-7, that is compatible mainly with japonica
type. Together, Colombian rice blast lineages exhibit a broad spectrum of virulence and, collectively, they defeat all
known blast resistance genes. However, some resistance genes are effective against all members of each lineage and
complements of such genes, in theory, should exclude all lineages.

Despite high virulence diversity, breeders at CIAT have been able to develop durable blast-resistant cultivars such as
Oryzica Llanos 5, indicating that combinations of resistance genes may confer suitable and durable resistance to the
pathogen. The resistance of Oryzica Llanos 5 has been durable and has remained stable under field conditions for
more than 14 years. Genetic studies have indicated the presence of at least four major genes controlling the
resistance to some blast isolates. Based on the presence of avirulence genes in our blast populations we have
inferred that Oryzica Llanos 5 carries at least eight major genes. The genetic basis of the high level of durable
resistance to rice blast in Oryzica Llanos 5 is being characterized in two Recombinant Inbred Lines (RILs) from a
cross between the susceptible cultivar Fanny and Oryzica Llanos 5. As a whole, the observed durable resistance in
Oryzica Llanos 5 seems to be the result of a combination of quantitative and qualitative resistance genes.

Benefits and Practical Challenges in Applying DNA Markers into an
Actual Rice Breeding Program

Utomo, H.S., Linscombe, S.D., and Sha, X.

DNA marker technology provides the opportunity to improve conventional breeding programs. SSR markers linked
to blast resistant genes Pi-fa2 and Pi-z were used to combine these genes during line development. Multi-way
crosses were made among the Pi-ta2 and Pi-z source lines and 32 breeding lines, including major cultivars. The
presence of markers for both blast-resistant genes was confirmed, a total of 412 F, plants from multi-way crosses
were grown in the greenhouse. The F,; plants were planted in 4300 rows and evaluated for agronomic traits.
Hundreds of F,4 lines both showing good agronomic potential and possessing the two blast genes were selected.
The marker approach has demonstrated its versatility to speed up the breeding process through utilization of the
greenhouse throughout the seasons followed by normal field evaluations.
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A majority of agronomic traits important to rice breeders are polygenic in nature and exhibit continuous phenotypic
variation (QTL). This is the greatest challenge for marker application in cultivar development. Despite current
success in polygene mapping, the application of DNA markers to dissect these complex traits remains a problem.
Most QTL mapping strategies require tremendous up-front cost, time, and labor. Association mapping based on
linkage disequilibrium (LD) was conducted to alleviate this problem. The resulting marker-trait association can
directly be used in the actual breeding cycles of crop improvement. Core entries of 140 lines representing breeding
germplasm, cultivars, exotic germplasm, elite line, and URN entries were used in the LD mapping. Population
structure was estimated based on 18 unlinked microsatellite markers. Associations of 64 SSR loci with kernel size
and weight were analyzed through a mixed-effects model in which marker tested was considered as a fixed factor
and subpopulation a random factor. Significant markers for kernel weight and size were detected on six and five
locations, respectively. These alleles were potentially useful for selection.

Reverse QTL mapping was conducted on an F, population aimed to fine map kernel weight and size. A rough
mapping analysis was performed on 80 F, plants. Information obtained was then used to screen 1120 F, plants to
select for QTL isogenic recombinants. The isogenic recombinants were subjected to fine mapping and the results
will be discussed. Fine mapping will allow marker-trait association not to become lost during the breeding process.

Advances in Marker-Assisted Selection for Rice Blast Resistance
Boyett, V.A., Gibbons, J.W., Moldenhauer K.A.K., Jia, Y., McClung, A.M., and Fjellstrom, R.G.

Marker-Assisted Selection (MAS) is being used in U.S. rice breeding programs to enhance development of rice
cultivars with improved genetic resistance to rice blast disease. Because there is a continuous threat of race shifts
within the Magnaporthe grisea populations found in southern U.S. rice fields, which can lead to a breakdown in host
plant resistance, it is important to identify, introgress, and pyramid additional sources of resistance into new
cultivars. Using molecular marker technology to accomplish these goals can accelerate the breeding process, as it is
more efficient for identifying major gene resistance and can be performed without regard to environmental
influences or confounding phenotypic traits.

As a result of research performed by the molecular genetics programs of the USDA-ARS/TAES in Beaumont, TX,
and USDA-ARS in Stuttgart, AR, several major resistance genes to rice blast have been mapped and DNA markers
have been developed for public use. Pi-ta confers resistance to races IB1, IB49, IB54, 1B45, IH1, 1G1, IC17, and
IE1, but not IE1K. However, Pi-b and Pi-z confer resistance to IE1K as well as several of the same races as Pi-ta.
Pi-k", Pi-K’, Pi-LEAH, Pi-i, and Pi-d also confer resistance to some of the races covered by Pi-ta, Pi-b, and Pi-z. By
pyramiding overlapping resistance genes into an improved cultivar, phenotypic resistance may be maintained even if
one source of genetic resistance breaks down.

Markers are available for the above resistance genes except Pi-d, which is reported to be linked to Pi-k". Most are
microsatellite markers, but both the microsatellite markers OSM 89, RM 155, and RM 7102 and the SNLP markers
YL 155 and YL 183 are available for analyzing Pi-ta alleles. Presence of Pi-b alleles can be determined by using
RMs 138, 166, 266, and 208. Pi-z alleles are detected by the microsatellites AP3540, AP5413, AP5659-3, RM 527,
or RM 6836. RMs 144, 224, and 1233 differentiate Pi-k alleles, and Pi-i is analyzed with RM 3855.

In the UA RREC breeding program, testing usually begins using a SNLP marker for Pi-fa in the F; generation. Leaf
tissue is sampled for genomic DNA using a high-throughput DNA extraction. PCR is performed with fluorescent-
labeled forward primers, and the resulting PCR products are detected with an Applied Biosystems 3730 DNA
Analyzer and analyzed with GeneMapper software. After the first round of MAS, progeny of parents that may also
possess Pi-b or Pi-z resistance undergo another series of marker analyses for these additional genes.

Thousands of samples have been processed for MAS in the UA RREC program, eliminating on average about 40%
of the test material. By increasing the efficiency of early rounds of selection for blast resistance, the breeders gain
confidence in the selected materials and can quickly cease investing resources in material that would otherwise
never perform to the breeders’ standards.
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Genotypic and Phenotypic Assessment of the NSGC Core Collection of Rice
for Resistance to Pyricularia grisea

McClung, A.M., Yan, W., Jia, Y., Lee, F., Marchetti, M.A., and Fjellstrom., R.G.

Currently, the USDA ARS National Small Grains Collection (NSGC) of rice consists of over 18,000 accessions that
have been collected from 115 countries. Although, the first accessions were entered into the rice collection in 1904,
over 40% of the accessions were introduced during the 1970s, predominantly from Asia. Data on 27 traits are
curated on the Germplasm Resource Information Network website (www.ars-grin.gov/npgs) for the accessions.
However, only 2% of the collection has been evaluated for resistance to blast disease caused by Pyricularia grisea.
Because it is difficult to collect meaningful data over such a large set of material, a “core” subset of the collection
has been developed. The NSGC core collection is comprised of some 1800 accessions that represent about 10% of
the whole collection. Over the last several years, progress has been made in developing molecular markers that are
closely linked to major Pi- blast resistance genes. These have been successfully used as selectable markers in U.S.
cultivar development programs. The objective of this study was to characterize the rice core collection for
resistance to blast disease using phenotypic and genotypic assessment.

Some 1600 accessions of the core collection were evaluated for resistance to blast using a mixture of races in
inoculated blast nurseries and for their reaction to seven individual races of blast that are found in the United States:
1B33, IB1, IB49, IH1, IG1, IC17, and IE1k. In addition, the accessions were scored for molecular markers that are
associated with major blast resistance genes: Pi-ta’, Pi-b, Pi-z, and Pi-k. A total of 1160 accessions evaluated for
their reaction to all seven races of blast. Two accessions, T442-57 (PI 406577) from Thailand and Blakka Tere
Thelma (PI 369804) from Suriname, were observed to be resistant to all races of blast. These cultivars likely have
multiple resistant genes, some of which are unknown in U.S. germplasm. In addition, 1% of the collection was
found to have resistance to race IB33, for which there is no known resistance in the United States.

Genotypic analysis of the accessions, indicated that over 30% were heterozygous at one or more loci, suggesting that
these are mixtures or landraces. Twelve percent of the core collection was observed to possess the Pi-ta” allele
which provides broad spectrum resistance to many races of blast found in the United States. However, over 60% of
the accessions having Pi-ta’ were susceptible to one or more of these races. This suggests that there may be
variability at this locus for resistance to specific races of blast. In addition, 11% of the accessions which possessed
the Pi-ta’ gene, but lacked other Pi-genes, were resistant to IE-1k which generally causes a susceptible reaction
when Pi-ta’ is present. This indicates that other novel resistance genes may be present in this germplasm. For the
accessions that were genotyped using markers for the Pi-z and Pi-b genes, about 10% of the collection had resistant
genotypes. However, 10 or more mar