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Foreword

As well as being a research center in its own right,
IRRI serves as a scientific clearinghouse for
knowledge generated in both industrialized and
agriculture-dominated economies, as a promoter of
across-national-boundaries cooperation in rice
research, and as a facilitator in bridging the gaps
between scientific disciplines, rice ecosystems, and
agricultural research institutions.

Over the years, we have learned more about how
tc use knowledge developed elsewhere, even outside
agricultural research institutions, to strengthen our
own activities and those of our partners in rice-
growing countries. The growing complexity of the
problems and the necessity of seeking
environmentally friendly solutions challenge us to
seek innovative opportunities.

IRRI’s role in the global rice research community
is being defined more and more by strong involvement
of the Institute’s scientists in strategic res=arch, and
in collaboration with scientists in national rice

research programs and other advanced institutions
and laboratories all over the world.

Atthe same time, we must ensure that our research
continues to contribute to achieving the Institute’s
objectives and goal. Through enhanced linkages
with non governmental organizations and the private
secter, we seek to design research of relevance to the:
rice farming community. This will increase the
efficiency of the research agenda inatime of shrinking
resources.

This Program Report for 1991 is the definitive
record of achievement in the research undertaken by
IRRI, much of it in collaboration with others. It is
intended to account to donors and to make available
to rice researchers everywhere current information
about the outcome of activities projected in the
Institute’s Work Plan for 1990-1994.

Klaus Lampe
Director General
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Alejandro L. Galang, BS, research assistant
Larry C. Guera, MS, research assistant’!
Maximina A. Lantican, MS, research assistunt
Celeste C. Patena, BS, rescarch assistant

Ma. Beatriz M. Santos. BS, research assistant
Soli Thanh Aquino, BS, resewrch aide?

Rubenito Lampayan, BS, rescarch aide"

Myra B. Pura, BS, rescarch aide'

CENTRAL RESEARCH FarM

Orlando G. Santos, MPS, head

Eladio M. Baradas, MS, officer. grounds development and
maintenance (GDM)

Telesforo M. Laude, MS. officer, labor, irrigation and
drainage. seed processing (LIDSP)

Lawrence C. Kiamco, MS. officer, mechanical vperations
(MO)

Patrocinio C. Pamwua, MS, officer, plant protection und
surveillance (PP&S)

George C. Patedn, MS. officer, plant growth fucilities (PGF)

Reynaldo C. Aranda, BS. senior irrigation supervisor, LIDSP

Celso C. Salamutin, MS, senior supervisor, LIDSP

Zacarias . Dacula, BS. supervisor, LIDSP

Vivencio P. Marciano, 8BS, supervisor, LIDSPH

Napoleon T. Banasihan, supervisor, LIDSP

Dionisio C. Mendoza, supervisor, LIDSP

Rustico C. Bautista, BS. sced processing enginecr, 1LIDSP'

Filomeno O. Lanting, MS, senior supervisor, PP&S

Susan V. Mercado, BS, supervisor, PP&S

Edwin B. Nuevo, BS, supervisor, PP&S

Loreto B. Aclan, BS, supervisor, MO

Margarito A. Obien, BS, supervisor, MO'™

Fabian B. Alcantara, rescarch center supervisor, GDM

Nestor C. Gonzales, staff housing supervisor, GDM

Bienvenido B. Manimtim, BS, supervisor, PGF

Arnold R. Manza, BS, supervisor, PGEP

Georgina V. Vergara, 8S, supervisor, PGF”

SeEp HeaLti Unit

Twng-Wah Mew, Ph D, plant pathologist and head
Silvino D. Merca, MS. assistant scientist

Carlos C. Huelma, BS, research assistant

Ariclo P. Manila. BS, rescarch uide

PROJECT MANAGEMENT SERVICES AND

BioMETRICS

Kwanchai A. Gomez, Ph D, head

V.A. Samaranayake, Ph D, visiting scientist’
Grace L. Reyes, BS, senior rescarch assistant™
Violeta 1. Bartolome, BS, rescarch assistant
Gemma Mercedes Belarmino, BS, research assistane
Rowen T. Calinga, BS, rescarch assistant®
Lanie L. Criseno, BS, research assistant’
Anabella C. Fabellar, BS, rescarch assistant
Dolores R. Ledesma, MS, research assistant
Julie Z. Mojica, MS, research assistant

Ester C. Ulpindo, BS, rescarch assistam
Junelyn Joyce R. Arizala, BS, research aide®
Luralyn Ramos, BS, research aide
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ANALYTICAL SERVICE LLABORATORIES AND

PesTiCIDE RESIDUE LABORATORY

Ruby U. Castro, MS, manager

Bemardita E. Mandac, MS. senior research assistant
Rene R. Diocares, BS, instrumemtation specialist!
Elizabeth A. Conocono, BS, research assistant

Ma. Ederlinda C. Pascual, BS, research assistant
Adonna M. Robles, MS. research assistant

GEeNeTIC Resources CENTER
Michael T. Jackson, Ph D, head’

International Rice Germplasm Center
Te-Tzu Chang, Pit D, principal geneticist and head’
Duncan A. Vaughan, Pl D, associate geneticist
Genoveva C. Lotesto, MS. senior assistant scientist
Adelaida P. Alcantara, BS, research assistant

Ma. Socorro R. Almazan, BS, rescarch assistant
Tomas P. Clemeno, BS, research assistant

Flora C. de Guzman, MS, research assistant

Amita B. Juliano, BS, research assistant

Ma. Elizabeth B. Naredo, BS, research assistant
Myma D. Oliva, 8S, rescarch assistant

Rizalino C. Portes, 8S, research assistant!

Renato Reaiio, BS, research assistant

Verena T. Tolentino, BS, rescarch assistant
Evangeline B. Guevarra, BS, junior research assistan

International Network for Genetic Evaluation

of Rice

V. Seshu Durvasula, Ph D, plant breeder and global
coordinator

Krishna Alluri, Ph D, liaison scientist and INGER regional
coordinator for Africa

Federico E. Cuevas-Perez, Ph D, liaison scientist and INGER
coordinator for Latin America

Muhammad Akbar, Pht D, plant breeder’

Sang-Won Ahn, Ph D, plant pathologist

Victoria C. Lopez, BS. senior researcl assistant

Mario M. Movillon, MS, scnior research assistant

Imelda P. Malabanan, BS, reseurch assistant

Paul Comelio T. Maturan, BS, research assistant

Femando C. Tagalog, BS, research assistanr’

Ma. Concepeion U. Toledo, BS, research assistant

Nemesio U. Trilluna, MS, research assistant!

Robert C. Ona, 8BS, research aide

INFORMATION CENTER

Thomas R. Hargrove, Ph D, editor and head'

M. LaRue Pollard, Ph D, editor

William H. Smith, BS, editor!

Stephen 1. Banta, Ed D. editor’

Carolyn Dedolph, MS. science editoriwriter!

Marinus Cornelis van den Berg, BS, head, computer services

Lina M. Vergara, MS. librarian

Leslie E. Rese, BA, consultanr’

Felix R. Librevo, Ph D, rescarch fellow”

DecAnna K. Adkins, BS, editorial associate’

Gloria S. Argosino, MA, editorial supervisor

Redentor A. R. Natividad, BS, assistant public information
officer”

Ratniro C. Cabrera. BFA, manager

Elma O. Banilbo, BS, senior administrative assistant

Victoria L. Cabanilla, MS, senior research assistant
Wenceslao C. Alimagno, BS, senior supervisor
Milagros C. Zamora, MS, assistant librarian

Mila M. Ramos, MLS, assistant librarian

Carmelita S. Austria, MLS, acquisitions librarian
Kazuko Morooka, BA, library supervisor (in Japan)
Teresita V. Rola, BS, assistant editor

Ma. Theresz A, Castillo, BS, editorial assistant
Melita Q. Magsino, BS, production assistant

Pureza O. Nora, production assistant

Heraldina R. Salonga. BS, data base administrator!
Susan L. Erguiza, MS, data hase udministrator™
Angelito G. Bemardo, BS, assistant manager
Teofila E. Barcenas, MLS, information resource librarian’
Editha S. Lantican, MLS. indexer

Chika Nakashima, BS. indexer (in Japan)'

Edgardo M. Delfino, BS, art & illustrations supervisor’
Patricio O. Mamon, BS, graphics supervisor
Marieta R. Manza, BS, audiovisual supervisor
Antonio C. Turulak, BS, systems programmer’
Roy Russel M. Romano, BS. analyst programmer’
Joseph T. Alonzo, BS, computer programmer”
Edgardo M. Mendoza, BS, research essistant’'

John B. Figarola, senior illustrator

Edwin C. Lozada, BS, senior audiovisual assistant

TRAINING CENTER

Dan R. Minnick, Ph D, training specialist and head'
Ellis L. Matheny, Ir., Ph D, training specialist and head
Robert T, Raab, Pl D, training und courseware specialist'
Gina M. Ordofiecz, MBA, consultant!

Orlando N, Magistrado, MS, assistant scientist
Enrique L. Navarro, MS, assistant scientist™

Aurora M. Argente, MS, senior training assistant
Emerita P. Cervantes, M Ed. serior training assistant
Amando S. Erguiza, MS, senior training assistanr
Anita L. Frio, MS, senior training assistant

Emesto G. Perez, MS, senior training assistant
Madeline B. Quiamico, MS, senfor training assistant
Emerito V. Tipa, MS. senior training assistant
Noerai M. Yapit, MS, senior training assistani

Josefa G. Cenas, MS, training assistant

Joel Rizaldy G. Flor, AB. training assistant'

Oscar A. Garcia, 8BS, truining assistant

Rebecca H. Patalen, M Agr, training assistant
Salvador 1. Yabes, MS, training assistant

Fe A. Anido, BS. rescarch assistant'®

Remedios E. Ballesfin, BS, research assistant”

Gina E. Zarzadius, BS, training aide

INTERNATIONAL PROGRAMS MANAGEMENT

OFFICE

Glenn L. Denning, Pht D, heud

Virgilio R. Carangal, Ph D, head™

Julian A, Lapitan, MS, assistant scientist

Abraham M. Mandac, MS, assistant scientist™

Ma. Cynthia P. Guhiting, MBM, research assistanr’
Arseniv R. Samiano, MS, research assistant

Elias V. Sanding, MS, research assistant’

Rice FARMING SYSTEMS PROGRAM

Virgilio R. Carangal, Pl D, agronomist and coordinator
Rolando V. Labios, MS, senior rescarch assistant'®
Antonio C. Morales, MS, senior research assistant
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Esteban C. Godilano, MS, research assistant
Eleuterie T. Revancos, Ir., BS. research assistane®
Primitivo L. Tengco, BS, rescarch assistans®
Efren C. Armada. BS, rescarch aide®

INTERNATIONAL NETWORK ON SoiL FERTILITY

AND SUSTAINABLE RICE FARMING

Emesto L. Aragon, Ph D, ussociate agronomist and
coordivator

Rogelio T, Rosales, MS. senior research assistant

Victoria N. Cacnio, MS, research assistanr

Ricardo P. Novero, MS, research assistant

Edwin M. de Guzman, BS, research aide'

Jaderick P. Pabico, BS, research aide’

'Left during the year.

*On study leave/training,

*Joined and left during the year.

*Joined during the year.

*Cooperative research staff,

*On project appointment.

"Died duting the year.

*Appointed Director for Administration in December 1991,

“Transferred from Plant Breeding, Genetics, and Biochemistry
to Egypt-IRRI P:oject,

"Transferred from Plant Breeding, Genetics, and Biochemistry
to Agronomy, Plant Physiology, and Agroecology.
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"Transferred from Plant Pathology to Plant Breeding,
Genetics, and Biochemistry.

“Transferred from Plant Breeding, Genetics, and Biochemistry
10 Soil Microbiology.

BTransferred from Agricultural Engineering to Soil and Water
Sciences.

"“Transferred from Social Sciences to Central Research Farm.

“Transferred from Agricultural Engineering to Central
Research Farm.

“Transferred from Genetic Resources Center to Central
Research Farm.

"Transferred from Plant Breeding, Genetics, and Biochemistry
to Central Research Farm.

"Transferred from Project Management Services and
Biometrics to Liaison, Coordination, and Planning Unit.
"Transferred from Pesticide Residue Laboratory to Information

Center.
*Transferred from Social Sciences to Information Center.
*Transferred from Plant Breeding, Genetics, and Biochemistry
to Training Center.
“Transferred from Agronomy, Plant Physiology, and
Agroecology to Training Center.
*Transferred from Training Center to Central Files Office.
*Acting heud, International Programs Management Office.
“Transferred from Social Sciences to International Programs
Management Office.



Using this report

This Program report for 1991 includes capsule
surinaries of research undertaken by the Institute
during the past year, plus discussions of the
international programs that interconnect with the
research programs. Itis similar to the Annual reports
published 1961-1988 in being the primary, definitive
record of progress made by the Institute.

Theresearchreported here follows the ecosystem-
based erganization that went into effecton 1 January
1990. All research activities are reported under one
of the five research programs: lrrigated Rice, Rainfed
Lowland Rice, Upland Rice. Deepwater and Tidal
Wetlands Rice, and Cross-Ecosystems Research.
Other activities are reported under the five
international programs: Germplasm Conservation
and Dissemination, Information and Knowledge
Exchange, Networks, Training, and Country and
Regional Projects.

Not all work done by the Institute in 1991 is
reported here. The report is limit.d to activities that
had reached a reportable stage involving analysis,
interpretation, and conclusions. A few significant
interim results are reported because it was felt they
would be usefu! to other rice workers.

The international programs are administered
through five entities, which can be contacted for
further information:

Genetic Resources Center (Cermplasm

Conservation and Dissemination Program)
Information Cer.ter (Information and Knowledge
Exchange Program)

Deputy Director General for International
Programs (Networks)

Training Center (Training Programs)

International Programs Management
(Country and Regional Projects)

Office

Information on the research programs can be obtained
from the program leaders or the research divisions
noted on the table of contents for each program (pp.
3-4, 51, 83, 105, 123-124), following these
abbreviations:
AE = Agricultural Engineering Division
APA = Agronomy, Physiology, and
Agroecology Division)
E = Entomology Division
PBGB = Plant Breeding, Genetics, and
Biochemistry Division
PP = Plant Pathology Division

SM = Soil Microbiology Division
SS = Social Sciences Division
SWS = Soil and Water Sciences Division

The other abbreviations and acronyms used in
this report are listed on the following pages. In
addition, we have spelled out all names and terms on
firstuseineach programand have used abbreviations
thereafter.

The report uses the International System of Units
(SI), with a few exceptions. Monetary units are
usually in U.S. dollars ($); if not, exchange rates are
provided. Control or check normally means an
untreated control. Grain yield is calculated as rough
rice, and protein content as a percentage of brown
rice, at 14% moistwie content. Yield refers to grain
yield unless otherwise noted. Fertilizer amounts are
giveninterms of the elements (N, P, K, Zn, etc.) and
not in the older conventional oxide formulations
(P,0,, K,0, etc.).

Pedigrees are indicated by a slant bar (/) rather
than by a multiplication sign (x). For example,
(PTB33xIR30)xIR36is written PTB33/IR30//IR36.
Fourth and further crosses are designated /4/,/5/, and
so on. Backcrosses are designated by an asterisk (*)
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and a number indicating the dosage of the recurrent
parent. The asterisk and the number are placed
adjacent to the crossing symbol, which divides the
recurrent and donor parents.

Unlessotherwise noted, scoring ot morphological
characters and of damage attributed to rice pests and
physiochemical stresses is based onscales in Standard
evaluation system for rice (SES), 3d edition, 1988.
Copies are available from the International Network
for Genetic Evaluation of Rice, IRRL

In tables, a sir.gle asterisk (¥) means a difterence
at the 5% level of significance, and a double asterisk
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(**) means a significant difference at the 1% level;
ns means not significant. Unless otherwise stated,
separation of means in table columns is by Duncan’s
multiple range test at the 5% level.

This report normally uses generic nawes for
chemiculs. Use of a commercial or brand name does
not constitute endorsement.

A thumb index on the back cover provides access
tocach program. To use it,bend the book slightly and
follow the margin index to the page with the black
edge rnarker.



Abbreviations and acronyms

AC =amylose content

AE = Agricultural Engineering Division

ai = active ingredient

AIRAT = African Irrigated Rice Advanced Trial

AIRON = African Irrigated Rice Observational
Nursery

AIRPSS = African Irrigated Rice Preliminary
Screening Sci

APA = Agronomy, Physiology, and Agroecology
Division

ARBN = African Rice Blast Nursery

ARFSN = Asian Rice Farming Systems Network

ARLESS = African Rainted I owland Rice
Evaluation and Screening Set

ASL = Analytical Service Labnratories

AURAT = African Upland Rice Advanced Trial

AURPSS = African Upland Rice Preliminary
Screening Set

AUYT = Acid Upland Yield Trial

BB = bacterial blight

BGA = blue-greea algae

Bl = blast

BLS = bacterial leaf streak

BM = barnyard manure

BNF = biologicai nitrogen fixation

BPH = brown planthopper

BRIARC = Bico! Regional Integrated Agricultural
Research Center

BRRI = Bangladesh Rice Research Institute

CABO = Center for Agrobiological Research

CIAT = International Center for Tropical
Agriculture

CIMMYT = International Maize and Wheat
Improvement Center

CIRP = Cambodia-IRRI Rice Project

CLSU = Central Luzon State University

CMC = critical moisture content

CMS = cytoplasmic male sterile (sterility)

CNPAF = Centro Nacional de Pesquisa—Arroz,
Feijao

CP = coupling points

CPS = Communication and Publications Services

CRF = Central Research Farm

CSIRO = Commonwealth Scientific and Industrial
Research Organization

CT = cold tolerance

DAD = days after draining

DAS = days afier sowing (seeding)

DAS-ELISA = donble antibody sandwich
enzyme-linked immunosorbent assay

DE = days after cmergence

DH = doubled haploid

DLA = diseased leaf area

DNA = deoxyribomicleic acid

DRT = drought score

DS = dry season

DSI = disease severity index

DSR = direct seeded rice, dry seeded rice

DSSAT = Decision Support System for
Agrotechnology Transfer

DT = days after transplanting

DWR = deepwater rice

DWT = dry-to-wet transition period

E = Entomology Division

EC = electrical conductivity

ELISA = enzyme-linked immunosorbent assay
ELON = elongation

ESL = English as a Second Language

ET = evapotranspiration
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FLOD = flooding

FMP = fused magnesium phosphate
FSR = farming systems research
FYM = farmyard manure

GA, = gibberellic acid

GC = gel consistency

GCA = general combining ability

GEU = genetic evaluation and utilization
GIS = Geographic Information Systems
GLD = glume discoioration

GLH = green leafhopper

GM = green manure

GRC = Genetic Resources Center

GT = gelatinization temperature

HI = harvest index

ICAR = Indian Council of Agricultural Research

ICLARM = International Center for Living
Aquatic Resources Management

IDRON = International Deepwater Rice
Observational Nursery

IDRYN = International Deepwater Rice Yield
Nursery

IFDC = International Fertilizer Development
Center

IIRON = International Irrigated Rice
Observational Nursery

IIRYN-E = International Irrigated Rice Yield
Nursery-Early

IIRYN-M = International Irrigated Rice Yield
Nursery-Medium

[IRYN-VE = International Irrigated Rice Yield
Nursery-Very Early

INGER = International Network for Genetic
Evalnation of Rice

INSUREF = International Network on Soil Fertility
and Sustainable Rice Farming

IPM =intesra J pest management

IPMO = Iniematior.al Prograin Management
Office

IRALON = International Rice Acid Lowland
Observational Nursery

IRAT = Institute for Research in Tropical
Agriculture

IRBBN = Internat*onal Rice Bacterial Blight
Nursery

IRBN = International Rice Blast Nursery
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IRBPHN = International Rice Brown Planthopper
Nursery

IRCTN = International Rice Cold Tolerance
Screening Nursery

IRDTN = International Rice Drought Tolerance
Screening Nursery

IRG = irrigated environment

IRGC = International Rice Germplasm Center

IRGDB = International Rice Genealogy Data Base

IRGMN = International Rice Gall Midge Nursery

IRLYN-E = International Rainfed Lowland Rice
Yield Nursery-Early

IRLYN-M = International Rainfed Lowland Rice
Yield Nursery-Medium

IRSBN = International Rice Stem Borer Nursery

IRSTON = International Rice Salinity Tolerance
Observational Nursery

IRTN = International Rice Tungro Nursery

IRUN = International Rice Ufra Nursery

IRWBPHN = International Rice Whitebacked
Planthopper Nursery

ITRON = International Tidal Wetland Rice
Observational Nursery

IURON = International Upland Rice
Observational Nursery

IURYN-E = International Upland Rice Yield
Nursery-Early

IURYN-M = International Upland Rice Yield
Nursery-Medium

LAN = Local Area Network

LEU = land equivalent unit

LF = leaffolder

LSS = Literature Search System

LT,, = time required to kill 50% of population
exposed to a constant Jethal temperature

LTFE = long-tertn fertility experiments

MAALSs = monosomic alien add;ition lines

MAC = maximum allowable concentration

MARDI = Malaysian Agricultoral Recearch and
Development Institute

MBPS = modified bulk pedigree selection

MC/ha = millioin culms per hectare

MDH = malate dehydrogenase

MLO = mycoplasma-like organism

MNU = mutagen N-methyl-N-nitrosourea

MS = Murashige Skoog

MYV = modern \ ariety



NAA = naphthalene acetic acid

NARC = National Agricultural Research Center
NARS = national agricultural research systems
NBS = narrow brown spot

NCP = noncapsid protein

NILs = near-isogenic lines

NRD = Noakhali Rural Development Project
NSSL = National Seed Storage Laboratory

ORSTOM = Institut Frangais de la Recherche
Scientifique pour le Developpement en
Cooperation

PACC = Publications and Communication
Committee

PBGB = Plant Breeding, Genetics, and
Biochemistry Division

PBH = plowing. broadcasting, harrowing

PBI = panicle tlast

PCR = polymerase chain reaction

PGD = phosphogluccnate dehydrogenase

PGF = Plant Growth Facilities

PGMS = photosznsitive genic male sterile
(sterility)

PhilRice = Philippine Rice Research Institute

PI = panicle initiation

PMSB = Project Management Services and
Biometrics

PNG = Pzpua New Guinea

PP = Plant Pathology Division

PR = phosphate rock

PRC = Prachinburi Rice Research Center

PRRI = Philippine Rice Resecarch Institute

FRTD = protein, dry season

PRTW = protein, wet season

PS = pedigrc~ selection

RADPC = relative area under the disease progress
curve

RAPD = randomly amplified polymorphic DNA

RAVC = rewrns above variable cost

RFIFLP = restriction fragment length polymorphism

RG = rate of germination

RGSYV = rice grassy stunt virus

RI = recombinant inbred

RLF =rice leaffolder

RRSV =rice ragged stunt virus

RSHT = routine seed health tests

RTBYV = rice tungro bacilliform virus

RTD =rice tungro disease

RTD SS = rice tungro disease screening set
RTSV = rice tungro spherical virus

RVA = rapid VISCO analyzer

RWM = rice whorl maggot

RYD =rice yellow dwart

RYT =rice yield trial

SACCAR = Southern African Center for
Cooperation in Agricultural Research

SADCC = Southern African Development
Coordination Conference

SAL = salinity

SARIF = Sukarami Agricultural Research Institute
for Food Crops

SARP = Systems Analysis and Simulation in Rice
Production

SAWAH = Simulation Algorithm for Water Flow
of Aquic Habitats

SB = stem borer

SBSD = striped stem borer

SBYD = yellow sicm borer

SCA = specific combining ability

SDS-PAGE = sodium dodecy] sulfate
polyacrylamide gel electrophoresis

SES = Standard evaluation system for rice

ShB = sheath blight

ShR = sheath rot

SHU = Seed Health Unit

SM = Soil Microbiology Division

SMT = soil moisture tension

SR = stem rot

SS = Social Sciences Division

SURIF = Sukamandi Re+ <arch Institute for Food
Crops

SWS = Soil and Water Sciences Division

TC = traditional cultivars

TDM = total dry matter

TDMY = total dry matter yield

TGMS = thermosensitive genic male sterile
(sterility)

TPR = transplanted rice

TRL = total root length

TSP = triple superphosphate

TV = traditional variety
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ULYV = ultralow volume

UPLB-NAAP = University of the Philippines at
Los Bafios-National Azolla Action Program

UPRIIS = Upper Pampanga River Integrated
Irrigation System

UR = upland rice

URRC = Ubon Rice Research Center

USG = urea supergranule

UV-B = ultraviolet-B

VES = Visayas Experiinent Station

WA = wild abortive

WALI = weeks after inoculation

WBPH = -hitebacked planthopper

WE = weeks after emergence

WH = whiteheads

WIRFS = Women in Rice Farming Systems
WS = wet season

WSR = wet seeded rice

YCES = Yeongnam Crop Experiment Station
Y/MEDP = yield per million emerged plants
Y/MHC = yield per million harvested culms
YSB = yellow stem borer

ZLH = zigzag leafhopper
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Irrigated rice ecosystem

Subprogram I: Germplasm
improvement

Integrated germplasm improvement

The main focus of this project is todevelop improved
germplasm with high yield potential, superior grain
quality, multiple resistance to major diseases and
insects, growth duration of 100-140 d; and to share
this germplasm with national programs

During 1991, 587 crosses were made, F, popula-
tions were grown from 316 crosses, 69,256 pedigree
nursery rows were evaluated, and 690 advanced
generation lines were tested in replicated yield trials
(RYTs).

We evaluated 32 elite breeding lines in lowland
rice performance trials of the Rice Varietal Improve-
ment Group of the Philippine Seed Board. About 200
elite breeding lines were evaluated internationally in
INGER nurseries. In response to 59 seed requests,
IRRI supplied 5,449 seed packets to national pro-
gram scientists, thus sharing the improved germplasm
with numerous national programs.

YIELD POTENTIAL

Development of rice prototypes with higher yield
potential is the top priority of this project. The
objective is to develop a new plant type with large
panicles, sturdier stems, fewer tillers, and thick, dark
green leaves. We made 275 crosses aimed at devel-
oping the new plant type. Most of the donors for the
desired traits are tall and belong to the tropical
japonica group. As a first step we are trying to
shorten their stature. Initially, our donor for dwarf-
ism was MD2, a short-statured japonica from Ma-
dagascar; however, it showed poor combining abil-
ity. We are now using Shen Nung 89-366, a short-
statured japonica from China, which combines well

with tropical japonicas. Short-statured progenies
from its crosses are being evaluated in the F, pedi-
gree nursery. Some of the progenies have a number
of desired traits.

Most of the donors for the new plant type have
short bold grains. To develop germplasm of new
plant type with long grains, we are using some long-
grain japonicas in the hybridization program. The
new lines will be evaluated for yield potential in
1993 dry season (DS).

MODIFIED BULK PEDIGREE SELECTION

PROCEDURE IN SELECTING FOR YIELD

During 1990, the modified bulk pedigree selection
(MBPS) procedure proved to be a superior method to
select for yield potential in rice (Program report for
1990).

In RYTs during DS and wet season (WS), 15
MBPS-derived elite lines (8 short-duration and 7
medium-tolong-duration) were compared with check
varieties derived by pedigree selection (PS) proce-
dure. The mean yield of the MBPS-derived lines was
significantly higher thanthat of the PS-derived checks
in DS, but comparable during WS. During DS, the
highest MBPS-derived lines in the two maturity
groups yielded 1.0 and 0.4 t/ha more than the two
highest yielding checks (Table 1). The results recon-
firmed the superiority of the MBPS procedure over
the PS procedure in selecting for higher yield poten-
tial in rice.

GROWTH AND YIELD POTENTIAL OF

IRRIGATED RICE

The grain yield of irrigated rice is influenced largely
by solar radiation and N supply, but only N supply
can be modified by management. Results from the
long-term continuous cropping experiments at IRRI
and other Philippine sites indiccte that plant N up-
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take constrains rice yields when N fertilizer input
levels and timing are heid constant. Evidence for this
hypothesis is reported under Systems productivity
and sustainable rice systems (p. 34). This constraint
will impede efforts to identify and select improved
germplasm with greater yield potential because se-

Table 1. Yields of some rice cultivars derived through
modified butk pedigree selection and check varieties
bred through pedigree selection. IRRI, 1991.

Yield (t/ha)
Cultivar
Dry season Wet season Mean

Early group
IR54790-B-B-38 4.9 4.6 4.8
IR54791-B-B-1 5.0 4.4 - 4.7
IR54819-B-B-172 5.1 4.4 4.8
IR54819-B-B-226 5.0 4,5 4.7
iR54819-B-B-232 5.2 4.6 4.9
IR58100-B-B-198 5.4 4.6 5.0
IR58125-B-B-44 5.8 4.1 5.0
IR58125-B-B-42 5.6 4.6 5.1

Mean 5.2 4.5 4.9
IR50 (check) 4.4 - 4.4
IR66 (check) 4.8 3.9 4.4
IR72 {check) 4.8 4.8 4.8
PSB4 {(check) - 3.7 3.7

Mean 4.6 4.4 4.5

LSD (0.05) 0.6 0.7
Late group
IR54791-B-B-134 5.5 4.1 4.8
|IR54853-B-B-54 5.3 4.8 5.1
IR54853-B-B-294 5.9 4.6 5.3
IR54896-B-B-85 6.0 4.1 5.1
IR54896-B-B-272 6.0 4.9 5.4
IR58100-B-B-33 5.8 47 5.2
IR58125-B-B-6 5.8 4.4 5.1

Mean 5.8 4.5 5.1
IR68 (check) 5.6 4,2 4.9
IR74 (check) 4.9 5.0 5.0

Mean 5.2 4.6 5.0

LSD (0.05) 0.6 0.6

lections are made in field trials at suboptimal growth
conditions.

The seasonal pattern of plant N uptake is gov-
erned by 1) the supply of N from soil and applied
fertilizer to the root system, and 2) the rate of N
uptake by the root system. Our goal in 1991 was to
determine the degree to which N uptake by rice could
be modified by changing the N supply to the root
system, especially from anthesis to physiological
maturity.

To test the hypothesis that present N fertilizer
recommendations can result in a deficient late sea-
son N supply, a field experiment in 1991 WS com-
pared the recommended N application practice (2/3
of the total applied basally and 1/3 at panicle initia-
tion [PI]) with an N management strategy that more
evenly distributes N supply: three split applications
from transplanting to PI and an additional applica-
tion at anthesis (Table 2). With the increase of 30 kg
N/hain the multisplitN fertilization treatment, yields
increased by 0.5 t/ha for IR72 and 0.9 t/ha for
IR58109-113-3-3-2. The increases are equivalent to
amarginal agronomic efficiency of 17 (IR72) and 30
(IR58109-113-3-3-2) kg rice per kg of N applied
above the recommended dose. The increases were
closely associated with greater flag Ieaf N concentra-
tion during grain filling and with longer duration of
grain filling (Table 2). Regression of grain yield on
flag leaf' N concentration 7 d after anthesis indicated
that yield was closely associated with the N status of
the flag leal (* = 0.94 for IR72, r* = 0.88 for
IR58109-113-3-3-2, n = 12).

Because the flag leaf is a primary source of
assimilates for grain filling and net C assimilation in
the flag leaf is Jargely determined by N content, the
results suggest that the additional N applied at anthe-

Table 2, Effect of timing and quantity of applied N on flag lea? N content 7 d after anthesis
and yield of short-duration IR72 and medium-duration IR58109-113-3-3-2. IRRI, 1991 wet

season (WS).

Duration FiagleafN  Grain
N {kg /ha) input and timing of grain  concentra- yield
Variety filling tion(%)7d  (t/ha)
Basal Mid-tiller PI* Anthesis Total (d) after anthesis
0 0 0 0 0 [R72 25 205 ¢ 38 ¢
50 0 30 0 80° IR72 28 234 b 48 b
30 20 30 30 110 IR72 28 2.63a b3a
0 0 0 0 0 IR58109-113-3-3-2 23 199 ¢ 41 ¢
50 0 30 0 80 IR58109-113-3-3-2 26 219 b 52 b
30 20 30 30 110 IR58109-113-3-3-2 29 263 a 6.1a

*Panicle initiation. *Presently recommended N timing and quantity.
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sis was the dominant factor contributing to the yield
of the multisplit N treatment. Likewise, the higher
response of the fong-duration IRS8109-113-3-3-2to
the additional N applied at anthesis may reflect the
greater N demand of long-duration genotypes, which
accumulate more dry matter during the longer vege-
tative growth phase. Greater vegetative biomass
requires greater total N uptake to maintain leaf
photosynthesis, and late-maturing genotypes depend
on indigenous «oil N for a longer period than do
carly-maturing varicties.

To test our hypotheses. we are evaluating sea-
sonal dry matter and N accumulation patterns. Work
plans for 1992 include more field experiments at
IRRIand at PhilRice in Central Luzon as afollow-up
to this initial study. The work will also contribute to
an understanding of the fundamental processes that
govern the growth and yield potential of irrigated
rice. The knowledge can be used to improve existing
simulation models and facilitate their use inidentify-
ing plant characteristics that are most important for
increasing the yield potential of modern rice geno-
types. The work can lead to improved N manage-
ment strategies based on a dynamic concept of the
N suppiy environment. which is quantified by the
N supply from indigenous soil resources and applied
fertilizer, and by plant N demand determined by the
rate of dry matter accumulation, dry matter partition-
ing, and grain yield.

GRAIN QUALITY

Aromatic rices are prized in most rice-growing
countries. They command higher prices in domestic
as well as international markets. Aromatic rices are

characterized by intermedizte amylose content (AC)
and gelatinization temperature (GT) and soft gel
consistency. During cooking, the grains of Basman
rices of India, Pakistan, and Afghanistan and of Sudri
rices of iran elongate to twice theiruncooked length.
Very few improved aromatic varieties have been
developed and fanners continue to grow tall tradi-
tional aromatic rices to mect the demand. The higher
price these varieties command compensates for their
iow productivity.

During the last several years we have attempted to
improve the yield potential of Basmati rice while
retaining its cooking characteristics. Progress has
been slow because intervarietal hybrids are fre-
quently sterile and a full spectrum of recombinants is
notavailable in such crosses. However, we now have
breeding lines that approach Basmati varieties in
arain quality and have short stature (Table 3). These
lines are being evaluated for yield potential.

DISEASE RESISTANCE

IRRThas always placed high priority on the incorpo-
ration in the elite germplasm of durable resistance to
major discases, especially blast (Bl), bacterial blight
(BB) and rice tungro discase (RTD),

Evaluation of partial resistance to rice blast.
Enhanced durability of host resistance to Bl is appar-
ently associated with the combination of broadly
effective qualitative resistance that is controlled by
onc or more major genes, and a high level of partial
resistance. The efficiency and stability of partial
resistance, however, should be assessed under a
wide range of environments and with diverse popu-
lations of Pyricularia grisea. The presence of a

Table 3. Improved breeding lines with aroma and grain elongation,

Growth Amylose Gelatinization Grain

Breeding line duration content temperature® elongation
(d) (%) ratio
IR61972-111-2-1 115 23 L 1.80
IR62100-136-3 110 23 ] 1.85
IR62871-13-3-2 120 22 L 1.90
IR62671-175-1-1 120 23 | 2.00
IR62871-275-2-6 125 23 L 1.95
IR62871-354-2-5 122 22 L 2.00
1R62873-214-3-3 115 22 L 1.90
IR62873-227-1-2 120 22 L 1.85
IR62873-278-4-3 115 21 L 2.00
|R62873-417-4-10 115 23 | 2,10
{R62898-20-3-2 120 23 L 2,00
Basmati 370 (check) 125 21 L 2.20

‘| = intermediate, L = low.
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highly adaptod aggressive strain or an unusually
high frequency of compatible isolates would affect
the stability and efficiency of partial resistance.

In an upland miniplot, 26 cultivars with low
disease severity index (DSI) and 6 with high DSI in
the International Rice Blast Nursery (IRBN) were
evaluated for Bl resistance relative to the partially
resistant check IR36 and the susceptible check IR50.
The experiment was in arandomized complete block
design with four replications. Each entry was inocu-
lated initially by transplanting naturally infected
plants of the same entry in the Bl nursery. The
percentage of affected leaf area was visually as-
sessed 30 d after seeding.

All but five rice cultivars with low DSI had
damage less than or equal to that of IR36, regardless
of the frequency of incompatible reaction (0-3) by
the Standard evaluation systemfor rice (SES) (Table
4). However, IR56 showed extremely high suscepti-
bility although its DSI in IRBN is similar to that of
IR36. This suggests the presence of one or more
highly aggressive isolates adapted to IR56. All cul-
tivars with high DSI were highly susceptible. Culti-
vars with low DSI in IRBN may be used in prelimi-
nary selection of cultivars with high partial resis-
tance.

Selective increase of an aggressive strain of
P. grisea and ii- ¢ffect on the stability of partial re-
sistance need to be studied further.

We evaluated 48,491 pedigree nursery rows for
durable resistance to Blin 1991. F, populations were
first planted in the Bl nursery. Only the resistant
seedlings were transplanted in the field. All the elite
lines were evaluated for durable resistance.

Durable resistance to tungro. We have selected
improved-plant-type lines with RTD resistance from
crosses involving resistance donors such as Habiganj
DWS, Utri Merah, ARC11554, and Balimau Putih.
Resistance to other discases and insects is being
incorporated into these lines.

Inheritar e of resistance to tungro. We studied
the inlicritance of resistance to RTD in Utri Merah
(acc. no. 16680), ARC11554 (acc. no. 21473), and
ARC12596 (acc. no. 22176). Thirty seedlings (10 d
old) ineach F3 or BC,F2 population were inoculated
for 4 h with 10 viruliferous green leafhopper (GLH)
adults/seedling. Leaves were individually sampled
2 wk after inoculation 10 test by enzyme-linked im-
munosorbent assay (ELISA) for infection with rice
tungro bacilliform virus (RTBV) and rice tungro
spherical virus (RTSV).

Table 4, Varieties with blast infection compared with that of IR26 in an upland miniplot.* IRRI, 1991.

Lower infection

Similar infection Higher infection

Group® Variety Affected Variety Affected Variety Affected
leaf area leaf area leaf area
(%) (%) (%)
Low DSi (< 5.6) IR64 5.0 IR35410-16-3-2-2-2-2 25.0 INIAP 415 325
and high FI IR32844-17-3-3-1 7.5 |IR42 25.8
(= 60%) Kataktara DA 2 11.0 [IR36 26.3
IR60 14.3 IR9761-191 31.3
IR22103-26-6-2 17.0
BG379-2 17.3
Samgangbyeo 17.5
(Milyang 55)
Low DSl (< 5.6) |R3880-29 11.0 IR1529-680-3 22.3 1R13539-100-2-2-2-3 34,5
and low FI KMP 34 143 BW295-4 23.8 IR25890-85-5-3 206.8
(< 60%) IR19819-31-2-3 15.3 IR66 26.3 IR56 60.0
B301613-TB-260-3-2-1-1-3 17.5 HPU5010-PLP21-2-1B 29.3 1R19743-46-2-3-3-2 33.8
Chianung Si-Pi-661020 18.7  IR27325-63-2-2 30.8
High DS! (> 5.6) IR24 38.3
and low Fi HPU 741 38.8
(< 60%) AD9246 425
IR30 713
IR19793-25-2 825
IR50 86.3

*Means of 4 replicstions. Cultivars in other groups are significantly different from IR36 (P = 0.05). *DS| = disease severity index, FI

= frequency of incompatible reaction.
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Utri Merah (acc. no. 16680). While Utri Merah
may not have resistance to RTBV infection, the
infected plants always show low absorbance value
with RTBYV, suggesting that Utri Merah may be
resistant to RTBV multiplication. In the F, of Utri
Merah/TNI1, the segregation: mode of mean absor-
bance values fit well the 1:8:7 ratio for resistant,
segregating, and susceptible olants (¥* = 0.320,
0.80<P<0.90}, indicating that resistance to RTBV
multiplication in Utri Merah is controlled by two
recessive complementary genes. On the other hand,
the values for RTSV infection in the same F, did not
fit 1:3 or 7:9 ratios, but did fit the 6:10 ratio (y° =
0.113, 0.70<P<0.80), suggesting that at least two
genes govern the resistance to RTSV infection in
Utri Merah. The F, plants were susceptibie to RTSV
infection and therefore the resistance in Utri Merah
must be controlled by one or more recessive genes.
Similarly, the segregation mode of mean absorbance
values to RTSV in the F, also fit the 6:10 ratio (y* =
0.050, 0.80<P<0.90), suggesting two-gene segrega-
tion. The correlated diagram of the mean absorbance
values and infection rates to RTSV showed that the
F, lines with Jower infection rates were not necessar-
ily low in absorbance value, and vice versa. It sug-
gests that the genes for resistance to RTSV infection
are not necessarily identical to the genes comrolling
resistance to RTSV multiplication.

ARC!1554. In the F; of ARCI11554/TNI1, the
segregation of resistant, segregating, and susceptible
lines for RTBV infection fit the 1:8:7 ratio (y* =
0.397, 0.80<P<0.90), indicating that the resistance
to RTBYV infection in ARC11554 is controlled by
two recessive complementary genes (Fig. 1). The
BC,F, progenies from the cross ARC11554/2*TNI
segregated in a ratio of 1 resistant:3 susceptible,
suggesting two recessive complementary genes.
These results agree with those of F, analysis, show-
ing that two recessive genes convey resistance to
RTBYV infection in ARC11554. The histogram of
RTSV infection rates of F, lines from ARC11554/
TN1 showed that the segregation of resistant, segre-
gating, and susccptible lines fit the 12:3:1 ratio (y*=
3.915, 0.10<P<0.20). This indicates two dominant
genes with action different from that of genes which
confer resistance.

The BC/F, lines of ARC11554/2*TN1 were clas-
sified roughly into four groups of RTSV infection
ratcs; their segregation fit the 1:1:1:1 ratio, which is
the segregation ratio of two genes with additive

Frequency
20
ARC11554 TN1
ol ,
40+

ARC11554/TN1 (F3)
n=172

100 -

ARC11554/2'TN1 (BC, )

80+ n=19

0 20 40 60 80 100
RTBV infection rates (%)

1. Histogram of RTBYV infection rates in ARC11554/TN |
F, lines and in ARC11554/2*TN1 BC/F, lines.

effect in BC,F,. Therefore, resistance to RTSV in-
fection in ARC1 1554 is controlled by two dominant
genes that have an additive effect. The lines resistant
to RTBV infection always showed resistance to
RTSYV infection, but the converse was not always
true. This suggests that the resistance to RTBV
infection in ARC11554 is epistatic to the resistance
to RTSV infection.

ARC12596. ARC12596 is resistant to RTSV in-
fection but susceptible to RTBV infection. In the F,
of ARCI2596/TN1, the segregation of resistant,
segregating, and susceptible lines for RTBV infec-
tion fit well the ratio of 1:3:12 (¥* = 0.343), suggest-
ing that ARC12596 may have a resistance gene and
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an inhibitory gene. The resistant F, lines might come
from recombinants with the resistance gene but
without the inhibitory gene. The segregation for
RT3V infection of resistant, segregating, and sus-
ceptible lines fit the ratio of 1:2:1 (y* = 5.074),
indicating that resistance to RTSV infection in
ARC12596 is controlled by a single gene.
Development of isogenic lines for tungro resis-
tance. {sogenic lines are useful for identifying races
or strains of virus, for studying the mechanism for
resistance, and for tagging resistance genes with
restriction fragment length polymorphism (RFLP)
markers. Genes for resistance from different donors

are being transferred to the genetic background of

TN and IR22, both of which are highly susceptible
to RTD. Our most advanced generation is BCF,.
The homogeneity of these lines for RTD resistance
will be tested in the BC,F, and BCF,.

Mutaticn breeding for tungro resistance. To
induce mutations for RTD resistance, susceptible
varieties IR22 and IR64 were treated with the chemi-
cal mutagen N-methyl-N-nitrosourea (MNU). IR22
was also treated with sodium azide. The M, and later
generations of all lines have been screened for RTD
resistance in the field.

In 1990, 2,640 M, lines from IR22 treated with
MNU were transplanted in the field and 124 M, lines
were selected. Of 124 M, families, 107 were tested
in the same field and 6 lires from one family were
selected as highly tolerant of tungro.

Selected M, lines and an additional 17 families
(M,) werc planted in the field in February 1991,
Although the M, lines did not show good resistance
to RTD, | of 17 M, families did. To confirm the
resistance, the progeny lines of the resistant M,
family were planted in the ficld in July 1991. These
M, lines showed good resistance to RTD in the ficld.

The leaves of resistant plants were tested with
ELISA to check for infection. Most samples were
not infected with RTBV and were resistant toRTSV
infection (Table 5). To check whether the RTD
resistance in each M, line depends on vector resis-
tance, we performed the antibiosis test for GLH. The
lines’ reactions to GLH varied from low to high
levels of antibiosis. After comparing the results of
ELISA ond antibiosis tests, we selected plants that
were resistant to RTD but susceptible to GLH. Using
the M, seeds, we retested the selected M, lines by
artificially inoculating them in the laboratory (Table
5). Tke laboratory results did not coincide with those

Table 5. Reaction of mutant lines to RTD” in the field and in the laboratory. IRRI, 1991.

Field, 1991 WS

Inoculation in laboratory

Line and Pedigree
variety®? Plants B+S B S Plants B+S B S
tested tested
{no.) {no.)
M4 453 124-1-2 24 5 0 19 28 4 78 0
M4 455 124-1-4 18 0 0 1 27 4 85 0
M4 456 124-1-5 19 0 0 26 25 0 80 0
M4 457 124-1-7 20 0 0 10 12 0 92 0
M4 458 124-1-8 23 0 0 17 12 8 75 8
M4 460 124-1-10 22 0 0 23 16 6 94 0
M4 461 124-1-11 24 0 0 25 13 8 85 0
MK2 3 1-6 24 4 17 4 26 27 73 0
MK2 4 1-10 24 0 13 8 23 4 83 0
MK2 6 2-5 22 0 27 5 17 0 82 0
MK27 2-10 24 0 17 0 29 14 76 0
MK2 8 2-11 24 4 8 33 29 10 83 0
IR22 Originat 24 88 4 4 30 43 53 0
TN1 Susceptible 20 95 0 5 30 85 15 0
check
ARC11554 Resistant 20 5 10 0 30 0 15 0
check

*B=RTBV, S=RTSV.*M4 463-461 = M, genaration from IR22 treated with MNU, MK2 3-8 = M, generation

from [R22 treated with NaN..
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from field-grown plants—ail M, lines with noRTBV
infection in the field showed susceptibility in the
laboratory. We are now studying the reasons for the
discrepancy. If the resistance in these mutant lines is
expressed only after transplanting, these lines may
have adult plant resistance and may not be resistant
at the seedling stage.

The M, lines from IR22 treated with sodium azide
were also tested for RTD resistance in the field at
IRRIand six plants from two M, lines were selected.
The six progeny lines and one bulk tine were retested
in the field. The M, lines showed segregation for
RTD resistance and for morphological traits. They
also ditfered in reaction to RTBV in the field and in
the laboratory (Table 5).

More than 5,000 M, lines from IR64 treated with
N-methyl-N-nitrosourca were planted at the Phil-
Rice experiment station in Midsayas, Mindanao. In
Mindanao, IR64 has been highly susceptible to RTD
since 1988, Eighty-four M, plants were selected
visually and samples of three leaves from each
selected plant were tested by ELISA. All leaves were
found to be infected with both RTBV and RTSV.
Thus, the mutants may be highly tolerant of RTD.
The plants with relatively low ELISA data will be
used for progeny testing to confirm the resistance to
RTD virus multiplication.

INSECT RESISTANCE

We continued to evaluate early generation as well as
elite lines for resistance to three biotypes of brown
planthopper (BPH) and to GLH. Elite lines were also
evaluated for resistance to the yellow stem borer
(YSB). Data in Table 6 show that most of our
breeding materials are resistant to BPH and GLH and
some have resistance to YSB.

COLD TOLERANCE
During the 1991 DS in Banaue, Ifugao (950 m above
sea level), we tested the yielding ability of advanced

breeding lines with high cold tolerance at seedling
stage and moderate tolerance at reproductive stage.
We conducted two RYTs with 40 lines and the local
variety Pinidua as the check. The daily average
temperature during the first 4 mo of the crop was
belov 20 °C. Soil at the test 'ocation is deficient in N,
P,and Znbutonly N (25 kg/ha) was added (4 wk after
transplanting).

All test entries flowered 3 wk earlier than the
check and matured before the onset of WS, thus
indicating their high level of cold tolerance during
seedling and vegetative stages. Because Pinidua
lodged into standing water due to heavy rains during
ripening, we could not estimate its yield. Therefore,
vields were compared with test entry IR8866-30-3-
1-4-2 (IR8866), a cold-tolerant, high-yielding line
developed at IRRI several years ago. Yields of 30
test lines were not significantly different (at the 5%
level) from that of IRB866. Considering plant height,
grain quality, and reaction to Bl, 16 of the 30 lines
were selected for distribution to some national pro-
grams and nomination te the International Rice Cold
Tolerance Nursery (IRCTN) of INGER. Table 7 lists
some agronomic characteristics of the lines.

ELNE BREEDING LINES
During DS and WS, 690 elite breeding lines were
evaluated in RYTs at IRRI. They were also evalu-
ated for grain quality, disease and insect resistance,
and tolerance for abiotic stresses. Thirty-two prom-
ising lines were evaluated in RYTs at 10 Philippine
locations as part of multilocation :rials conducted by
the Philippine Seed Board. Some of the most prom-
ising lines are characterized. All are resistant to Bl,
BB, GLH, and three biotypes of BPH and have field
tolerance for RTD.
® IR50404-57-2-2-3 is une of the earliest maturing
lines—its growth duration is 105 d. It has shown
superior performance in the Philippine Seed Board
trials and in the INGER nurseries. This line has

Table 6. Breeding materials evaluated for resistance to BPH, GLH, and YSB. IRRI, 1991.

Pedigree lines

Advanced lines

Insect
Tested Resistant Tested Selected
(no.) (%) {no.} (%)

Brown planthopper

Biotype 1 6,472 42,2 1,855 94.3

Biotype 2 19,735 85.7 1,849 78.4

Biotype 3 21,545 83.6 1,847 76.6
Green leafhopper 59,450 53.8 1,859 51.9
Yellow stem borer - - 1,135 31.4
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Table 7. Some agronomic traits of cold-tolerant lines selected from replicated yield trials.
Banaue, Philippines, 1991 dry season (DS).

Designation Cutm Days to Panicl.es M
ht {cm) flowering {no./hill) Trial | Trial Il
IR52410-B-B-B-6-1-1-2 71 126 22 5.3
IR52418-B-B-B-6-2-1 3 69 131 16 4.6
IR64465-B-B-3-2-7-2 76 128 1 5.3
IR55259-B-B-3-3-2-2 76 132 16 4.9
IP55274-B-7-3-3 71 131 19 5.9
IR57080-B-B-12-2-1 102 125 11 5.5
IR57094-8-B-6-2-3-2 66 129 15 4,2
IR67096-B-B-7-2-1-2 77 127 12 4.1
IR57098-B-B-10-2-3-1 63 124 15 4.6
IR57107-B-B-20-1-2-2 89 132 8
|R58614-B-B-5-3 78 130 8 5.9
IR58614-B-B-6-2 81 129 14 6.1
IR58614-B-B-8-2 84 129 18 6.1
IR58614-B-B-20-1 86 129 15 6.1
|IR59480-B-B-8-1 72 126 16 4.8
IR59486-B-B-11-3 68 128 18 4.9
IR8866-30-3-1-4-2 72 131 17 4.8 4.3
Pinidua® (local check) 140 153 7 - -

*Lodged prior to harvest time.

long slender, and translucent grains with high AC
and low GT.

B [IR56450-4-2-2 is a high-yielding line that ma-
tures in 110 d. It has long slender grains with
intermediate AC and GT.

B [R54883-152-3-3 is an elite line that matures in
105 d. 1t has long slender and translucent grains
with intermediate AC and GT.

B IR56381-139-2-2 is an elite line that matures in
110 d. It has excellent long slender grains with
intermediate AC and GT.

M 1R57301-195-3-3, anelite line, matures in 115 d.
It has long slender and translucent grains with
intermediate AC and GT.

B IR51672-62-2-1-1-2-3, an elite line, matures in
125 d and has very slow leaf senescence. It has
well-exserted panicles with long slender and trans-
lucent grains. 1t has intermediate AC and GT.

B IR51678-93-2-2-2-1 is an ¢lite line with medium
growth duration (130 d). It has Jarge panicles and
long, slender, translucent grains with intermedi-
ate AC and GT.

IRRI LINES NAMED VARIETIES

In 1991, 14 IRRI breeding lines from the irrigated
breeding program were given varietal names in seven
countries (Table 8), bringing to 225 the number of
IRRI lines named as varieties worldwide.
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Table 8. Irrigated rice breeding lines released as varie-
ties in 1991.

Country
Breeding line Name given where

released
IR32809-26-3-3 PSBRc 2 Philippines
IR41985-111-3-2-3 PSBRc 4 Philippines
IR19274-26-2-3-1-2 Xiangwanxian China {Hunan)
IR19661-131-1-3-1-3 Barumun Indonesia
IR32453-20-3-2-2 IR74 Indonesia
iR29723-3-2-1 MTL 83 Vietnam
IR39323-110-5-2-2 MTL 85 Vietnam
IR32307-107-3-2-2  IR66 Vietnam
IR28224-3-2-3-2 IR68 Vietnam
IR35366-90-3 2 IR72 Vietnam
IR19728-9-3-2-3-3 MTL 61 Vietnam
IR13240-108-2-3 Theedatyin Myanmar
IR9224-117-2-3-3 Shwe Thwe Yin Myanmar
IR841-85-1-1-3 IR841 Brunei
B 1R32809-26-3-3 was released as PSBRc 2 by

the Philippine Seed Board. This line matures in
130 d. It has sturdy stems with excellent lodging
resistance and high yield potential. It has long
slender, translucent grains with high AC and
intermediate GT. It is resistant to Bl, BB, GLH,
andhree biotypes of BPH and has field tolerance
for RTD.

Prior to 1990, IRRI breeding lines named by
the Philippine Seed Board were released with the
IR designation. IR74 was the last IR line so



designated. Under the new system adopted by the
Board, rice varieties are designated as PSBKRc
followed by a number.

IR41985-111-3-2-3 was named PSBR¢ 4 by the
Philippine Seed Board. This high-yielding line
matures in 105 d. It has long slender, transiucent
grains with intermediate AC and GT. It is resis-
tant to Bl, BB, GLH, and three biotypes of BPH
and has field tolerance for RTD.
IR19274-26-2-3-1-2 was named Xiangwanxian
in Hunan, China. It matures in 100 d at IRRI but
120 d in Hunan. It has long slender, translucent
grains and high yield potential.
IR19661-131-1-3-1-3 was released as Barumun
in Indonesia. It matures in 130 d. This line has
excellent long slender, translucent grains with
high AC and low GT. It is resistant to Bl, GLH,
and three biotypes of BPH.

IR32453-20-2-2-2 was released as 1R74 in Indo-
nesia. It was earliernamed IR74 in the Philippines
whereitis now widely grown. This line is particu-
larly suitable for gogorancah (dry seeded) rice
culture.

IR29723-3-2-1 was released as MTL 83 in Viet-
nam. This line has long, well-exserted panicles,
and long slender, translucent grains with high
milling recovery. It is resistant to Bl, GLH, and
threc biotypes of BPH. It attains a height of about
120 cm and has beer recommended for rain-
fed lowland areas where water depth may reacl:
50 cm.

IR39323-110-5-2-2 was named MTL 85 in Viet-
nam. This medium-duration selection has excel-
lent yield potential and long slender, translucent
grains. It is resistant to Bl, BB, GLH, aud three
biotypes of BPH.

IR32307-107-3-2-2 was released as [R66 in Viet-
nam. This early-maturing selection with long
slender, translucent grains was earlier named
IR66 in the Philippines.

IR28274-3-2-3-2 was named IR68 in Vietnam. It
had been released under the same name in the
Philippines in 1988. It has long slender, transiu-
cent grains and is recommended for rainfed low-
land areas.

IR35366-90-3-2, named IR72 in Vietnam, had
been released under the same name in the Philip-
pines, Indonesia, and Cambodia. It "as very high
yield potential, a growth duration of 115 d, and
multiple resistance to diseases and insects,

B 1R19728-9-3-2-3-3 was released as MTL 61 in
Vietnam. This very early-maturing selection has
excellent long slender and translucent grains.

M IR13240-108-2-3, named Theedatyin in Myan-
mar, is early maturing and has excellent yield po-
tential. It was eadier released as MTL 58 in
Vietnam, where it is the most widely grown
variety in the Mekong Delta.

B IR19224-117-2-3-3, released as Shwe Thwe Yin
in Myanmar, had been released as IR50 in the
Philippines, Indonesia, and India. This early-ma-
turing selection has excellent long slender grain
and is recommended for rice double cropping in
Myanmar.

B IR841-85-1-1-3 wasreleased as IR841 in Brunei.
It has aromatic grains and a high yield potential.
It has been named Jasmine 85 in the USA.

Hybrid rice

The hybrid rice project aims to increase rice yield
potential in the tropics and subtropics through ex-
ploitation of hybrid vigor. During 1991, 1) several
IRRI-bred rice hybrids were tested in some national
agricultural rescarch systems (NARS), 2) the search
for new cytoplasmic male sterile (CMS) and restorer
lines for developing new hybrids was continued,
3) some additional guidelines for hybrid rice seed
production technology for the tropics were devel-
oped, 4) the Manual for kybrid rice seed production
was prepared for publication at IRRI, and 5) training
courses were hcld at IRRI and in NARS to transfer
hybrid seed production technology.

PerFORMANCE OF IRRI RICE HYBRIDS

Two IRRI-bred rice hybrids—IR64616 H and
IR64685 H—were evaluated during national coordi-
nated trials in the Philippines. IR64685 H was a new
hybrid, while IR64616 H was evaluated for the
second consecutive season. With results from the
1990 WS and 1991 DS trials, the regression of yields
of hybrid IR64616 H and check rice cultivars was
calculated over an environment index, represented
by the mean yield of all cultivars at each location.
The check cultivar was IR57301-195-3-3 inthe 1990
DS and IR72 in the 1991 DS. For drawing the
regressinn line, the two checks were considered as
one. The hybrid tended to yield inore than the check
cultivars in both low-yielding and high-yiclding
environments (Fig. 2); however, the hybrid’s devia-
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2. Regression of yield of hybrid and inbred check on location
mean vield in National Coordinated Trials (NCT) of irrigated rice
cultivars in the Philippines (source: PhilRice, NCT. Rice Varietal
Group, 1990 wet season |[WS], 1991 dry seasorr [DS]).

tion from the regression slope appeared to be higher
than that of the checks, indicating its instability. The
instability may be attributed to the agronomic man-
agement bias in trials th:t are usually designed to
evaluate inbred rice cultivars, In this context, it is
important to compare the agronomic management of
rice hybrids and of inbred rices.

Results from Tndia and Malaysia also indicated
yield superiority of IRRI-bred rice hybrids IR64616
H and IR64615 H over local checks at certain loca-
tions and fertility levels (Table 9).

Several other experimental rice hybrids also
yielded significantly more than check varieties in
preliminary yield trials at IRRI during 1991 (Table
10).

IDENTIFYING MAINTAINERS AND RESTORERS
AMONG ELITE LINES

To identify maintainers and restorers, we testcrossed
about 900 elite rice cultivars originating from IRRI
and several from NARS with CMS lines IR62829 A

Table 10. Promising experimental rice hybrids identi-
fied in preliminary yield trials. IRRI, 1991.

Maturity  Yield
Hybrid and check (d) (t/ha)
1991 D&

IR62829 A/IR35366-62-1-2-2-3 K 112 4.7
IR62829 A/IR24631-123-2-3 R 114 4.9
IR58025 A/IR54742-11-1-9-15-2 112 4.7
IR58025 A/IR35366-62-1-2-2-3 R 112 4.7
IR62829 A/IR44675-101-3-3-2-4 R 110 4.5
IR50 {check) 112 4.0
PSB4 (check) 106 4.0
LSD (0.05) 0.5
(0.01) 0.6

IR58025 A/IR54745-2-45-3-2-4 R 122 5.4
IR58025 A/IR39323-182-2-3-3 R 126 4.9
IR68 {check) 126 4.2
LSD (0.05) 0.6
{0.01) 0.8

1991 WS

IR58025 A/IR19058-107-1 R 113 0.4
IR50404-57-2-2-3 (check) 112 5.2
PSB4 {check) m 45
LSD {0.05) 0.6
(0.01) 0.8

IR62829 A/IR47310-94-4-3-1 R 120 5.1
IR70 {check) 129 4.0
IR68 (check) 132 3.1
LSD (0.05) 0.7
(0.01) 1.0

and IR58025 A, which have wild abortive (WA)
cytoplasm, and IR66707 A, which has O. perennis
cytoplasm. Forirrigated and rainfed low?and ecosys-
tems, the frequency of maintainers for WA CMS
lines continued to be low (2-4%) among lines bred at
IRRI and NARS (Bangladesh, Brazil, Coiombia,
India, Indonesia, Malaysia, Philippines, Sri Lanka,
and Thailand). But maintainer frequency was high
(36%) among iines bred at IRRI for upland ecosys-
tems. The higher frequency of maintainers among
upland rice breeding lines may be due to extensive
use of tropical japonica germplasm in developing

Table 9. Yield of promising IRRI-bred rice hybrids and local check varieties. India and

Malaysia, 1991 DS.

Yield (t/ha)

Hybrid and check India Malaysia
Mandya Hyderabad Maruteru With With Mean
90-30-30  180-60-30
kg NPK/ha kg NPK/ha
'R64615 H 7.1 6.2 4.4 5.1 5.5 5.7
iR64616 H 6.4 6.4 5.1 4.1 4.2 5.2
Local check 5.77 5.3* 5.6¢ 4.27 4,1¢ 5.0
LSD (0.05) 0.9 1.0 ns 1.0 0.7

*Jaya. *Rasi. {IR64. “MR84.
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such lines. Among IRRI-bred lines for irrigated and
rainfed lowland ecosystems, maintainer frequency
was so high (92-94%) for CMS line IR66707 A
(O. perennis cytoplasm) that not a single restorer
was identified among 173 lines testcrossed for the
purpose. For WA CMS lines, however, there was no
dearthof restorers; we identified 330restorers among
718 elite lines originating from IRRI and NARS.

To enhance maintainer frequency for WA cyto-
plasm among elite lines bred at IRRI, a ruaintainer
breeding program was initiated in 1989. W= selected
277 promising lines during 1991 to testcress with
CMS lines which have WA cytoplasm. About 70%
of these lines were found to be maintainers, and are
being used for the CMS line conversion program.
The results demonstrate the importance of breeding
maintainers for a hybrid rice breeding program in the
tropics.

INDUCING THERMOSENSITIVE GENIC MALE

STERILE MUTANTS IN INDICA RICE

Thirty-three male sterile mutants were isolated in the
M, of seven rice cultivars: IR46 R, IR64 R, IR72 R,

IR62829 B, IR54752B, 1R32364-20-1-3-2 B, and
BG90-2. Clones of some of these mutants were
subjected to different daylengths (10 and 14 h, using
the screenhouse darkroom facilities of the Agron-
omy, Plant Physiology, and Agroecology Division)
and three tempzrature reginies (32/24 °C, 27/21 °C,
24/18 °C in the phytotron). The spikelet sterility of
some mutants was reduced by 1-14% under certain
daylength and temperature treatments. Hence, these
were suspected as thermosensitive genic male sterile
(TGMS) and/or photosensitive genic male sterile
(PGMS) mutants. Seeds harvested from suspected
TGMS and PGMS M, mutants from IR62829 B,
IR54752 B, and IR32364-20-1-3-2 B were used to
raise M, plants. At tillering stage, each plant was
dividedinto 2-3 parts and tested under two daylengths
ind three ternperature regimes during April-May
1991. Results (Table 11) showed differential re-
sponses to temperature treatments for pollen and
spikelet fertility of M, plants derived from clone 31
of IR32364-20-1-3-2' B Other clones of IR32364,
IR62829 B, and IR54752 B did not conform with
their M, behavior. Clone 31 of IR32364-20-1-3-2 B

Table 11. Behavior of M., male sterile mutant progenies raised from seeds borne on
suspected M, - PGMS and TGMS lines. IRRI graenhouse-phytotron, Mar-May 1991,

Pollen or spikelet” fertility (%)

Genotype M, M, Daylength (h)  Temperature (°C) Remarks®
14 24/18 27/21 32/24
IR62829 B PGMS and TGMS 1-1 263 335 500 765 635 None
(10.4) (29.2) (5.6} (17.5) {54.4)
1-2 43.8 55.1 - 444 544
(3.2) (11.9) (21.3) (15.5)
1-3 65.5 - 1.1 58.0 771
(0)  {(10.8) (19.5)
1-4 478 69.1 66 756 61.5
(27.8) (27.8) (1) (31.6) (77.0)
1-5 729 913 760 43.0 -
(15.0) (28.4; (30.1) (10.5)
IR54752 B PGMS 6-1 490 60.7 496 693 66.0 None
(13.6) - (40.0) (27.2) (57.0)
6-2 31.3 475 29 439 5665
(18.2) (24.7) (15.2! (8.6) (28.3)
IR32364- PGMS 26-1 0 75.4 60.2 835
20-1-3-2B (0) (F7.7} (22.1) (46.7)
26-2 283 303 11.3 528 57 TGMS
(0) (0 (8.9) (0)
PGMS and TGMS 3141 0 23.7 29.7 0 TGMS
(0) (10.7) (2.0) (0)
31-2 1.6 0 262 544 0
(0) (4.3) (5.1) (0)
31-3 28.9 0 375 606 7.2
(0) (2.7) (0) (0}
314 6.0 0 - 38.4 289
(0) {(0.68) (0)

*Figures in parentheses are for spikelet fertifity, *Blank space indicates no dc ta. "None® means that the M,

line was neither PGMS nor TGMS.
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was, therefore, designated as a TGMS mutant. Seeds
produced on M, plants of this mutant are being
multiplied in the phytotren at 27/21 °C for field
evaluation in different countries.

FEMALE:MALE RATIO AND HYBRID SEED YIELD
An experiment involving CMS lines IR58025 A and
IR62829 A, and the restorer IR29723 R as pollinator
was conducted during 1991 DS in asplit-plot design.
Genotypes were in the main plot and varying
female:male ratios (1-12:1, 1-12:2, 1-12:3, and 1-
12:4) were in the subplots, replicated three times.

Seed yield was computed for all the row ratios
(A:R) ranging from 1:1 to 12:4 for both CMS lines.
InIR58025 A, rowratios 5:1to 11:1,8:3to 12:3,and
10:4 to 11:4 gave seed yields of 1.8-2.0 t/ha, which
were significantly higher than those for the other row
ratios. In IR62829 A, row ratios 4:1 to 12:1, 6:2 to
12:2, 7:3 to 12:3, and 7:4 to 12:4 gave significantly
higher yields (1.1-1.3 t/ha) than the other row ratios.
Restorer yield ranged from 0.9 t/hain 12 A:1Rt0 5.9
t/hain 1 A:1 R in the IR58025 A/IR29723 R combi-
nation, and from 1.0 t/hain 12 A:1 Rto 6.6 t/ha in
1 A:1 R in the IR62829 A/IR29723 R comtination.
The highest yield (1.95 t/ha) of CMS line 1258025 A
was obtained with a row ratio of 11:3, followed by
1.93 t/ha with row ratio 10:3 (Fig. 3). As the yield of
the restorer line was higher by 0.17 t/ha in the 10:3
ratio thap the 11:3 ratio, we conclude that the 10:3
ratio is the most economical for hybrid seed produc-
tion involving IR58025 A. Similar results were ob-
tained with "R62829 A.

Interestingly, the 1:1 row ratio gave ahybrid seed
yield of 0.6-0.8 t/ha with a restorer yield of 5.9-
6.5 t/ha. These results need further confirmation.

Seed yield (t/ha)
25

201
1.5¢
® CMS, 1R
1.0F| © trowofR
m CMS,3R
05k ¥ 2powsolR LSD 0.05 (CMS) = 0.154
vV 4rowsof R LSD 0.05 (restorer) = 0.260
0 1. i 1 i 1 . 1 1 1
5 6 7 8 9 10 11 12

Female rows (no.)

3. Effectof row ratio or seed yield of CMS IR58025 A and restorer
IR29723 R.
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EFFECT OF PLANT DENSITY ON OUTCROSSING
RATE AND HYBRID SEED YIELD

"To evaluate the effect of plant density on cutcrossing
rate and hybrid seed yield, CMS lines IR58025 A and
IR62829 A and the restorer IR29723-143-3-2-1R as
pollinator were transplanted in a 6:2 row ratio using
varying row and plant spacings (10, 15, and 20 cm)
in CMS lines. The split-plot design (with CMS lines
in the main plots and row and plant spacings in the
subplcts) was used with four replications. We ob-
served seed set percentage and seed yield.

Plant density did not affect the outcrossing rate
(34.0-37.3%) in CMS lines. The seed yield increased
significantly with increased plant density up to 44.4
hills/m? (i.e., 15- x 15-cm row and plant spacings)
and thereatter declined (Fig. 4). Seed yields weie 1.9
t/ha for IR58025 A and 1.2 t/ha for IR62829 A at
15-cm row and 15-cm plant spacings. Seed yields in
other plant and row spacings ranged from 1.60 t/ha
to 1.9 t/ha from IR58025 A and 0.9 t/ha to 1.1 t/ha
from IR62829 A. The yield of the restorer was
significantly higher" (2.4 t/ha) from the
IR62829A/IR29723 R combination at a plant den-
sity of 44 hills/m?. At other plant densities, the
restorer yielded 1.9-2.3 t/ha (except at 100 hills/m?,
which gave 2.4 t/ha). Based on the findings, we
recommend a spacing of 15 x 15 cm (44.4 hills/m?)
to obtain high seed yields from the CMS lines.

Seed yield (t/ha)
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4, Effect of row and plunt spacings of CMS plants on hybrid seed
yield. IRRI, 1991 DS.



ECONOMIZING GIBBERELLIC ACID DOSAGE IN
HYBRID RICE SEED PRODUCTION
Sixty to ninety ppm gibberellic acid (GA,), applied
with knapsack sprayers at the rate of 500 liters of
water and 45 g GA /ha, was found useful for hybrid
rice seed production in the tropics. To reduce the
dosage of GA,, we compared the efficacies of an
ultralow-volume (ULV) sprayer (Model Micro
ULVA) and a knapsack sprayer in a trial involving
CMS lines IR58025 A and IR62829 A and the
restorer IR9761-19-1 R during the 1990 WS. Apply-
ing 45 g GA, with a knapsack sprayeror 10-20 g GA,
withan ULV sprayer gave similar plant heights (89.5
and 91.1 cm), panicle exsertion percentages (72.5
and 73.0), numbers of seeds per panicle (15.9 and
16.8), and seed yield (680.7 and 679.6 kg/ha). These
results indicate that the dose of GA , may be reduced
by using an ULV instead of the knapsack sprayer.
In a follow-up experiment during 1991 WS, the
efficacy of the ULV sprayer (using 15g GA, with 20
liters water) was compared with that of the knapsack
sprayer (using 45 g GA, in 500 liters water) in seed
production plots with CMS lines, IR58025 A and
IR62829 A, and IR29723-143-3-2-1 R as pollinator.
GA, was applied in two sprays: the first (10 g GA,
with the ULV sprayer and 30 g GA, with a knapsack
sprayer) at 20% panicle emergence, and the second
(58 GA, with an ULV sprayerand 15 g GA, with a
knapsack sprayer) a day after; the control was un-
sprayed. Plant height, seed set percentage, and seed
yield in plots sprayed with the ULV (15 g GA /ha)
and knapsack (45 g GA /ha) sprayers were nearly
identical (Table 12) and both treatments were sig-
nificantly better than the control. The results indicate
that GA, dosage can be reduced from 45 g/ha to
15 g/ha by using the ULV instead of the knapsack
sprayer.

Table 12, Comparative plant height, seed set, and yield
of CMS lines sprayed with 45 g GA, with knapsack and
15 g GA, with ULV sprayers. IRRI, 1991 WS.

Plant Seed Seed
Treatment height set yield
{cm) (%) {t/ha)
45 g GA /ha 92 b 34 a 1.01a
(sprayed with knapsack)
15 GA /ha (sprayed with 94 a 35 a 1.06 a

Micro ULVA)
Control 82 ¢27 b 086 b
CV (%) 1F 80 1.3

ECONOMIZING SEED RATE

During the 1991 DS, 5 seeding rates varying from
100 to 10 g/m? of seedbed area werz tried in inbreds
IR50 and IR72, and in hybrids IR64616 H and
IR65485 H. Seedlings from seeding rates of 100, 50,
and 25 g/m? of seedbed were kept in the sc>dbed for
21 d and seedlings from 25 and 10 g/m? rates were
kept in the seedbed for 31 d. All seedbed and field
plantings were in a split-plot design with genotypes
in the main plots and seeding rate in the subplots
replicated thrice.

The tillers in the seedbed increased significantly
from 1.4 to 4.7 as the seeding rate decreased from
100 to 10 g/m?* and seedling age at transplanting
increased from 21 to 31 d irrespective of genotype.

Seeding rates of 100 g/m? (equivalent to 40 kg/
ha) and 50 g/m? (equivalent to 20 kg/ha) produced
sufficient seedlings to cover 248 and 137% of the
25-m’ requisite area with 2 seedlings/hill at 20- x
20-cmrow and plant spacings (Fig. 5). Thus, the seed
rate can be reduced to 20 kg/ha by transplanting 2
seedlings/hill at 20 x 20 cm or 20 X 15 cm. Sparse
seeding at 25 g/m? produced almost 100% more
tillers than the 100 g/m? seeding. Thus, transplanting
a single seedling with 2-3 tillers instead of 2 seed-
lings/hill covered 142% of the requisite area and will
further helpreduce the seed rate to 10 kg/ha. Increas-
ing the seedling age (to 31 d) and reducing the
seeding rate (10 to 25 g/m?) resulted in 3.3-4.9 tillers/
seedling. Transplanting 2 tillers/hill from 31-d-old
seedlings resulted in 151.3 und 273% field coverage
of the requisite 25 m? (Fig. 5). This indicates that

Coverage (%) of the requisite 25-m? area
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5. Area cove=rage by seedlings from different seeding densities
100, 50, 25, 10 g/m? in seedbed) and treatments involving tiller-
splitting. IRRI, 1991 DS.
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31-d-old seedlings from a seeding density of 10 g/m?
(4 kg/ha) would be more than enough to transplant
1 ha with 2 tillers/hill at 20- x 20-cm spacing.
Seeding rates and transplanting 2 seedlings, 1 seed-
ling, and even 2 tillers/hill of 31-d-old seedlings did
not affect the grain yield (Table 13) of inbred or
hybrid rice plants. The mean yield was 0.7-1.0 t/ha
higher in hybrids than in the best inbred check. These
results indicate the possibility of reducing seed rate
for hybrid rice to 20 kg/ha provided seeding is done
in a seedbed area recommended for seeding 40 kg
seed. The seed rate can be reduced to as low as
4 kg/ha by raising vigorous seedlings with 4-5 tillers
and transplanting 2 tillers/hill by splitting the 31-d-
old seedlings. However, labor cost for splitting the
seedlings would be a limiting factor.

MANUAL FOR HYBRID RICE SEED PRODUCTION
With experience gained in hybrid rice seed produc-
tion during the past 10 yr at IRRI, we drafted the
Manual for hybrid rice seed production for co-
publication in different languages. The manual, now
being processed for publication, provides guidelines
for hybrid rice seed production in the tropics.

TRAINING COURSES IN HYBRID RICE SEED
PRODUCTION

We organized two training courses at IRRI during
1991 to transfer technology of hybrid rice seed pro-
duction. Twenty-fivetrainees from 10 countries par-
ticipated in the courses. We also provided resource
people and technical support for a training course on
hybrid rice seed production held in India during

October 1991 and another in the Philippines during
November 1991,

INTERNATIONAL TASK FORCE ON HYBRID RICE
We submitted to the Government of Italy a project
proposal to establish an International Task Force on
Hybrid Rice involving IRRI and several NARS
actively involved in hybrid rice research and devel-
opment. The proposed task force would expedite the
development and use of hybrid rice technology in
countries outside China.

NEXT STEPS

We will strengthen our efforts to develop new CMS
lines with diverse cytoplasmic and/or nuclear ge-
netic backgrounds. A search for maintainers and
restorers will be initiated among elite lines with new
plant type and a tropical japonica background and
which were developed in the Integrated Germplasm
Improvement Project in the irrigated rice ecosystem,
We will continue to test heterotic rice hybrids in
national programs. Work on thermosensitive genic
male sterility will be strengthened to study the in-
heritance of and allelic relationship between TGMS
mutants developed in Japan and at IRRI. Also, IRRI-
bred TGMS lines will be evaluated in some NARS to
test the stability of their performance. To increase
outcrossing rates of male sterile lines, we will select
in backcross nurseries for floral traits such as stigma
exsertion, stigma size, anther size, duration of floret
opening, size of lodicules, etc. Also restorer lines
will be evaluated for anther size, residual pollen, and
peak anthesis time in relation to the available CMS

Table 13. Effect of seeding rate and number of seedlings/hill on grain yield of inbred and

hybrid rice plants. IRRI, 1991 DS.

Seeding rate

Seedling age Seedlings (S)

Grain yield (t/ha)

in seedbed at trans- or tillers (T)

{g/m?) planting (d) (no./hill)  IR50* IR72* 1R64616 H* |R65485 H?

100 (= 40 kg seed/ha) 21 2(S) 50 5.2 5.6 6.3

50 (= 20 kg seed/ha) 21 2 (S) 49 50 5.7 5.9

25 (= 20 ky seed/ha) 21 1(S) 46 5.0 6.1 6.2

25 (= 10 kg seed/ha) 31 2(T) 49 49 5.4 5.9

10 (= 4 kg seed/ha) 31 2(T) 5.0 5.0 5.7 5.7
F-test ns ns ns ns
Mean 49 5.0 5.7 6.0

*Inbred. tHybrid. LSD (0.05) for comparison of hybrids and inbreds: 0.3 t/ha, CV = 10.0%.
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lines. The search for apomixis will be continued in
collaboration with the wide hybridization project.
An international symposium on hybrid rice will be
organized at IRRI to 1) review progress made in
hybrid rice since 1986 when the first symposium was
held in China, 2) propose future research needs, and
3) discuss areas and mechanisms for international
collaboration, including the establishment of an inter-
national task force on hybrid rice.

Subprogram IlI: Crop, resource, and
pest management

Efficient use of fertilizer, soil, and
biologically fixed nitrogen

This project is concerned with increasing the effi-
ciency with which irrigated rice uses soil N and
inorganic and organic fertilizer N. It involves both
experimental and simulation work and links with
continuing work in the Rainfed Lowland Rice Pro-
gram and the Cross-Ecosystems Program,

AZOLLA GERMPLASM COLLECTION

In1991, the IRRI azolla germplasm collection carried
518 strains that included 18 mutant strains from Iran
and their parent and one tetraploid (Azolla pinnata)
from Thailand, which were added this year. A total
of 476 strains have been distributed to 21 researchers
from 13 countries. Duplicates of the collection have
also been sent to Iran and China.

SHOOT-TIP CULTURE OF AZOLLA

The IRRI azolla germplasm collection has always
been maintained in pure and healthy condition using
N-free culture solution. Each strain is thinned,
cleaned, and reinoculated to fresh medium every
2 wk; thus a large velume of culture medium is re-
quired. Toconserve manpower, chetnicals, and space,
and to lessen the chance of cross contamination
among the strains, we tried shoot-tip culture of
azolla,

About 20-30 healthy fronds were selected from
each strain and placed in small nylon net bags. They
were then cleaned under continuously flowing tap
water for about 30 min. About 30-50 azolla tips
(3-5 mm long) were excised and placed in sterile
nylon net bags, surface-sterilized for 3 min by soak-
ing ina solution with 2.0% hypochlorite solution and
1.0% Triton X-100, then washed in sterile distilled

water at least six times whilz stirring for 1 min. The
azolla tips were placed on semisolid agar medium
(0.5% bacto agar in 20-ml culture solution) in  50-
mlerlenmeyer flasks. Ammonium nitrate was added
to the medium for the anabaena-free azolla and other
strains requiring combined N.

The azolla tips in the flasks were grown in a
growth cabinct (at 26/18 °C day/night temperature,
75% relative humidity, 12 h photoperiod, and
5-6 klux light intensity) for 3-4 wk. Newly inocu-
lated flasks were examined for algal contamination
and all contaminated flasks were removed. Subse-
quent transfers were done every 12 wk.

The suceess of asentic azoila t.znsters varied
from species to species and among strains. Surface
sterilization for 3 min with hypochlorite solution
was suitable for most strains; it was varied when
oversterilization or algal contamination occurred.

The anabaena-free strains of azolla require com-
bined N to grow, but this also enhances contamina-
tion by green algae. These azolla strains are cleaned
and transferred to fresh culture medium every 3-4 d.
In shoot-tip culture, they are transferred to agar
medium every 8 wk.

Of 518 strains, 173 (33%) were transferred toagar
medium. Because A. filiculoides, A. nilotica, and A.
rubra are sensitive to high temperature and mechani-
cal damage, these species were transferred first.
Transferred later were 79% of A. filiculoides strains,
34% of A. mexicana.51% of A. caroliniana, 75% of
A. rubra, 67% of A. nilotica, and 16% of A. micro-
phylla. Only three strains of A. pinnata were trans-
ferred to an agar medium.

SPORULATION AND HYBRIDIZATION OF AZOLLA

In collaboration with the University of the Philip-
pines at Los Bafios-National Azolla Action Program
(UPLB-NAAP), sporulation of 135 azolla strains
was observed in a cool region of the Philippines (at
the Benguet State University, Benguet Province).
The objective was to induce sporulation for morpho-
logical studies and sexual hybridization work. In
1991, special efforts were made to observe sporula-
tion of putative hybrids obtained at IRRI and UPLB-
NAAP.

Observations were made 14 times from January
to June 1991. A. filiculoides (F1) did not sporulate in
this period. Only 19 strains formed sporocarps (Table
14). A. caroliniana (CA) 3514, hybrids A. micro-
phylla(MI) 4135 and M14136 (M14018 x [MI14018
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Table 14. Sporulation of azolla grown at Benguet State University, Benguet Province,

Philippines, 1991.

Sporulation
Species® Accession no. Remarks
Frequency® Pattern¢

P 5 8 micro > mega

PP 7001 13 micro >> mega

ME 2001 5 mega >> micro

ME 2024 13 micro - mega Hybrid 2001/4018

ME 2027 9 mega >> micro Hybrid 2002//(2001/
4018)

CA 3023 9 micro - mega Hybrid 3522/4061

CA 3024 7 mega - micro Hybrid 3522/4061

CcA 3025 7 micro >> mega Hybrid 3522/4061

CA 3026 8 mega - micro Hybrid 3522/4061

CA 3027 10 mega - micro Hybrid 3522/4061

CA 3514 7 no mega From Université
Catholique du
Louvain

Mi 4009 4 mega >> micro

Mi 4018 4 mega >> micro

Mi 4067 12 mega >> micro

Mi 4068 4 no micro

Mi 4069 3 mega >> micro

Ml 4135 4 no mega Hybrid 4018/(4018/
1001)

Mi 4136 9 almost no mega Hybrid 4018/(4018/
1001)

Mi 4137 4 no mega Hybrid MI/ME

*Pl = Azolla pinnsta var. imbricata, PP = A. pinnata var. pinnata, ME = A, mexicana, CA = A, caroliniana,
Ml = A, microphylla. *Total observations = 14.“micro = microsporocarps, mega = megasporocarps. The
following accessions did notspcrulate during this period. Fl= A. filiculoides (NI = A. nilotics, RU = A. rubra,

XX = unclassified):

FI 1001, 1010, 1016, 1035, 1040, 1041, 1042, 1043, 1053, 1054, 1055, 1056, 1057, 1058, 1059, 1060,
1061, 1062, 1065, 1066, 1067, 1068, 1069, 1070, 1536. 1539, 1640, 1545, 1647 ]

ME 2002, 2007, 2008, 2009, 2012, 2014, 2015, 2021, 2022, 2025, 2026

CA 3001, 3002, 3004, 3005, 3006, 3008, 3011, 3012, 3013, 3014, 3015, 3016, 3017, 3019, 3501,
3502, 3503, 3504, 3505, 3507, 3508, 3609, 3510, 3511, 3512, 3513, 3615, 3516, 3517, 3518, 3519,
3520, 3521, 3522, 3523, 3524, 3525, 3526, 3527, 3528, 3529, 3530, 3531, 3632, 3533, 3534, 3535,

3636, 3537, 3539, 3540

MI 4001, 4003, 4014, 4017, 4021, 4028, 4030, 4052, 4062, 4064, 4070, 4072, 4073, 4074, 4075,

4134, 4138
NI 5501
RU 6502

XX 8001, 8002, 8020, 8028, 8030, 8031

x FI 1001]), and hybrid MI 4137 (MI x ME) pro-
duced only microsporocarps.

Hybrids of CA 3522 (CA 3023 to CA 3027)
produced male and female sporocarps at a high
frequency, as did hybrids A. mexicana (ME) 2024
(ME 2001 x MI 4018) and 2027 (ME 2002 x ME
2024). Hybrids of FI 1001 with MI 4061 (from FI
1065 to FI 1070) did not produce sporocarps. The
production of hybrids among three closely related
species (CA X Ml or ME x MI) implies that they
may be one species, as was suggested by earlier IRRI
work on biochemical and genetic characteristics.
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AZOLLA FINGERPRINTING

Twenty-five accessions were selected for a prelimi-
nary study to represent the diversity of germplasm
within the genus: 13 strains belong to the Rhizosperma
section and 12 strains represent 5 species of the
Azolla section. Accessions are difficult to classify as
azolla strains are difficult to distinguish by morpho-
logical characteristics alone. Molecular markers,
including isozymes, are being used to characterize
different strains, to identify redundancies and dupli-
cations within the collection, and to clarify evolu-
tionary relationships among accessions.



Plants were grown under temperature and humid-
ity control in the phytotron and harvested for DNA
extraction. Twenty-five primers containing 70%
guanine + cytosine were used to generate random
amplified polymorphic DNA (RAPD) profiles for
the 25 accessions selected. An average of seven
bands per genotype was visible for each primer used.
Some primers gave up to 10 bands in some geno-
types. The molecular weight of each band was re-
corded and the data are being analyzed using the
HYPER RFLP program developed at Cornell Uni-
versity for phylogenetic analysis based on molecular
markers.

Results to date have revealed 486 RAPD markers
that were used to build a classification consisting of
three main groups: the A. pinnata species, A. nilotica
species, and the entire Azolla section.

A library of cloned DNA szquences is being pre-
pared. DNA from anabaena-free azolla strains has
been isolated, digested, and size fractionated using a
sucrose gradient. The DNA has been cloned into the
vector PUC1 19, Results of fingerprinting and phylo-
genetic studies using cloned DNA sequences as
RFLP markers will be compared with results ob-
tained using random primers in polymerase chain
reaction-based assays. RAPD appears to be an effi-
cient and fast way to characterize azolla germplasm.
By screening both RFLPs and random primers, we
hope to identify some markers that are particularly
useful in distinguishing accessions or species in our
germplasm collection. The entire germplasm collec-
n.on will be examined once useful markers have been
identified.

BLUE-GREEN ALGAE GERMPLASM COLLECTION
The IRRI collection of N,-fixing-blue-green algae
(BGA) wasinitiated in 1979 as part of acollaborative
research program of Office de la Recherche Scienti-
fique et Technique Outre-Mer (ORSTOM, France)
and IRRI to study the ecology of BGA and their
possible use as biofertilizer in wetland rice culture.
The collection comprises 204 strains originating
from 21 countries (Table 15). In 1990-91, informa-
tion regarding the strains was entered in a data base.
A computer program was designed using Hypercard
software to standardize and facilitate the visual and
microscopic descriptions of cultures in liquid and on
solid media. A Macintosh computer, a hard disk, and
the Hypercard 2 program are necded to use the
stacks.

Information on the strains is compiled in six

interconnected Hypercard stacks:
1. Cards of the main stack, “Collection” (486 kbyte,

206 cards), provide the following information:

B genus, IRRI's code, and other codes when ap-
plicable;

B country and location of origin, and habitat;

B year of isolation, year of acquisition to IRRI’s
collection, and information on strain conser-
vation;

B soil properties of the environment from which
the strain was isolated;

B standardized description of the visual appear-
ance of the culture in liquid and on solid
media;

B standardized microscopic description; and

M additional notes including bibliographic refer-
ences on the strain and its environment,

Table 15. Number and origin of strains in the BGA collection. 1991.

Number
Genus Africa Asia Other
Europe regions Total
Senegal Others Philippines Others
Anabaena 13 5 7 15 5 5 50
Calothrix 23 2 1 7 1 1 45
Fischerella 4 2 4 3 1 0 14
Gloeotrichia 0 0 2 0 0 0 2
Nodularia 0 0 0 1 0 0 1
Nostoc 28 9 12 17 4 1 7
Scytonema 1 3 1 4 0 0 9
Tolypothrix 0 0 0 2 1 0 3
N,-fixing 69 21 37 49 12 7 195
Nonfixing 8 0 0 0 1 0 9
Total 77 21 37 49 13 7 204
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2. The stack “Describe” (311 kbyte, 19 cards) is an
on-screen tool to describe
B cultures of strains growing on solid and liquid

media (aspect and color), and
B their morpholoy.ical features under the micro-
scope.

3. The stack “Keys” (172 kbyte, 69 cards) provides
on-screen taxonomic keys for genera encoun-
tered in ricefields.

4, The stack “Glossary™ (65 kbyte, 95 cards) pro-
vides definitions of specific terms or concepts
including terms used for the description of BGA
in the stack “Describe.” -

5. The stack “Methods” (32 kbyte, 8 cards) provides
general information on methods for
B the maintenance, mailing, and revival of the

strains; and
R estimating BGA abundance and activities in
ricefields.

6. The stack “Sites™ (25 kbytes, 12 cards) provides
information on the environments from which the
strains originated.

NEXT STEPS

We will continue to conserve and evaluate biofertil-
izer germplasm, and to investigate the dynamics of
soil N and fertilizer N and the mechanisms by which
the rice root system utilizes them. The project’s
activities will be transferred to integrated nu -ient
management i the Rainfed Lowland Rice Program.

Direct seeded rice

SEED VIGOR, GROWTH, AND GRAIN YIELD OF
BROADCAST SEEDED, EARLY-MATURING RICE
VARIETIES

A study was undertaken 1) to determine if varietal
difterence in seed vigor influences crop establish-
ment and 2) to identify yield-determining processes
of broadcast-seeded, early-maturing rice plants.
Analysis of the results of seed vigor tests indicates
that germination rate correlated most closely with

the results of the other seed vigor tests (Table 16).
Therefore, germination rate was used to classify the
varieties into groups of high, intermediate, and low
vigor (Table 16,17).

Crop establishment was lover in the low-vigor
varietal group than in the high and intermediate
groups; there was no difference betweenthe highand
intermediate groups (Table 18). Crop growth rate
was lower in the low-vigor varietal group than in the
high and intermediate groups at the early growth
stage but not at the late growth stage (Table 19). This
might be caused by the difference in crop establish-
ment.

Grain yield was lower in the low-vigor varietal
group than in the high and intermediate groups
because of the low panicle-to-shoot ratio of the low-
vigor group. The results suggest that high seed vigor
is important not only for increasing crop establich-
ment but also for high grain yicld.

Table 17. Germination rate (RG) of varieties usedinfield
experiment. IRRI, 1990 DS.

. Germination
Variety rate (%)
High seed vigor variety
RP1442-2-2-3-5-1 100.0 a
IR13240-108-2-2-3 99.3 a
BG1203 98.7 a
RNR1429 98.0 ab
IR25884-94-3-2 97.3ab
Intermediate seed vigor variety
IR39357-133-3-2-2-2 94.7 ab
iR21178-39-P1 93.3 b
IR13429-299-2-1-3 89.0 b
IR25879-82-5-2 77.3 ¢
Laxmi 758 ¢
Low seed vigor variety
IR21848-65-3-2-2 711 ¢
0s4 5563 d
Giza 189 35.7 e
IRAT140 22.7 f
Dharial 15.2 f

Table 16. Mean value of different seed vigor tests for 3 varietal groups of varying seed vigor.

Varietal group Germination Percent Aging Cold Shoot:root
rate germination test test length
High seed vigor 99 a 99a 38a 18a 0.26 a
Intermediate seed vigor 86 a 88a 12 b 16 b 023 b
Low seed vigor 40 ¢ 84 b 6 ¢ 6 ¢ 014 ¢
Max 100 100 57 25 0.43
Min 15 58 1 0 0.12
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Table 18. Mean values for growth parameters of 3 varietal groups.

Crop Total shoot Panicle-to-
Varietal group establishment dry wt shoot dry Yield
(%) {kg/m?) wt ratio (t/ha)
High seed vigor 52 a 093 b 0.52a 47a
Intermediate seed vigor 54 a 1.00 a 0.50 a 48a
Low seed vigor 37 b 094 b 035 b 1.9 b

Table 19. Mean crop growth rate during growth stages.
IRRI, 1991 DS.

Crop growth rate {(g/m? per d)

Varietal group 19-33d Heading to 15 d after

after seeding 15 d after heading
heading to maturity
High vigor 4.4a 13.4a 109 a
Interrnediate 47 a 109a 10.2a
vigor
Low vigor 32 b 119a 9.1a
Max 5.8 16.1 26.8
Min 1.3 3.2 35

LOCK-LODGING RATOON CROPPING

In many irrigated lowland areas, farmers produce
two or three rice crops each year. Each main crop
requires a puddling operation to prepare the land for
planting, and puddling is a major cost in the produc-
tion system. Where irrigation water comes from

tubewells, pumping costs are a large variable cost. In
contrast, water supplied from gravity-fed irrigation
systems is cheaper although adequate supplies are
often not assured in DS and moisture stress is a
common production constraint. A ratoon crop pro-
vides an option to reduce the costs for land prepara-
tion and for irrigation because the ratoon matures
more quickly than a main rice crop. Typically,
however, ratoon crop yield and net return are so low
that they are not competitive with another main rice
crop.

We developed a novel ratooning technique that
involves the systematic braiding of stubble to “lock-
lodge” the straw flat against the soil surface after
harvest of the main crop (Fig. 6). This method was
compared with conventional ratooning where the
stubble is left standing after harvest. One study was
conducted at IRRI with IR66, and another in a
farmer’s field in Camarines Sur with IR74,

6. Uniform tillering of a lock-lodge ratoon crop 14 d after harvest of main rice crop.
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Table 20. Main crop grain yield anc yield, panicle nuriber, and duration of a following
ratoon crop established by lock-lodging (LL) or by conventional (C) ratooning at 2 sites.

Ratoon performance’

Main crop Ratoon N trea‘ment
yield method Grain yield Panicles Duration
(t/ha) (t/ha) {no./m?) (d)
IRRI, 1990 WSs*
3.6 LL Coritrol, zaro N 1.6 bc 206 b 66
3.5 Li 60 kg N/ha, i, 16 b 275 ab 73
3.4 LL 60 kg N/ha, T, 24a 338a 73
3.5 Mean 1.8A 273 A 71
3.9 Cc Control, zero N 1.1 cd 206 b 66
35 Cc 60 kg N/ha, T, 08 d 212 b 73
3.8 C 60 kg N/ha, T, 1.4 bc 281 ab 73
3.7 Mean 118 233 A 71
Camarines Sur, 1991 DS*
3.6 LL Control, zero N 18 ¢ 250 b 90 d
3.6 LL 90 ka N/ha* 36a 364 a 99 b
36 Mean 33A 307 A 97 B
3.6 C Control, zero N 1.2 d 124 ¢ 94 ¢
3.6 o 90 kg N/ha 28 b 309 ab 106 a
3.6 Mean 25 B 272 B 103 A

*For each experiment, means followed by the same lowercase or uppercase letter do not differ signifi-
cantly by DMRT, P<0.05. ®Main crop planted in July and harvested in October 1990; ratoon crop harvested
in December 1990. T, = 30 kg N/ha 2 wk before main crop harvest plus 30 kg N/ha 2 wk ufter harvest of
main crop. T, = 30 kg N/ha at harvest of main crop and 30 kg N/ha 3 wk after harvast. ‘Main crop planted
in September 1990 and harvested in January 1991; ratoon crop harvested in May 1991. “Pooled mean of
4 N timing treatments, all with split applications at harvest of main crop and at 3 and/or 6 wk after harvest.

AtIRRI, lock-lodging resulted in grain yields that
were 65% greater than with conventional ratooning
regardless of the N fertilizer treatment (Table 20).
Grain yield with lock-lodging was highest when N
was applied in two equal splits, half immediately
after harvest of the main crop and half 3 wk later.
Improved performance of the lock-lodge ratoon was
due to more uniform tillering at basal nodes, which
increased panicle numbers. In conventional ratoon-
ing, tillering was irregulor, originating at nodes 2-4
in the standing stubble. With the best N fertilizer
treatment, yield from the lock-lodge ratoon was
equivalent to 71% of the preceding main crop yisld,
but crop duration was 14 d shorter in the ratoon crop.

In Camarines Sur, treatments included a zero N
control and four N timings, each totaling 90 kg N/ha.
In contrast to the experiment at IRRI, none of the N
timing treatments had N application before harvest
of themaincrop. Instead, N treatments differed in the
timing of the split applications from immediately
afterharvestof the main crop to 3 and 6 wk after lock-
lodging. As treatment effects due to N timing were
notssignificant, pooled means for all N treatments are
presented (Table 20). Mean yield with lock-lodging
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was 31% greater than with conventional ratoon. In
treatments with N fertilizer, yield from the lock-
lodge ratoon was comparable with the yield from the
preceding main crop. Crop duration, moreover, was
16dshorterin the lock-lodge ratoon. As in the results
at IRRI, increased grain yield from lock-lodging
reflected more uniform tillering and greater panicle
numbers than from conventional ratooning. Grain
filling was also more uniform in the lock-lodgz crop
so that crop duration was about 5 d shorter than in the
conventional ratoon.

Production costs and returns were compared based
on data from the Camarines Sur experiment in a
gravity-fed irrigation systern and data collected at
another site with pump irrigation where a farmer
established two adjacent blocks (one block with a
lock-lodge ratoon and the other with a main
crop).Time-adjusted productivity was estimated for
the ratoon and main crop options when both were
grown in the same season (Table 21). Although the
main crop produced 14-24% more grain per day, the
lock-lodge ratoon had considerably lower produc-
tion costs so that net margins adjusted for crop
duration were comparable or greater with the ratoon.
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Table 21. Time-adjusted estimates of grain yield, production costs, and gross and net
returns for a main crop and lock-lodge or conventional ratoon crops at 2 locations with
pump or gravity-fed irrigation systems in Camarines Sur, Philippines, 1991 DS.*

Crop Grain Total cost Gross  Net margin
Establishment method duration yield {$/ha return ($/ ($/ha
(d) (kg/ha perd} perd) ha per d) per d)

Pump-irrigated (IR72)

Main crop 105 40 5.5 8.9 34

Lock-lodge ratoon 90 35 2.9 7.8 49
Gravity-irrigated (IR74)

Main crop 115 46 1.9 10.2 8.3

Lock-lodge ratoon 99 37 0.6 8.2 7.6

Conventional ratoon 106 19 0.2 4.2 4.0

‘Land preparation, irrigation, seed, and establishment expenses were considered. Seedbed manage-
ment, seedling pulling, and weeding expenses were excluded. Exchange rate: US$1 = R 27.

The greater costs of land preparation and transplant-
ing for the main crop vs the cost of lock-lodging in
the ratoon, and the lower irrigation costs for the
ratoon contributed to the time-adjusted efficiency of
the lock-lodge ratoon crop, particularly when water
was supplied by pumping.

Future plans. In 1992, research on lock-lodging
will directly compare this ratooning option with
another transplanted main rice crop in the same
season in four farmers’ fieldsintwo provinces. If this
novel ratooning technique continues to show prom-
ise, adaptive research led by NARS will be encour-
aged to verify the usefulness of this technology in
environments where time, water, and land constrain
rice production. In some areas, the shorter duration
of the lock-lodge ratoon may allow greater flexibil-
ity in diversifying with a nonrice crop, but without a
large decrease in total rice production of the crop-
ping system.

Water and tillage management

WATER-EFFICIENT IRRIGATION TECHNIQUE
FOR RICE
Water use in most irrigated rice farms is high because
continuous flooding is practiced throughout the
season. Fields are often flooded to control weeds.
With increasing demands and costs to develop water
resources, the need to use water-efficient rice pro-
duction systems is most pressing, especially for DS
rice, which cannot compete well with other crops
unless water supply is subsidized.

We conducted research in Guimba, Nueva Ecija,
Philippines, to identify irrigation techniques that are
water-efficient and at the same time do not reduce

yields. The study evaluated the following water
regimes established in transplanted ricefields: 1) the
traditional continuous shallow flooding, 2-7 cmdepth
(WR1), 2) shallow flooding similar to WR1 up to
panicle initiation and then saturated soil (WR2),
3) saturs -»d soil throughout (WR3), and 4) alternate
wetting to saturate the soil and drying foramaximum
of 1 d after attaining soil saturation, but without
allowing the soil to crack (WR4).

The experiment was conducted in two farmers’
fields for two dry seasons at each site, from 1988
through the 1991 DS, using a randomized complete
block design. The fields have a clay loam soil, an
average water table depth of 95 cm, and are irrigated
by shallow tubewell pumps.

Farm plots were of 10 15m. Polyethylenc sheets
were installed at 60-70 cm depths along the center of
dikesto prevent seepage between adjacent plots with
different water regimes. All plots received 100-30-
30kg NPK/ha. Weed control was uniform across the
water regimes, but not the same in all seasons. In
1988 DS, butachlor at 0.6 kg active ingredient/ha
was applied 1 d before transplanting. In 1989 and
1990 DS, two passes of arotary weeder and one hand
weeding were done; in 1991 DS, only one hand
weeding was done.

In the standard practice (WR1), 20 mm of water
was lost daily because of percolation. Only 9 mm/d
was lost when saturated soil was maintained (WR3).
The average water used in WR3 was therefore 60%
of that used in WR1 during the seasons (Table 22).
Regime WR3 was adequate to fully meet the crop’s
evapotranspiration demand for water, During 1988
and 1989, weeds were effectively controlled in all
water regimes, hence there was no significant yield
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Table 22. Meanrice yields, water use, water productivity, and weed weights uiider selected
water regimes. Guimby, Nuseva Ecija, Philippinss, 1988-91 DS.

Water regime*

Iltem
WR1 WR2 WR3 WR4

Mean yield (kg/ha)

1988 aind 1989 5552 5237 a 5153 a 4336 b

1990 and 1991 5102 4833 a 4198 b 3757 c
Water use {(mm)

1988 and 1989 1793 a 1168 b 1068 b 728 b

1990 and 1991 2785 a 16804 b 1644 bc 1065 c
Relative water use (%)

1988 and 1989 100 65 60 41

1990 and 1991 100 65 59 38
Weed weights (g/m?)

30-45 DT®

1988 and 1989 19.3a 12.4a 30.1a 52.0a

1990 and 1991 63.1a 544 a 1942 b 1591 b

“WR1 = continuous flooding (2-7 cm); V/R2 = similar to WR1 up to panicle initiation, then saturated soil;
WR3 = saturated soil throughout; WR4 = altarnate wetting (to saturate the soil) and drying (up to
maximum of 1 d after attaining saturatioii.. In a row, values with the same letter are not significantly
differant at the 5% level by DMRT. *Days after transplanting.

difference between WR1 and WR3. This indicates
that with normal weed control measures (chemical
or mechanical/manual), excessive water need not be
used as a tool for weed control. Further, water saving
of about 40% can be achieved without yield reduc-
tion if a saturated soil regime (WR3) is maintained
through the growing season in place of the usual
shallow-flooded regime (WR1). In WE.3, more than
80% of the savings accrued from reduced percola-
tion because of reduced water head on the field.
During DS of 1990 and 1991, the same degree of
water saving was achieved with WR3, but the aver-
age yield was significantly reduced because of in-
adequate weed control (only one hand weeding was
done). This resulted in higher weed growth in 1991
and lower mean yield for the two seasons of 1990 and
1991 (Table 22). In 1990, however, water regime
WR2 controlled weeds as well as WR1 did because
of the weed suppressive effect of shallow flooding
during the crop’s vegetative period. Therefore, WR2
yield was not significantly different from that of
WR 1. But because of higher percolation rates during
the early part of the season, totai water use with WR2
was slightly h'gher than with WR3, but still signifi-
cantly less than with WR 1. On the average, water use
in WR2 was 35% less than in WR1 during the DS of
1990 and 1991. Thus, if weed pressure is high, WR2
is the most approprizte water management regime
for substantial water savings without yield sacrifice;
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however, without high weed pressure, WR3 (satu-
rated soil) is the best water regime. Soil nitrate and
ammonium concentrations measured in the experi-
mental plots were similarin WR1 and WR3 regimes,
indicating that N losses from the soil do not differ in
these two regimes.

When maintaining the saturated water regime
(WR3), itis important to prevent soil cracking which
increases water loss by percolation. The zlternate
wetting and drying regime (WR4) saved much wa-
ter, but at the cost of significant yield reductions.

Future plans. Developing means and techniques
for improving water use efficiency in irrigated rice
production will be more important as water supplies
for agricultural purposes become more costly and/or
competitive with other uses. Wc will continue inves-
tigations of practical means by which rice farmersin
irrigation systems could increase the productivity of
water without having to sacrifice yield potentials or
incur significant additional labor or other inputs, In
rice farms using groundwater, we will analyze the
economic benefits of adopting the water-efficient
irrigation methods reported here. We will extrapo-
late these findings for rice farms with various soil
types and determine how the design and operational
procedures of large-scale irrigation systems could be
modified to implement practically the water-effi-
cient irrigation techniques over wider areas.
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DRGUGHT TOLERANCE OF DIRECT SEEDED VS
TRANSPLANTED RICE

Inrecent years, direct seeded rice (DSR) culture has
beenexpanding and replacing transplanted rice (TPR)
in several couatsies in the region. This process is
under way in the Upper Pampanga River Integrated
Irrigation Systemn (UPEIIS), which is the Philip-
pines’ premier irrigation system and serves more
than 100,000 ha of rice area in Central Luzon. The
implications for water management are important
not only for the irrigation system’s present capacity
to support rice production but also for future system
design and operation.

We continued to investigate the performance of
DSR and TPR, and the processes and implications of
their substitution in irrigated production systems.
During the 1990-91 DS, we experimented with DSR
and TPR grown on a clay soil (65% clay) farm at
Maligaya, Nueva Ecija, under six water regimes.
One (W1) represented the common practice of shal-
low flooding (5-7cm waterdepth), and another (W2)
a more water-efficient method in which a saturated
soil regime was maintained throughout the season.
The four water-short regimes are as follows:

W3—mild water stress in vegetative stage;

W4d—severe water stress in vegetative stage;

W5—mild water stress in the reproductive stage;

and

Weé—severe water stress in the reproductive stage.
The mild and severe water stress regimes lasted 10
and 20 d. respectively, starting with saturated soil.

The experiment used a spiit-plot, randomized
complete block design with four replications, with
the main pict (20 x 8 m) for water regime and the
subplots (10 x 8 m) for cron establishinent method.
Farmers’ practices for inp.:t levels were followed.
IR64 was grown at seeding rates of 150 kg/ha for
DSR and 120 kg/ha for TPR. Fertilizer was 120-40-
40 kg NPK/ha for both. The plot was kept weed-free
by hand weeding and herbicide use.

DSR yield was significantly higher than TPR
except in W1, where the yield was higher but the
difference was statistically insignificant (Table 23).
DSR yield advantage was higher for the severe levels
of water stress at both vegetative and reproductive
stages of the crop than at mild levels. Under severe
water stress, DSR yic¢lded 772 kg/ha more than TPR
in W4 and 1,005 kg/ha more in W6. Water-stressed
soils in USR plots had less cracks than in the plots
with TPR. DSR in all water regimes had signifi-
cantly higher plant populations, more panicles per
unit area, and higher percentages of filled grains,
which may have contributed to the yield difference.

The farmers of UPRIIS are aware that DSR is
more drought-toierant than TPR. A survey of 30
UPRIIS farmers indicater, that about 85% of them
considered DSR, once established, more tolerant of
water stress than TPR. About 55% said they would
grow DSR in areas where shortage of irrigation
water is expected following crop establishment,

Future plans. Because of its higher yield potential
in farmer field conditions and lower labor require-

Table 23. Effect of water regime on yield and yield components of direct seeded rice (DSR)
and transplanted rice {TPR).* MRRTC and UPRIIS,> 1990-91 DS.

Yield (t/ha) Yield component difference (DSR-TPR)
Water regime*
DSR TPR Difference Tillers Panicles Unfilled
{CSR-TPR)  (no./m?) {no./m?) grains (%)
wi1 7.6 7.4 0.2ns 336** 164*+* ~-4.0%*
w2 7.3 6.7 0.6** 314%» 142** ~3.3**
w3 7.0 6.3 0.7+ 267** 167** —-4.3%*
w4 6.1 5.3 0.8%* 266** 160** -3.3**
wh 6.4 6.0 0.4* 278** 143** -1.8ns
Weé 5.2 4.2 1.0%* 171%* 92%+ -9.8**
Mean 6.6 6.0 0.6 272 144 -4.4

“In acolumn, ** = significant at 1% level by DMRT, * = significant at 5% level by DMRT, ns = not significant.
*Maligaya Rice Research and Training Center, Murioz, Nueva Ecija, Philippines, and Upper Pampanga
River Integrated Irrigation System. ‘W1 = continuous shallow flooding (6-7 ¢cm), W2 = saturated soil
throughout season, W3 = mild water stress in vegetative stage, W4 = severe water stress in vagetative
stage, W5 = mild water stress in reprodiative stage, W6 = sevare water stress in reproductive stage.
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ment, DSR is economically more attractive to farm-
ers than TPR. Farmers in the UPRIIS, are replacing
TPR, but in most other irrigated areas such replace-
ments are either marginal or nonexistent, We plan to
1) determine the relative profitability of DSR; 2)
identify land-based and hydrologic requirements
that make the shift from TPR to DSR feasible;
3) determine the water-saving that can be achieved
with the shift both at the farm and irrigation system
levels, and assess its implication for irrigation sys-
tem productivity; and 4) deterraine why the shift to
DSR is not taking place on a wider scale.

S

Pest ecology and integrated pest
management

If not managed, the insects, weeds, microorganisms,
rodents, and other pests that inhabit the irrigated rice
environment may cause significant losses. However,
incorrect pest management (such as improperly timed
pesticide application) also may cause losses. Know-
ing when, where, and how to select and deploy pest
control practices is essential for farmer profit, yield
sustainability, and health and environmental protec-
tion. A prerequisite to correct selection and deploy-
ment of the pest control methods is an understanding
of the actions, reactions, and interactions of compo-
nents in the crop ecosystem that affect the pests and
their natural enemies.

PEST EPIDEMIOLOGY, DYNAMICS, AND
ECOLOGICAL INTERACTIONS

Tungro virus-insect vector relations. Green
leafhopper Nephotettix virescens density, RTD
incidence, and infection withRTBV and RTSV were
monitored ence every 2 wk in farmers’ fields planted
at 3-4 wk intervals in Iloilo and Sultan Kudarat,
Philippines. IR74 was planted in WS and IR72 in DS
1990 croppings.

Leafhoppers were collected by sweep net. RTD
incidence was assessed visually and infection by the
RTD viruses was indexed by ELISA.

Leafhopper density and virus infection differed
with cropping season and planting time. In Sultan
Kudarat, more leafhoppers were collected in the
third planting of WS than in the other plantings. In
DS, the first planting had more leafhoppers. In both
seasons, however, leafhoppers declined at a later
stage of rice growth. Although F.I'D symptoms were
not observed in either WS or DS, ELISA revealed a
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low level of RTSV infection in WS regardless of
planting time. Further, RTSV infection was high in
DS and the first planting had higher infection than
later plantings. Generally, the increase in RTSV
infection corresponded to seasonal increase in leaf-
hopper abundance (Fig. 7). Very few leafhoppers
were collected in !loilo and no RTD was detected.

Volunteer rice plants germinating from seeds
spilled after threshing were monitored for GLH,
RTBYV, and RTSV. Threshing sites used in the 1990
DS crop were surveyed it: Magarao and Pili, Cam-
arines Sur; Barotac Nuevo, iloilo; and Isulan, Sultan
Kudarat. RTD vectors were collected by sweep net
and 10-20 batches of 10 seedlings from each site
were assayed separately using ELISA todetect RTBY
and RTSV.

More leafhopper vectors were collected in Sultan
Kudarat than in Camarines Sur and Iloilo, although
leafhoppers were present at most sampling sites. No
RTD virus infection was detected in Camarines Sur,
More RTSYV infection was prescntin plants collected
from Iloilo and Sultan Kudarat, but only a few sites
produced RTBYV (Table 24). Low composite infec-
tion of RTBV and RTSV was detected even though
it is known that testing the seedlings in batches
increases the chance of detecting double infection.
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Table 24. Tungro vector density and pe-centage of RTBV and RTSV infection in volunteer
rice plants in 3 Philippine provinces, 1990 DS.

Sampling Av Batches Batches {%) of seedlings
Province sites vector tested® infected with
{no.) density* {no.)
RTBV+RTSV RTBV  RTSV
Camarines Sur 5 4.4 77 0 0 0
lloilo 12 2.5 239 3.7 0.4 17.5
Sultan Kudarat 16 19.0 317 4.4 1.9 21.3

*Leafhopper catches per 10 sweeps. *Batches of 10 seedlings assayed separately by ELISA.

Table 25. Developmental timo and sex ratio of F, progenies of YSB from 6 sites in the

Philippines.
Days (no.) from egg Sex ratio
Site hatch to adult df G*
emergence* Male Female Total
Cagayan 39-47 12 16 28 1 0.58 ns
Ifugao 36-49 59 82 11 1 3.77+
Batangas 42-53 424 468 892 1 2.18 ns
Calauan, Laguna 40-50 79 102 181 1 292 ns
IRRI, Laguna 45-60 34 38 72 1 0.22 ns
Nueva Ecija 37-49 93 104 197 1 0.62 ns
Total 7 10.27 ns
Total 701 810 1511 Pooled 1 7.87%

Heterogeneity 6 2.40 ns

*F value = 570.23 P > 0.001. *G statistics (Sokal and Rohlf 1969). The null hypothesis is a 1:1 sex ratio.

The data confirmed the prevalence of RTSV infec-
tion in the field even in volunteer crops.

Results show that volunteer rice plants may be
infected with RTD viruses and may harbor the RTD
vectors. These plants may serve as direct sources of
infection and vectors for the succeeding crop, espe-
cially in asynchronously planted fields.

Genetic variability in yellow stem borer.
Understanding variability in insect pest populations
isimpo .wit in rice plant improvement efforts aimed
at exploiting varietal resistance to control insects.
The information can be used to predict levels of
expected difference in a species’ response to a
particular cultivar and to monitor change in response
over time,

A number of parameters are being measured to
quantify genetic variation in YSB Scirpophaga in-
certulas populations from six discrete geographical
locationsin the Philippines—Cagayan, Ifugao, Batan-
gas, and Nueva Ecija Provinces, and at Calauan and
IRRI in Laguna Province.

F, progeries of each population were cultured on
IR62 rice plants. We recorded developmental time
and sex ratios. Survival and weight of larvae repre-
senting different genotypes (egg masses) also were
recorded after 18 d of feeding on 9 rice genotypes.

The developmental time of the YSB populations
varied widely (Table 25). The G-test of sex ratio data
showed that only the Ifugao population differed
significantly from the expected 1:1 sex ratio al-
though all the populations had a higher proportion of
females. This was borne out by the pooled G. The
large pooled sample indicated significantly more
females than males. However, the populations did
notshow significant heterogeneity in sex ratio (Table
25). Therefore, the progeny deviations were, as
expected, not significantly different from each other.

Rice genotype had a significant effect on larval
survival and weight (Table 26). Larval weight varied
with the YSB strain (population), but survival did
not. There was no variety x population interaction in
either weight or survival data. The data suggest that
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Table 26. Analysis of variance of survival and larval weight of YGB after 18 d feeding on 9 rice genotypes.

Survival Larval weight
Source
df Type lIIMS  Fvalue P>F TypelliMS Fvalue P>F
YSB strain® 3 .0902112 1.698 0.1780 1.30207845 4.367 0.0102
YSB genotype {egg mass/strain} 76 .0486687 2.860 0.0001 0.28203274 1.259 0.0868
Rice variety 8 6928647  32.252 0.0001 0.82503005 3.177 0.0126
YSB strain x rice variety 24 .0214829 1.262 0.1815 0.26055065 1.163 0.2727

*Populations from Zaragoza, Nueva Ecija, and Calauan and IRRI, Laguna.

Table 27. ShB severity on [R58 planted in soils collected
from IRRI ricefields.

Relative lesion height (%)

Field no.

Crop 1 Crop 2 Crop 3
528 44 fg 21 abc 2 ab
B-13 15a 10a 4 ab
503 30 a-g 16 abc 4 ab
1002 22 a-d 22 abc 6 ab
M-13 30 a-g 17 abc 2ab
116 20 abc 19 abc 8ab
UR4 26 a-f 20 abc 11 abc
424 45g 22 abc 6 ab
428 22 ad 20 abc 13 abe
226 20 abc 14 abc 9 abc
M9 20 abc 23 abc 19 abc
229 19 abc 21 abc 10 abe
306 28 a-g 20 abc 8 abc
624 30 a-g 22 abc 2a
422 22 a-d 27 ¢ 12 abc
B-42-A 42 efg 18 abc O0a
Check 60g 45d 38d

if a variety is more resistant than other varieties to
one YSB strain, it also will be more resistant to other
YSB strains.

In summary, YSB populations do not appear to
have varied responses to rice. However, genetic
differences may be observed in response to other
variables. The variation in response of YSB popula-
tions to Bacillus thuringiensis (B.t.) is being investi-
gated (see right column).

Soil suppressive to sheath blight. Field testing
of bacterial isolates for biocontrol of rice diseases
gave varied results. To determine whether the
variability was field specific, soil samples were
collected froin 40 fiela plots at IRRI and assayed for
suppressiveness and conduciveness to the sheath
blight (ShB) Rhizoctonia solani pathogen. Soil
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samples were air-dried, sieved througha2-mm screen,
and then placed on plastic plates. Sclerotia
germination and mycelial growth on the samples
were evaluated.

To test for suppression of ShB lesion develop-
ment, IR58, a rice variety susceptible to ShB, was
directly seedec in soil mixed with the R. solani
inoculum at a ratio of 1:20 (wt/wt). The rice plants
were evaluated for ShB 40 d after sowing (DAS).
Results showed that ShB was well developed in
sterilized soil with pathogeninoculumat 21 DAS. Of
40 soil samples from different field plots, 14 were
suppressive to ShB development and 8 were condu-
cive (level of disease development was comparable
with that of the check). In three consecutive rice
plantings, several soil samples consistently reduced
ShB severity (Table 27). Different bacteria were
isolated from these soils. Some were Gram-negative
with either yellow or creamy colony forms; others
were Gram-positive with white colonies (Table 28).
Both groups of bacteria inhibited sclerotia germina-
tion in R, solani. We will evaluate and characterize
further their role in soil suppression of ShB develop-
ment.

PEST CONTROL TACTICS

Bacillusthuringiensis effects on yellow stem borer.
Laboratory bioassays determined the toxicity of seven
purified Cryl and one CryIl endotoxins of B.t. to
YSB. The endotoxins were mixed into an artificial
insect diet in a liquefied state (temperature below
60 °C). The diet-endotoxin mixture was poured into
20-ml scintillation vials without lids and dried
overnight under a fume hood. Before infesting the
vials with YSB (six 1-d-old larvae/vial), the diet’s
surface was split with a small spatula (5 slits/vial) to
ease larval entry. The vials with larvae were inverted
and incubated at 27 °C for 4 d, then mortality was
recorded. Data were processed by Probit analysis.
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Table 28, Association of bacteria in suppressive and conducive soils.

: Soil . . . . Germination
Field no. type* Bacteria colony description CFU (107/g soil) (%)
B-42-A (o Yellow, Gram-negative 5 40

Bacillus, Gram-positive 12 0
White, Gram-negative 320 90
B-13 S Bacillus, Gram-positive 16 50
White, Gram-negative 44 0
C-35 S Bacillus, Gram-positive 47 10
Yellow, Gram-negative 90 35
827 S Bacillus, Gram-positive 5 0
Fluorescent, Graim-negative 7 0
226 S Bacillus, Gram-positive 52 20
White, Gram-1.3-tive 3 30
L-2 S Bacillus, Gram-positive 95 30
B-14 (o Bacillus, Gram-positive 28 35

*C = conducive, S = suppressive.

Table 29. Effect of B.t. purified endotoxins on the yellow
stem borer.

Endotoxin LC,, (ng/ml) Slope
CrylA (a) 19,739 1.27
CrylA (b) 164 1.28
CrylA (c) 799 1.48
CrylB 11,548 0.75
CrylC 10,644 3.55
CrylD 18,050 0.55
CrylE 515,094 1.56
CryllA 1,406 3.92

CrylA(b) and CrylA(c) were the most effective
against YSB, giving LC, values of 164 and 799 ng/
ml, respectively, followed by CrylIA with 1,406 ng/
ml (Table 29). The results indicate that genes of
CrylA(b), CrylA(c), or CrylIA should be the first
choices in efforts to engineer B.1. endotoxin genes in
transgenic rice deployment systems to control YSB.

Effect of green manure on nematodes. The
rice-root nematodes Hirschmanniella oryvzae and
H.mucronatainfestmostof Asia'sirrigatedricefields.
Greenmanure (GM) crops Aeschynomene afraspera
and svsiania rostrata have potential to control rice-
root nematodes. We measured the effects of planting
and/or incorporating S. rostrata and A. afraspera on
the nematodes and rice yields under the following
experimental conditions: 1) rice grown continuously.,
2) incorporation of S. rostrata and A. afraspera
shoots after the first rice crop, 3) removal of
S. rostrata and A. afraspera shoots following their
growth as a first crop, and 4) incorporation of

S. rostrata and A. afraspera shoots following their
growth as a first crop.

Table 30 gives nematode soil populations after
each crop and yields of the second crop (rice) in four
experiments using S. rostrata. After the first crop,
rice-root nematode population densities were lower
in plots where S. rostrata was grown than in plots
where rice was the first crop. These results indicate
that growing S. rostrata effectively reduced rice-
root nematode population densities. In addition,
nematode population densities in experiments 2, 3,
and 4 were reduced by the incorporation of S. ros-
trata shoots. Except for one treatment in experiment
4, the yield of the second rice crop was higherin plots
with continuous rice when S. rostrata was incorpo-
rated than in the control plots. These results indicate
a fertilizer effect of GM. Yields obtained in plots
where S. rostrata had been grown as a first crop but
a0t incorporated as GM were always higher than in
the control plots. In all four experiments, the yield
was highest when S. rostrata was grown as a first
crop and incorporated. Results were similar when
A. afraspera was used.

The experiments indicate that 1) rice-root nema-
todes may be controlled by crop rotation with
S.rostrata and A. afraspera and to a lesser extent by
incorporation of these legumes as GM, 2) the rice
yield increase obtained after a rotation with S. ros-
trata and A. afraspera did not arise solely from a
fertilizer effect of the GM, and 3) rice-root nema-
tudes may cause significant yield losses in irrigated
rice.
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Table 30. Effects of Sesbania rostrata growth and incorporation of shoots on second crop
{rice)} yields and Hirschmannislla mucronata and H. oryzae populaiion densities pur dm? of

soil.*
Treatments® Initial Final nematode popu-
nematode lation {no./liter of soil)  Rice yield
Crop1 Crop2 Green manure population (t/ha)
incorporation  {no.fliter of soil)  Crop 1 Crop 2
H. mucronata, experiment 1, rainy season
R R - 860 a 766 b 783 b 22 ¢
R R + 1024 a 1055 b 621 ab 32 b
S R - 775 a 9a 446 ab 29 b
S R + 750 a 12a 352 a 40a
H. oryzae, experiment 2, rainy season
R R - 771 a 708 b 465 b 1.2 b
R R + 500 a 705 b 40 a 30a
S R - 494 a 1a Oa 28a
S R + 472 a 4a 24a 32a
H. mucronata, experiment 3, dry season
R R - 513 a 394 bc 390 b 38 ¢
R R + 827 a 628 ¢ 123a 46 b
S R - 181 a 204 ab 64a 4.9 ab
S R + 474 a 38a 26a 54 a
H. oryzae, experiment 4, dry season
R R - 17 a 258 b 160 b 34 b
R R + 51a 207 b 39a 37 b
S R - 110 a 35a 23a 44a
S R + 147 a 24 a 15a 46a

*Values are mean of fiva replications. For each experiment, means in each column followed by the same
letter do not differ at P < 0.05 according to Duncan's muitiple range test. *R = rice, S = S. rostrata, - = no

incorporation of S. rostrata shoots, + = incorporation of S. rostrata shoots.

INTEGRATED PEST MANAGEMENT
IMPLEMENTATION

Simulation analysis of insecticide spray
efficacies. We used a simulation model to determine
the effectiveness of insecticides to control BPH
Nilaparvata lugens. The mode! assumes that the
population is driven by an initial cohort of adults
from neighboring crops or from long distance
displacement. Biological processes (sex ratio,
oviposition rates, and the age-specific daily survival
rates of the various stages) are included as subroutines.
Calculation of the life span of each stage assumes
that the stage has a constant daily survival rate. If the
probability of an adult surviving and remaining in
the population to age j is Saj, it is viewed as the
proportion of the adult cohort surviving to age j.
Therefore, the number of adults surviving to time ¢
from the initial cohort of a, will be A, = Sa, - a,. The
total number of live adults at time ¢ is then
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Table 31. Developmental periods of BPH used in the

simulations.

Developmental period (d)
Parameter

Adult Egg Nymph

females
Mean (x) 12.82 9.19
Standard deviation (s) 5.38 1.40
Maximum duration {(d) 32.00 15.00 13.00

o
A=1L S8aj - a,
Jj=0

where a is the potential adult longevity. Length of the
egg and nymph stages are computed in the same way.

The model runs on daily survival rates generated
from the mean and standard deviation and maximum

&/
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stage development periods. Table 31 gives the para-
meters used. Test BPH populations were generated
using a cohort of 5 BPH adults/hill per d and spray
efficacy was computed as

KJX 100

Spray efficacy =

where K = total adult-days with no spray, and J =
total adult-days with spray.

The effects of one spray on any day were simu-
lated for two immigration patterns: 1) immigration
by a single cohort, and 2) immigration at a constant
daily rate. The simulations for an insecticide causing
100% mortality at all BPH stages showed that spray
efficacy is reduced when immigration is daily
(Fig. 8). The results imply that in the tropics where
immigration is often daily, sprays would be much
less effective than in temperate regions. Moreover,
field sprays would likely be less efficient than as-
sumed in the model.

For BPH control, most insecticides have little or
no effect on the egg stage. Simulations without egg
efficacy showed marked periods where sprays have
virtually no impact (Fig. 9).

Where daily immigration occurs, spray efficacies
are further reduced. Use of an insecticide with per-
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8. Relative spray efficacy of a perfect insecticide on egg, nymph,
and adult when adult recruitment occurs 1) onday 1 and 2) daily.

fect kill gave only about 30% efficacy. In practice,
even less efficacy would be expected. Since an
insecticide would kill natural enemies as well in the
tropics, significant payoffs from insecticide use
against a pest such as BPH seem unlikely.

Ultralow-volume compressed air sprayer. The
ULV compressed air sprayeris a .1ew conceptin low-
volume hand-held spraying. It comprises a lever-
operated air pump, power booster, and compression
chamber, which supplies compressed air through a
series of microtubes to astandard spray nozzle. Inthe
spray nozzle, air is mixed with a very low volume of
pesticide before being discharged. Air volume and
pressure are accurately regulated to provide an
optimum ratio of air and pesticide mix. Volume
outputs range from 5 to 15 liters/ha, compared with
more than 200 liters/ha with a conventional knapsack
sprayer. Tesis showed that mostdroplets were emitted
as fine spray (100-200 pm) and the droplet size
spectrum appears very narrow, an ideal situation for
general insecticide and fungicide application.

Figure 10 highlights the ULV aspects of the
sprayer and compares it with a commercially avail-
able ULV sprayer, and a conventional knapsack
sprayer. The discharge from the IRRI air sprayer is
4% of that of the knapsack sprayer.
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recruitiment.
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NEXT STEPS

Research leading toward integrated pest manage-
ment (IPM) implementation in selected irrigated
environments will be stepped up in 1992. Compre-
hensive guidelines will be developed for implement-
ing IPM forall major pests of irrigated rice in Central
Luzon, Philippines. Then, a large-scale farmer par-
ticipatory experiment will be organized 1o evaluate
the impact of IPM at the village level. Pest manage-
ment specialists, economists, trainers, communica-
tion specialists, and extension personnel will col-
laborate in designing, implementing, and evaluating
the experiment. The objective will be to determine
the costs and benefits of IPM at the farm and commu-
nity levels and to identify constraints to and require-
ments for adoption.

Understanding pest epidemiology, dynamics,
ecological interactions, and genetic variability is
paramount to the design and implementation of IPM.
This work will be continued and the knowledge
gained will be used in developing the IPM guide-
lines.

Increasing the range and determining the impact
of pest control tactics are other essential aspects of
IPM. The project will continue to seek and evaluate
biological, cultural, physical, and chemical tactics.

Subprogram lll: Livelihood and
production environments

Systems productivity and sustainable
rice systems

In 1991, project goals were changed from an empha-
sis on systems productivity to a specific focus on
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identifying quantifiable indices of sustainability of
rice systems that govern the short- and long-term
viability of rice-based cropping systems. This report
covers the transition. We present final reports con-
cerning crop diversification and survey studies of
farmer practices with regard to sources and process-
ing of rice seed under former project activities, and
the new project concept including the rationale and
objectives for the change of emphasis.

INTEGRATION OF FORAGE LEGUMES AND

FOOD CROPS

Forage crops can be grown as a sole crop or inter-
cropped with an upland cereal planted after rice in
lowland soils during DS. Such a cropping pattern
increases the diversity of the rotation and can result
in greater total productivity than continuous double-
cropping of rice.

Sorghum Sorgium bicolor was intercropped with
forage legumes to evaluate the performance of the
crop combinations as a source of human and animal
food in rice-based cropping systems. We experi-
mented in an IRRI field with the following soil
characteristics: silty clay, pH 6.2, 1.0% organic C,
0.13% total N, 20 mg extractable P (Olsen)/kg, and
13.4cmol(+)exchangeable K/kg. The forage legumes
Clitoriaternatea, Desmanthus virgatus, and Stylosan-
thes guianensis were planted simultaneously with
sorghum in aliernate rows after minimum tillage.
Monocrop treatments for all species and fallowed
plots were included as checks. Supplemental irriga-
tion was given three times. Sorghum was fertilized
with 100-60-60 kg NPK/ha.

Forage was first harvested 60-90 d after seeding
with subsequent cuttings at 3-wk intervals, The last
herbage regrowth was incorporated as GM to the
following rice crop (IR74). Sorghum was ratooned
after the first harvest and allowed to produce forage.
Fertilizer inputs of 30-30-30 kg NPK/ha were ap-
plied to the subscquent rice crop. Plots that were
fallowed before rice were fertilized with 30-30-30,
60-30-30, or 90-30-30 kg NPK/ha for comparison
with the GM treatments.

Sorghum grainand fodder dry matter (DM) yields
were not affected by intercropping (av 4.01 t grain/
ha and 4.27 1 fodder/ha). Sorghum ratoon was like-
wise not significantly affected, with mean yield of
4.06t DM/ha. However, ratoon DM yield was slightly
lower with the presence of intercrops because of
shading by the rapid regrowth of the fully established
forage legumes. In monocrop systems, the highest



total forage DM yield (13.9 t/ha) was obtained from
desmanthus in 7 mo (Dec-Jun). Stylo gave forage
yields of 10.. t/ha and clitoria gave 9.3 t/ha. When
intercropped with sorghum, forage yielded 46% re-
gardless of species. although total fodder production
was significantly higher with intercropping (av
14.14 t DM/ha) than with monocropping.

Rice yield was highest (4.8 t grain/ha, 5.4 t straw/
ha) following clitoria and desmanthus monocrops.
Rice following sorghum + desmanthus or clitoria
treatments yielded 4.0 t/ha, which was similar to rice
yields on fallowed plots thar received 90 kg N/ha,
Yields were lowest in plots planted previousiy to
monocrop sorghum (2.4 t/ha) and fallowed plots that
received 30 kg N/ha (2.9 t/ha). The results suggest
that food and fodder production in rice-based farm-
ing systems can be increased through integration of
cereal-forage legume crop mixtures. Furthermore,
plow-down of the forage legume appears to contrib-
ute N to the subsequent rice crop, thus reducing the
total fertilizer inputs required.

FARMERS’ SEED SELECTION AND PROCESSING:
PRACTICES AND PERCEPTIONS

Rice seed is easily contaminated by seeds of weed
species of similar maturity, particularly when weed
seeds are similar in size to the rice grain. Rice seed
selection and cleaning methods used by farmers may
reflect their awareness of the potential for weed seed
contamination. A study conducted in Guimba, Nueva
Ecija, Philippines, 1) examined farmer practices
regarding seed selection and processing; 2) deter-
mined whether the degree of weed seed contamina-
tion was influenced by rice seed source, threshing
method, and water source; and 3) surveyed farmer
perceptions about the causes of weed problems in
their riceficlds.

Of70rice seed samples, 76% were obtained from
seed saved by the farmer from his own field and 22%
were obtained from a neighbor's field. Farmers
chose seed in selected patches in their own or in a
neighbor’s field that appeared to have high-yielding,
uniform plant types. Most sced was machine-
threshed. Farmers passed a portion of the selected
sheaves through the thresher before threshing the
seed they would save. This reduced contamination
from residual seeds of weeds or other rice varieties
that may have lodged in the machine. To further
eliminate weed seed, more than half of the samples
were winnowed. In a few cases, threshed samples
were placed in water to remove lighter seed that

floated. Only 17% of the samples were manually
threshed.

Ninety-seven percent of the samples were con-
taminated with weed seed. Major contaminants were
Echinochloa glabrescens (contaminated 79% of the
samples, at a mean of 56 E. glabrescens seeds per
contaminated 1 kg rice seed sample), Ischaemum
rugosum (71% of samples, 52 seeds/kg), Eciino-
clloa crus-galli (30% of samples, 73 seeds/ k), and
Fimbristylis miliucea (26% of samples, 8.2 mg seeds/
kg rice seed or approximately 110 seeds/kg). Group-
ing the major weeds by similar species, Echinochloa
spp. contaminated 87% of the samples, or 87 seeds/
kg: other grasses (excluding /. rugosum) contami-
nated 10% of samples, with a mean of 15 seeds/kg;
and sedges were found in 34% of the samples, with
amean of 10 mg weed seed/kg rice seed.

Seed from farmers” own fields had less weed seed
than that from neighbors® fields. Although farmers
obtaining seed from neighbors usually selected the
patches to be used for seed, farmers processing seed
for their own use were apparently more careful than
farmers processing seed for others. Manually threshed
seed was less contaminated with Echinochlou spp.
and /. rugosum than machine-threshed seed.

Although more weeds would be expected in rain-
fed areas because of poor water control, only the
seeds of sedges were found in significantly higher
amounts than in areas served by shallow well or
small communal and large irrigation systems. Other
weeds did not differ with respect 1o water source,

Most farmers (60-75%) thought that the Echino-
chloa spp. were disseminated via contaminated seed
rather than in the soil. However, 91% thought that
1. rugosum was soil- rather than seed-borne. Al-
though farmer reasons for these perceptions were
not determined, lack of awareness that /. rugosum
was a seed contaminant may reduce farmers” care in
selecting patches for seed harvest.

Researchers are studying the relationship be-
tween farmers' practices and their perceptions
concerning N fertilizer management and pesticide
use against defoliators in the early season. Com-
paring the results with recommended practices
would help in identifying production constraints that
are unknown to or underemphasized by rice re-
searchers.

INDICES OF SUSTAINABILITY OF RICE SYSTEMS
Intensified rice cropping in irrigated systems re-

sulted from the introduction of modern, short-dura-
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tion varieties and small-scale mechanization of thresh-
ing and tillage operations that reduced the turn-
around time between crop cycles. Continuous, irri-
gated rice systems with two and sometimes three
yearly rice crops are now common throughout Asia.
The intensification of rice cropping may have con-
tributed as much to the increase in gicbal rice sup-
plies from the green revolution as has the increased
yield potential of modern varieties.

From a historicai perspective, intensive rice sys-
tems are in their infancy. Although they have existed
for less than 30 yr, food security for billions of rice
consumers depends on the ability to sustain produc-
tivity of these agroecosystems. With loss of prime
irrigated land to urbanization and industrialization.
further intensification on existing irrigated land and
increased yield per unit area will be required to meet
the future needs of an expanding population. A
crucial issue is whether intensive, irrigated rice sys-
tems maintain the resource base on which future
productivity depends, or whether the structure and
function of such agroecosystems cause changes in
the resource base that lead to greater input require-
ments or undesirable externalities.

Recent evidence from long-term field studies of
continuous rice systems indicates disturbing trends.
All of tb=se experiments follow a similar concept in
which management practices are optimized to in-
clude the best varieties, complete water control with
irrigation, recommended nutrient inputs, and mod-
ern pest management strategies. Inoneexperiment at
IRRI with three rice crops per year, yields of the
highest yielding varieties have declined linearly by
35-40% since 1968 (r=-0.82, DS). Ataresearch site
in Nueva Ecija, Philippines, yields in WS have
declined by nearly 100 kg/ha per yr since 1968 (r =
—0.68) in a continuous double-crop rice system. Ina
similar double-crop system in Hyderabad, India, DS
rice yields have also declined by about 40% in a
12-yr period. Atbest, yields have remained constant
in several other long-term studies, but even those re-
sults arouse concern because rice yields in Asia on
irrigated land must increase to meet future demand.

Sobering production trends are also evident from
aggregate data of some Asian countries and survey
data in which yields and input use were monitored
for the same farmers over 8-10 yr. In Indonesia, the
Philippines, and Thailand, for example, rice yield
per unit of fertilizer applied has decreased substan-
tially in the past 10 yr.
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With a growing body of evidence that rice yields
stagnate or decline under intensive rice cropping
with present management practices, it is urgent that
we understand the fundamental basis for sustained
productivity and output/input efficiency of these
systems.

NEXT STEPS

A new set of project objectives specifically targers
the issues of sustained productivity in intensive
irrigated rice systems. Beginning in mid-1991, proj-
ect goals have emphasized 1) identifying the factors
responsible for the yield decline in some continuous
rice systems, and developing inanagement strategies
that reverse or prevent such declines; 2) quantifying
systemoutput/input efficiencies as indices of change
in the resource base, with emphasis on the relation-
ship between productivity and specific soil proper-
ties that are crucial to soil quality in irrigated rice
systems; and 3) understanding farmer knowledge
and perceptions of soil quality, changes in output/
input efficiencies, ar:d short- vs long-term trade-offs
in management strategies to sustain productivity of
intensive rice systems.

Rice-wheat systems

The IRRI Program report for 1990 previewed the
inception of an international collaboratior in rice-
wheat research, The initial activities of that collabo-
ration are described here. The importance of on-farm
diagnosis of constraints to rice-wheat productivity
and profitability in helping guide research priorities
was emphasized in the program reports for 1989 and
1990, This year we feature a new initiative in long-
term monitoring of farm practices and farm re-
sources (including land) as an indicator of system
sustainability. We also report national, state, and
district statistics for the trends in rice and wheat
production in relation to human population and
describe continuing work addressing the constraint
of inadequate wheat establishment following rice.

INTERNATIONAL COLLABORATION IN RICE-WHEAT
RESEARCH

About one-half of the world’s 20-25 million ha
planted to a rice-wheat systemn is in Bangladesh,
India, Nepal, and Pakistan. In May 1991, their agri-
cultural research systems, together with IRRIand the
International Maize and Wheat Improvement Center



(CIMMYT), defined a consortium-model research
agenda (and budgets). Through nine lead centers
(key sites) the collaboration aims to address the
constraints torice-wheat productivity and profitabil-
ity that have been provisionally identified for each
country’s major rice-wheat production zones. The
agenda also prominently features an expanded diag-
nosis for sysiem constraints and interactions, and
includes professional development programs and
international travelling workshops.

Production trends. Geographic information sys-
tems and district-fevel statistics of rice and wheat
production and productivity are being used to deter-
mine current levels and historic trends in area and
productivity of the rice-wheat system. New esti-
mates forthe area practicing the rice-wheat sequence
are 0.6 million ha in Bangladesh, 9 million ha in
India, 0.5 million ba in Nepal, and 1.5 million ha in
Pakistan. China has 10.3 million ha of rice-wheat or
rice-rice- wheat. Preduct.vity data indicate that yields
of rice and wheat continue to increase in most re-
gions of South Asia, but with much higher farm
inputs. Moreover, rice yiclds in Haryana, India,
which increased steadily to 1978, have since then
been static, probably because rice-wheat has been
extended to inferior lands with poor quality water. In
other regions, combining rice and wheat productiv-
ity data with census data cn human populations helps
determine whether rice and wheat in individual dis-
tricts and countries is keeping pace with population
growth. For cach administrative district of Bangla-
desh, the change from 1961 to 1987 in production of
rice-wheat has been quantified in relation to popula-
tion. Many districts show lower production per resi-
dent personin 1987 thanin 1961 (Fig. 11). For Bang-
ladesh as a whole, the 146 kg/capita per yearin 1987
was 17 kg (or 10%) less than in 1961.

Diagnostic and monitoring surveys. Diagnostic
surveys of farmer practices and inputs and of con-
straints and opportunities in the rice-wheat system
have been concluded for rice and wheat phases for
the regions surrounding Bhairawa (Nepal terai),
Faizabad (rainfed Uttar Pradesh, India), and Pantnagar
(irrigated terai, Uttar Pradesh). Common constraints
specific to or important for the rice-wheat system
were
W delayed and suboptimal establishment of rice and

wheat (sometimes exacerbated by poor compati-

bility of rice and wheat cultivars),
M excess water use for wheat and occasionally
rice,

Changes
(kg/capita per year)
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11. Changes in rice-wheat availability per person in Bangladesh
between 1962 and 1987.

8 weeds and rats,

B lack of rice threshers and rice and wheat reapers,
and

@ labor scarcity af rice transplanting and at rice and
wheat harvests.

Sustainability of productivity is a major concern
for rice-wheat systems, as is sustainable profitability
for farms where production is maintained only by
large increases of inputs. The international collabo-
ration is therefore seeking to quantify sustainability
through ongoing and new long-term experiments on
crop and resource management, and also through a
new program for regular, long-term monitoring of
farmers’ practices, inputs, productivity, and resource
(including land) quality. The first monitoring was
initiated during the 1991 wheat season for 170 farm
fields in the region surrounding Bhairawa (Nepal).
CIMMYT designed and conducted the sampling,
and IRRI participated in the analysis using a model
that relates estimates for short- and long-term sus-
tainability to a measured index of land quality—an
index that is influenced by present and past farm
management practices such as application of farm-
yard manure (FYM). Short-term sustainability (which
can be affected by present management) is repre-
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sented here by the ratio of actual farm yield to an
estimate of the maximum possible wher using the
farmer’s resource inputs. This ratio is analyzed for
its dependence on eight agronomic/management
factors (choice of wheat cultivar, quality of land
preparation, ratio of N:P fertilization, promptness of
seeding, plant-population density at and after seed-
ing, and incidence of diseases and rats) and on nine
socioeconomic factors: farm size. number of land-
holdings, farm accessibility, irrigation, mechaniza-
tion, farm-family size, availability of off-farm em-
ployment, labor status (indigenous or immigrant),
and tenure. Long-terin sustainability (influenced by
consistent management) is assessed using the effects
of short-term sustainability, land quality, and farm
practices in an econoric model for wheat yield. The
model—the translog production function. which can
estimate elasticities, interactions, and effects of input
substitutions—related wheat yield to soil type, irri-
gation (reflecting access to tubewell water), water-
logging (natural drainage), crop rotation (allowing
for the effect of break crops), inorganic and FYM
fertilizers, and weeding,

Results for short-term sustainability indicate
that wheat yields were 25% less than optimal in
fields on which neither farmyard manuring nor inter-
cropping with mustard was practiced. This effect
was more pronounced on poor quality, marginal
lanids. The shori-term (wheat) sustainability was
lessened equally by farm management features
(inappropriate choice of cultivar other than NL297,
poor land preparation and wheat establisiiment, dis-
eases, and rats) and socioeconomic factors (inacces-
sibility, owner management, and off-farm work op-
portunities).

Long-term sustainability was enhanced by farm-
yard manuring and crop rotation on nearly all land
types. Effects could be detected within a period as
short as 3 yr. Each year, for every animal/ha, 0.5 t
FYM/ha was made available for wheat; but one
additional farm-family aduli/ha diverted manure
and lessened its availability by 0.15 t/ha. The lack
of fuelwood further lessened manure availability by
0.6 \/ha per yr.

Interaction terms indicate that deep clay oils
are more responsive to fertilization than coarser
soils. One additional irrigation for wheat on clay
soils in a well-weeded rice - mustard - rice - wheat
sequence produced an incremental 90 kg of wheat
grain/ha in naturally drained soil but only 36 kg/ha
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in waterlogging-prone land. Corresponding values
for incremental gains from 1 kg of inorganic fertil-
izer/ha were 10 and 2.6 kg/ha; for 1.0 t FYM/ha, the
gains were 41 and 10 kg grain/ha. Averaged over all
environments and farm practices and crop rotations,
adecrease of 1.0 t FY'M/ha requires the substitution
of 9.5 kg of inorganic nutrients/ha to maintain wheat
productivity.

Field studies withintheInternational Rice - Wheat
Collaboration. During 1991, programs of field
experimentation have been implemented to varying
extents at the nine lead centers within the four
cooperating South Asian countries. Because of the
many interactions in the rice-wheat system, these
programs carry out multifactorial, multidis-
ciplinary pr.duction and investigational studies.
The main features of these interactive programs are
summarized here for each center. Some preliminary
findings are given, although these activities were
initiated only in the later part of 1991,

B In Kala Shah Kaku (Punjab, Pakistan), issues of
tillage and seeding for rice and wheat are being
studied interactively with concerns of weed
management and wheat duration. Findings from
the rice phase indicate that the benefit of control-
ling weeds (predominantly broadleaved species)
is proportionately higher for rice grown on
puddled than on nonpuddied soil.

B In Dokri/Larkhana (Sind, Pakistan), the field pro-
gram addresses rice and wheat fertilization, till-
age, irrigation, and seeding for wheat (including
tests of a New Zealand seeder and of relay seed-
ing), and the options of rice - legume - wheat
rotations. Preliminary results show that for ex-
periments on-station and in a farmer’s field -ice
yields were 7% higher when 8 t FYM/ha was
added to the recommended applications of inor-
ganic fertilizer.

B InJoydebpur (Bangladesh, simulating Chuadanga
conditions), activities examine the effects and
inieractions of puddling and nonpuddling land
management for rice with tillage alternatives for
wheat and with system fertilization.

B InDinajpur (Bangladesh), anirtegrative program
examines rice-wheat rotations that involve jute or
GM together with major nutrient and micronutri-
ent fertilization and wheat establishment,

B In Bhairawa (Nepal), experiments are evaluating
proven Chinese technologies for wheat tillage
and seeding, options for relay seeding of wheat



and of deep tillage for both rice and wheat, long-
term fertility (including effects of Zn and Bj,
pathogens, and nematodes.

B In Naldung (Nepal), experiments at elevations of
500, 1,000, and 1,500 m on terraced riceland
study the effects of wheat fertilization and culti-
vars.

B In Faizabad (India), effects and interactions are
sought among land management for rice, tillage
or seeding for wheat, duration of rice growth, and
organic fertitization. In 1991, when the monsoon
arrived very late, rice yield averaged 2.2 t/ha
across three puddling treatments cornpared with
1.6 t/ha for two nonpuddling preparations,

B InNainital (Pantnagar, India), integrative research
measures the effects and interactions for rice-
phase tillage, wheat establishment, pest manage-
ment, and NPK fertilization. Preliminary data
show that the wheat population established in
previously puddled soil was initially 24% higher
withdirect drilling than with conventional tillage;
but by 47 DAS, increasing tillering in cultivated
soil lessened this advantage to 10%, and the
aboveground DM of wheat was 5% higher and the
root fresh matter 80% higher in cultivated soil.

B In Kaul (Haryana, India), effects and interac-
tions are sought among 1) irrigation regimes for
the rice-wheat sequence (conventional regime
compared with a regime using 30% less water),
2) three combinations of rice and wheat establish-
ment, and 3) three levels of fertilization applied to
both rice and wheat (recommended rates of
NPKZn, recommended rates of NPKZn + 10t
FYM/ha, and 1.5 x recommended rates of
NPKZn). Initial measuremeiits show that the wheat
population was 18% higher from seeds drilled
into thoroughly harrowed seedbeds than from
seeds broadcast into less harrowed soil.

RICE-SOIL STRUCTURAL MANAGEMENT FOR
POSTRICE WHEAT

Emergence and growth of postrice wheat were in-
vestigated in field trials at IRRI to determine effects
and interactions of three methods of postrice tillage
for wheat seed zones in eight combinations involv-
ing three methods of wheat seeding, two seed rates,
and wheat seed zone structural amendment applied
with 5 t gypsum/ha to fieldwater during the preced-
ing rice crop. The eight trcatments were each applied
at three delayed wheat seedings with respect to rice
harvest, resulting in different regimes of seed zone

moisture and strength. The preceding irrigated rice
was grown in rows spaced alternately at 7 and 28 cm.
The 28-cm spacing allowed easy access of postrice
implements that tilled the soil and sowed the wheat
without impediment from rice roots and stubbles.

Six of the eight treatments involved a prototype
slitseeder {S). This design (improved since the 1990
Program report) sows two rows of wheat 10 cm apart
within the 28-cm interstubble spaces. The seeder
was used in nontilled (TO) soil, in soil rototilled
between stubbles (T1), in soil previously treated
(G1) or not treated (GO) with gypsum, and with
wheat seed rates of either 60 or 120 kg/ha. The six
selected combinations were S-T0-G0-60, S-T0-GO-
120, S-T1-G0-60, S-T1-G0-120, S-T0-G1-60, and
S-T1-G1-60. Gypsum was thus evaluated in both
tilled and nontilled soil, but only at the lower seed
rate, where its prospective benefit in enhancing
cmergence would be more beneficial. A seventh
treatment, M-T1-GO0-120, provided manual seeding
(M) against which to evaluate the prototype seeder.
The cighth treatment, PBH-GO-120, involved the
traditional farmers’ method of plowing, broadcast-
ing wheat seed (at 120 kg/ha), then harrowing the
seed zone.

Seed zone moistures (vol/vol) at the three wheat
seeding dates (following rice harvest on 14 Dec
1990) were 0.46 on 3 Jan 1991, 0.46 on 5 Jan, and
0.38 on 13 Jan. For the seeder, tillage promoted
higher rates of emergence at each seeding rate and
each seeding delay (especially for the longest delay),
but emergence from the seeder was less than from
manual sowing or from the traditional plowing,
broadcasting, and harrowing, although the two latter
treatments had higher seed zone strength. Gypsum
also enhanced emergence by about 5%. (Emergence
rates for the 13 Jan sowing were influenced by
rainfalls of 7 and 8 mm on 14 and 15 Jan.)

Forall treatments, average values for plant-popu-
lation density at emergence were adequate for wheat
production, but with mechanized seeding, more than
30% of the seeded area had unseeded sections (gaps
along seedrows) of 10cmor more. Afteremergence,
alftreatments were irrigated to return the soil to field-
capacity moisture whenever one-half of the plant-
available soil water in the root zone was calculated to
have been depleted. This irrigation allowed subse-
quent v neat tillering and culm survival to achieve
meae than 6 million culms/ha (MC/ha) at maximum
tillering and about 4 MC/ha at harvest on all treat-
ments. Tillering was somewhat less without tillage,
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and was highly variable-—only a sraall part of the
variation r=lated to variation in emerged plant popu-
lation. (The relations of wheat population density at
harvest to those at plant emergence and at maximum
tillering were consistent with those determined at the
same site in 1990.) Irrigation also helped maintain
soil strength below 0.3 MPa throughout the season in
the 0- to 0.2-m depth. Root-length density (for all
treatments and seeding delays) was 0.2-1.5 cm/em?
in the 0- 10 0.2-m depth and 0.02-0.3 cm/cm* in 0.2
to 0.7 m,

Grain yields averaged over all tillage, seeding,
and gypsum treatments were about 1.7 t/ha for the
earlier sowings and 1.3 t/ha for the later ones. Be-
cause of late-December rains, the first sowing (3 Jan)
was later than intended and was so close to the
second sowing in timing, seed zone moisture, and
wheat growth that yields of the first and second
sowings in each treatment were combined. For ear-
lier sowings, and formechanized seeding only, yield
from 120 kg seed/ha was 2.06 + 0.07 t/ha—I18%
higher than the 1.74 £ 0.05 t/ha achieved with 60 kg
seed/ha.

For the third sowing (13 Jan), the higher seed rate
again produced 18% more grain: 145 + 0.08 t/ha
compared with 1,23 2 0.08 t/ha for the lower rate. At
the higherrate, and averaged over all seeding delays,
shallow rototillage (T1) increased yield over TO by
only 3+5%,but T1 increased yield by t 3£ 5% at the
lower seed rate.

Yields were not affected by gypsum. In contrast
to findings at the samc site in 199G, traditioral
plowing, broadcasting, ard harrowing (PBH) pro-
duced the least grain among the 120 kg seed/ha
treatments: 1.63 + 0.22 t/ha for caiy : owings and
1.26 = 0.11 t/ha for later ones. T1 with marual
sowing of 120 kg seed/ha viclded less (1.75 £
0.05 t/he) than mechanized sceding in earlier sow-
ings, but was comparable (1.49 £ 0.12 t/ha) in later
ones. Mechanized seeding achieved yields in excess
of 2.0 t/ha despite the gaps along rows of emerged
seedlings.

Wheat duration was not constant for all trea*-
ments with the same sowing date because heavy
March rains caused lodging and enforced a prema-
ture harvest for some plots. However, the varying
duration allowed us to analyze wheat grain produc-
tion for each day of plant duration (sowing to har-
vest) in the field. The production rate was highest for
durations of 76-80 d, which were 10-14 d iess than
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the nominal 90-d duration for the wheat cultivar we
used, and was 10% less than maximal at 67- and
88-d duration.

Effects of tillage, gypsum, and delayed sowing on
seedling and plant growth (as separated from effects
on seeding emergence) can be determined more
effectively through analyses of yield/millionemerged
plants (Y/MEP) or of yield/million harvested culms
(Y/MHC) than through yield/ha. For all sowing
delays, Y/MEP was highly variable among treat-
ments, and was sub. ' ntiaily higher for 60 than for
120 kg seed/ha. For early sowings, PBH gave higher
Y/MEP than other treatments with a seed rate of 120
kg/ha, except during the third sowing (into drier
soil). Gypsum gave a slight increase in Y/MEP for
the third sowing, but not for the earlier ones.

Y/MHC was much less variable than Y/MEP,
reflecting the influence of compensatory tillering.
Y/MHC was not affected by tillage at either seeding
rate, but was increased by gypsum at the lower seed
rate.

NEXT STEPS
During 1992, the International Collaborationin Rice
-Wheat Research shall pursue its program in diag-
nostics and monitoring—including diagnostic sur-
veysin Bangladesh (Chuadanga and Dinajpur), India
(Haryana), and Nepal (Naldung). I* will hold an
advanced workshop (Kathmandu) to define and stan-
dardize procedures for on-farm monitoring and
analysis in relation to sustainability, and to analyze
(by the standardized procedures) two extensive data
sets recently gathered in monitoring programs in
Sind and Punjab (Pakistan). We shall conclude
ongoing analyses for India and Nepal with analysis,
synthesis, ani! interp:etation of national and district
statistics for rice-wheat production and productivity.
We will then compile data bases for Pakistan,
Findings trom the diagnostic and monitoring
activities shah continue to guide the objectives and
activities of the scveral multifactor field studies. The
studies are conducted in the nine lead centers and are
addressing in an integrative manner the various
constraints to rice-wheat productivity and sustaina-
bility. The 12 million ha of roughly contiguous rice-
and wheat-growing arcas of South Asia represented
by the lead centers comprise a major =coregional
system—this ecoregional perspective will be recog-
nized and featured in future planning (both scientific
and administrative) of the Collaboration.



Global climate change and rice

Policymakers and scientists have become increas-
ingly concerned with global environmental issues.
As a result of stratospheric ozone depletion, greater
penetration of ultraviolet-B (UV-B) radiation has in-
creased CO, and CH, concentrations in the atmos-
phere, which may cause temperatures torise through
the greenhouse effect.

This project addresses two major questions: how
will global changes affect rice production and how
does rice production affect global climate change?
Last yeai’s report included initial results of research
on the effects on rice of ambient UV-B radiation an
high temperature stress. This report will focus on
CH, emissions from flooded rice soils and rice
ecosystem modeling activities.

METHANE EMISSIONS FROM FLOODED RICE SOILS

Atmospheric CH, concentration has increased about
1% annually to 1.7 ppmv during the last three dec-
ades. About 500 million t of CH, is emitted annually
into the atmosphere. Global CH, emis<ion has to be
reduced because CH, contributes significantly to the
greenhouse effect, it is an important sink for the
atmosphere’s cleaning agent (OH radicals), and

oxidation of CH, in the stratosphere provides a
pathway for enriching the stratosphere with H,0 and
resulting ice crystals, which catalyze O, destruction.

Flooded ricelands are a major source of atmos-
pheric CH,. CH -producing bacteria thrive in flooded
soils, and rice plants conduct CH, from the soil to the
atmosphere. CH, cmissions increase whenever rice
growth increases. The challenge is to develop tech-
nologies that increase rice yield and reduce CH,
emission at the same time. Before mitigation options
can be developed, we have to identity the mecha-
nisms that control CH, fluxes in ricefields and we
have to reduce uncertainties about the strength of
CH, sources.

Ricefields are estimated to emit 40 million to
100 million t of CH, into the atmosphere each year.
This is 10-20% of the total annual CH, emission
from all sources. Estimates of C cycling indicatc that
Asian ricefields may emit up to 63 million t of CH /
yr. The estimate is reduced 1o 47 million t (Table 32)
if different CH, production potentials for various soil
types are taken into consideration. These estimates
do not include ebullition of CH, through disturbance
of rice soil during cultivation practices.

IRRI and the U.S. Environmental Protection
Agency started a collaborative research project on

Table 32. Estimated methane emission from Asion wetland ricefields based o1 € inputs and

modifying soil properties.

Annual

Annual methane

Country Harvested Rough rice Annual methane emission

rice area  production C inpute emission modified by
(km?) {million t/yr)  (million t) (million t}  soil properties

{million t)
Bangiadesh 97,216 22,7 10.3 4.1 3.96
China 321,499 174.7 53.3 21.3 14.71
India 428,545 92,4 46.4 18.5 14.54
Indonesia 79,438 40.5 11.3 45 3.54
Japan 13,707 13.4 25 1.0 0.80
Kampuchea 10,113 2.0 0.9 0.4 0.35
Democratic People's 10,403 8.0 1.9 0.8 0.56

Republic of Korea

Republic of Korea 6,644 6.2 1.3 0.5 0.43
Laos 3,525 1.2 0.4 0.1 0.08
Malaysia 5,895 1.7 0.7 0.3 0.17
Myanmar 40,048 14.0 49 20 1.39
Nepal 6,589 27 0.7 0.3 0.18
Pakistan 18,513 4.9 21 0.8 0.41
Philippines 25,464 8.9 3.0 1.2 0.82
Sri Lanka 7,331 2.4 0.9 0.4 0.25
Taiwan 6,358 2.3 1.1 0.4 0.42
Thailand 92,366 19.2 9.5 38 2.24
Vietnam 58,219 15.4 6.7 2.7 1.84
Total 1,231,874 432.6 157.9 63.1 46,69

#15% of straw, 100% of roots, 100% of aquatic biomass (algae and aquatic weeds), and 50% of weeds are
returned. Organic amendments are not included. 30% of returned C is transformed to CH,.
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CH, from ricefields with the Fraunhofer Institute of
Atmospheric Environmental Research, Louisiana
State University, and the Agricultural University of
Wageningen. In a greenhouse experiment to deter-
mine the effect of soil properties on CH, production,
seven soils from different rice-growing areas were
collected, set in greenhouse pots, planted to IR36,
and kept flooded to 5 cm. Soil solution was anoxi-
cally drawn by gravity to monitor chemical and
electrochemical changes. CH, production from
undisturbed soil cores was determined by a gas
chromatograph witha flame ionization detector using
a Porapak N column.

The pattern of CH, production is influenced by
initial soil pH, organic matter, and anoxic soil condi-
tions. High pH favors CH, production. Alkali and
neutral calcareous soils produced CH, shortly after
flooding although the Eh of the soil solution was
greater than -200 mV. In acid soils, CH, production
began later but lasted longer. Peak CH, production in
the calcareous and acid soils was attained at a soil
solution Eh less than 100 mV and pH near neutral
(Fig. 12).

In another greenhouse study, the ciiect of electric
conductivity on CH, production in a Tropudalf soil
{(Maahas clay) planted to IR72 was determined. The
addition of NaCl salt slightly delayed CH, produc-
tion, but the effect did not persist (Fig. 13). CH,
production in naturally saiine soils may be sup-
pressed by related sulfate concentrations rather than
by electric conductivity.

We commenced baseline measurerents of CH,
in an irrigated wetland soil (Maahas clay, pH 6.4,
1.57% organic C, CEC 37.3 meq/100 g) using a
24-h closed chamber measuring system. Treatments
were four modes of urea fertilizer application; T1 =
broadcast at transplanting, T2 = broadcast and incor-
poration at final harrowing, T3 = broadcast 10d after
transplanting, T4 = deep placement of urea super-
granule at transplanting; no N fertilizer at later
growth stages. CH, emission rates {10-50 mg /m?
per d) were low because of prolonged presubmer-
gence and low rice growth —straw yields inside the
chambers were equivalent to 1.8-2.8 t/ha. Soil pH
was constant at about 7, soil redox potential varied
from 0 to 100 mV, and soil temperature in all
treatments ranged from 29 °C during early growth
stages to 26 "C after flowering. The mode of emission
was similar under all treatments. Emission rates
were lowest in T1, which also gave the lowest rice
yields.
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13. Kinetics of soil-entrapped methane in NaCl-salinized soil.

Future plans. Research will continue to investi-
gate theeffects of N fertilizer application methods on
CH, emission in irrigated fields. Effects of organic
amendments, water regimes, and cultivars will also
be studied.

Environmental conditions in the Philippines rep-
resent only a small spectrum of rice ecosystems.
Therefore, in national research systems representing
major rice ecosystems and subecosystems, addi-
tional activities will be established with funding
from the United Nations Development Programme.

RICE ECOSYSTEM MODELING—INSECTS

Global climate change can affect rice pests and
diseases. Rice ecosystem modeling activities have
combined experimental and simulation approaches
to assess the effect of increased temperatures on the
distribution of BPH.
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Phytotron experiments showed no significant
differences in mean longevity in the 25-35 °C tem-
perature range (Table 33). At 40 °C and above,
however, longevity was reduced dramatically. No
BPH survived more than 24 h at 45 °C, High tem-
peratures also reduced oviposition, with 30 °C ap-
pearing to be optimum (Fig. 14).

We compared the abilities of different BPH popu-
lations to survive high temperatures. The time re-
quired to kill 50% of a population exposed to a
constant lethal temperature was the szme for all BPH
populations reared on different rice cultivars (Table
34). The macropterous female was most tolerant of
high temperatures.

Pest data collected in the Republic of Korea from
19801t0 1989 were used to construct a data base in the
Spatial Analysis System. Topographical base map
layers were constructed based on 250- x 250-m
interval readings of elevation. Polygons of county
and provincial borders were constructed separately
(Fig. 15). Polygons were reclassified and catego-

Table 33. Mean longevities of brachypterous BPH aduits
at different temperatures.

Temperature Mean longevity + SE*
(°C}) Sex (d) Maximum
25 M 10.06 + 1.76 22
F 14.10 + 2.08 27
30 M 7.72 £ 1.06 18
F 15.12 £1.97 35
35 M 8.46 £ 1.33 17
F 12.72 £ 1.69 23
40 M 2,58 +0.64 7
F 2.32 +0.56 9

“SE at 95% CL.

Table 34. LT, values of BPH from 3 rice cultivars.

Insect, cultivar L(.Lsf' Fiducial limits  Slope
3d instar
TN1 22.8 17.9- 31.8 25
Mudgo 241  186- 359 2.4
ASD7 246 18.1- 421 20
5th instar
Tral 27.3 25.1- 30.2 4.6
Mudgo 32.2 29.4- 36.8 4.8
ASD7 34.2 30.6- 40.5 4.2
Brachypterous female
TN1 19.4 10.6- 27.8 5.4
Mudgo 13.7 10.9- 16.6 6.1
ASD7 145 11.6- 175 6.1
Macropterous female
TN1 55.5 44.9-107.1 35

‘Time required to kill 50% of a population exoosed to a constant
lethal temperature.

rized according to climatic conditions, cultural prac-
tices, and regional environments,

The 10-yr data of daily trap catches and pest oc-
currences in rice from 138 pest surveillance stations
were used to build thematic map layers. The layers
were overlaid and analyzed using climatic and to-
pographical map layers to identify zones where pest
problems were greatest,

Both spatial and temporal BPH patterns were
displayed using the geographic information system.
Contingency analysis of map layers showed that
areas with greater BPH densities were closely re-
lated to zones of early season immigration (Fi g. 16).
High temperatures after immigration also favored
BPH outbreaks. Annual spatiai distributions were
analyzed for striped rice borer and rice water weevil.
Spread of the weevil, which recently invaded the
Republic of Korea, was related to wind speed and
direction and to topography. High risk zones for the
rice water weevil were identified by overlaying
related map layers. The finding awaits validation
from pest surveillance.

Future plans. Research will investigate other
insect pests and the extrapolation of the geographi-
cal information system to larger areas, and will link
pest incidence maps with predictions of rice crop
yield loss.

Technology-environment interactions

HEALTH IMPACT OF PESTICIDE USE

For a comprehensive assessment of the impact of
pesticide use in the Philippines, environmental and
health data from selected pesticide-exposed farms
and farmers in Laguna and Nueva Ecija and from
control farms and farmers in Lucban, Quezon, were

Eggs (mean no./femals)
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14, Effect of temperature on BPH oviposition.
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15. Topographical base map of pest data in the Republic of Korea.

intensively and extensively monitored from 1989 to
1991. Twelve biological, medical, and social scien-
tists worked together on the same sample of 56
Laguna farms or farmers, 57 Nueva Ecija farmers,
and 39 Lucban farms or farmers.

Results of environmental impact analysis showed
no detectable residues in the soil, surface water, or
grains from the Laguna or Lucban ficld samples.
However, results indicated leaching of monocroto-
phos, endosulfan, and chlorpyrifos into the ground-
water, and residues of at least one of these insccti-
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cides were detected in six of the seven artesian wells
monitored in Laguna. We detected monocrotophos
residues ranging from 0.1 to 1.84 pg/mlin one weil.
That amount exceeded the acceptable daily intake of
3 x 10 mg/kg of body weight. Well water is used as
drinking water.

Health impact results showed that eye, dermal,
neurologic, hematologic, pulmonary, and gastroin-
testinal problems are associated significantly with
long-term pesticide exposure (Table 35). We suspect
that cardiovascular problems are also associated



Hoppers per Day

TR < 0.1
gl oz - 1.0
HEl 10 - 4.0

- 1.0
- 8.0
- 128.0
- 1024.0

16. Early immigration zones of the brown planthopper in the Republic of Korea.
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with long-term pesticide exposure but evidence for
thisremains inconclusive because of the small sample
size in the younger age group of the control (Table
36). The percentages of abnormal findings in the
Nueva Ecija and Laguna (exposed) samples was
significantly higher than in the Lucban (unexposed)
samples, particularly for pterygium, nail pitting,
eczema, polyneuropathy, bronchial asthma, anemia,
and chronic gastritis. Health costs were statistically
the same for the pesticide-exposed groups ($110 for
Laguna and $113 for Nueva Ecija) but significantly
higher than those of the control group ($69 for
Lucban).

The incidence of pterygium eye problem was
much higher in the exposed group (67% in Nueva
Ecija and 25% in Laguna) than in the control group
(10% in Lucban). This is especially significant as the
control is a relatively aged group and, if other factors
were equal, could be expected to show a higher
incidence. Forat least 5 yr, the exposed farmers have
been using phenoxy herbicides and acetamide, herbi-
cides known to be moderately irritating to the eye.
Age-group analysis showed that nonc of the three
farmers younger than 40 in the control group had
pterygium, while 7.14% of the Laguna farmers and
44.44% of the Nueva Ecija farmers were affected.

Table 35. Prevalence of health impairments by organ system among sampled Lucban
(Quezon), Laguna, and Nueva Ecija farmere.

Prevalence
Health indicator Control Exposed
Lucban Laguna Nueva Ecija
no. % no. % no. %
Eye 4 10.53 a 14 2500 b 38 66.67 ¢
Pterygium 4 10.53 a 14 25.00 b 38 6667 ¢
Dermatologic system 0 0.00 a 8 1429 b 26 4561 ¢
Nail destruction 0 0.00a 0 0.00a 21 3684 b
Eczema 0 0.00 a 8 1429 b 7 1228 b
Respiratory system 9 23.08 a 27 48.21 b 26 4561 b
Bronchial asthma 0 0.00a 9 16.07 b 4 7.02 a
Abnormal findings: 9 2308 a 23 4107 b 23 4035 b
Decreased breath 4 10.26 a 20 3571 b 8 14.04 a
sounds
Harsh breath sounds 0 0.00a 3 5.36a 5 8.77 a
Coarse rales 4 10.26 ab 2 3.57a 11 19.30 b
Decreased chest 1 256a 6 1071 b 0 0.00 a
expansion
Decreased percussion 0 0.00 a 1 1.79a 0 0.00 a
Rhonchi, base 1 2.56a 0 0.00a 0 0.00 a
Chest tenderness 0 0.00 a 0 0.00a 1 175 a
Cardiovascular system 18 46.15 a 28 50.00 a 28 49.12a
Elevated blood pressure 9 23.08 a 14 25.00a 12 21.05a
Abnormal electro- 13 33.33a 19 33.93a 21 36.84a
cardiograph
Gastrointestinal tract 0 0.00 a 32 57.14 b 5 8.77 a
Chronic gastritis 0 0.00 a 32 5714 b 5 8.77 a
Kidney 1 2,56 a 24 4286 ¢ 15 2632 b
Elevated blood urea 0 0.00 a 1 1.79a 1 1.75a
nitrogen
Elevated creatinine 0 0.00a 7 1250 b 4 7.02 ab
Albuminuria 0 0.00a 6 1111 b 7 1228 b
Hematuria 1 2.56a 18 3333 b 6 1053a
Neurologic system 10 25.64 a 16 28.57 a 20 35.09a
Polyneuropathy 0 0.00 a 3 5.36 ab 6 1053 b
Isolated hypo/hyper/ 10 26.32 a 13 23.21a 14 2456a

areflexia

*In a row, percentages with acommon letter are not significantly different at & = .05 using x? test or Fisher's

exact test.
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Table 36. Percentage by age group of ECG impairment in subjects exposed to pesticides
(Laguna and Nueva Ecija) and in a control group.*

Laguna {exposed)

Lucban (crtrol)

Nueva Ecija (exposed)

With With With
Age (yr) no. impairment no. impairment no. impairment
no. % no. % no. %
<40 28 8 28.57 3 0 0.00 18 7 38.39
40-49 8 3 37.50 13 4 3C.77 13 5 38.46
> 50 20 8 40.00 23 9 39.13 26 9 34.62
Totalor 56 19 3393 39 13 3333 &7 21 36.84
average

‘Relative risk: Laguna/Lucban = 1.15 ns, Nueva Ecija/Lucban = 1.09 ns. ns = not significant by Mantel

Haenszel chi-square test at 0.05.

The relative risks of 3.48 (Laguna) and 7.10 (Nueva
Ecija) showed a strong causal association between
pesticide use and the development of pterygium.

Almost half (45%) of the Nueva Ecija sample
showed derraal impairments compared with 14.29%
of the Laguna farmers and none in the Lucban group.
None in the Laguna or Lucban samples exhibited
nail destruction which was evident in 36.84% of the
Nueva Ecija group. Nail destruction may be due to
the organotine used as molluscicide. Snails are more
abundant in Nueva Ecija. In Laguna and Lucban,
snails are removed manually,

None of the control group had polyneuropathy
while 5% of the Laguna and 10.5% of the Nueva
Ecija samples suffered from it. There is a significant
difference between the results for Lucban and Nueva
Ecija. Taking alcohol consumption into account
reduces the Nueva Ecija percentage to 7.69.

Thirty percent of the Laguna sample had signifi-
cantly low hemoglobin levels compared with 10% of
the Nueva Ecija sample and 8% of the Lucban
sample. Only the Laguna farmers used lindane, an
organochlorine, which is suspected to be hemato-
toxic. Stratification controlling for intestinal para-
sites showed a relative risk of 4.75 for Laguna over
Lucban—this is statistically significant at the 0.05
level. Farmers who used at least one item of protec-
tive gear (clothing, mask, or gloves) had signifi-
cantly higher hemoglobin levels than those who used
none.

Of the Laguna sample, 4% had lower baseline
cholinesterase levels than those of Lucban and Nueva
Ecija. A total of 56% of the Laguna sample showed
cholinesterase depression in the first monitoring

period and 61% in the second. Farmers who had 30%
or greater depression showed that drinkers and
nondrinkers in the second monitoring showed di-
minishing patellar tendon reflexes, nausea, vomit-
ing, and sluggish pupillary reflexes—all are symp-
toms of acute pesticide poisoning. Stratification for
alcohol consumption showed that drinkers and non-
drinkers exhibited similar trends of cholinesterase
depression.

There were no significant differences in the elec-
trocardiograph (ECG) tests among the farmers of the
three sites (Table 36). None of the under-40 age
group in Lucban had abnormal ECG findings, while
38% in Nueva Ecija and 29% in Laguna did. Young
males generally handle the task of pesticide applica-
tion and our results show that they face an abnor-
mally higherrisk of cardiac problems. However, this
finding is inconclusive because the sample is small.

Bronchial asthma affected 16% of the Laguna
sample, 7% of that in Nueva Ecija, and none in the
Lucban sample. After adjustments for tobacco
smoking, the figures are 21% for Laguna, and zero
for Nueva Ecija and Lucban. Considering other
pulmonary impairments, the relative risk was 2,
which indicates a 100% increase in risk for pesticide
users.

More than one-half (57%) of the Laguna sample
had chronic gastritis. This is significantly higher
than the 9% for the Nueva Ecija sample. Kidney
disturbances were reported for 43% of the Laguna
sample, 26% of the Nneva Ecija sample, and 15% of
the Lucban sample.

Endosulfan and 2,4-D are used by the Laguna and
Nueva Ecija groups. That Laguna farmers employ
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Table 37. Summary of soil properties® measured in Laguna and Lucban ricefields.

Laguna®

Lucbanc

o N P pH Fe

H,0 c N P pH Fe H0

Mean 23 0.23 30 63 1.1
Max 3.8 033 81 75 23
Min 1.5 0.15 2 54 03

105 25 0.28 9 52 3.6 162
183 3.2 0.62 74 1.2
51 1.8 0.8 2 45 08 98

59 383

*C = % organic C, N = % organic N, P = available Olsen P, Fe = active Fe {(ppm), H,0 = soil moisture % on
a dry weight basis. *Sampling was conducted at the end of the 1989 GS and the beginning of the 1989 WS,
Available Fe was analyzed only in WS. <Sampling was conducted at the beginning and end of the 1991

DS.

greater amounts of these chemicals may explain
their higher rate of renal impairment.

Conclusions and future plans. Health exter-
nalities caused by pesticide use dominate the envi-
ronmental effects. Pesticides that might be linked
with health impairments include certain organo-
phosphates, organochlorine, organotine, and phe-
noxy herbicides, which the exposed farmers have
used for an average of 5 yr.

Previous results showed that the net impact of
pesticides on farm productivity is negative when
health effects are explicitly accounted for. The addi-
tion of the Nueva Ecija sample in the study con-
firmed this finding and thereby showed that the rate
of return to general rice research will be overesti-
mated if health effects are not considered, while the
returns to research that reduces pesticide use will be
underestimated.

A study was designed to determine the cost effec-
tiveness of training in overcoming pesticide-related
health problems. Itis hypothesiz=d that tiained farm-
ers would practice safety precavtions, have fewer
ilinesses, incur lower health expenses, and conse-
quently have better farm productivity than those
without tratning. An 18-h, 3-d experiential training
program was conducted for 57 farmers and laborers
from Nueva Ecija. Before and after the training,
baseline cholinesterase and physical examinations
were done. The training program focused on pesti-
cide toxicity, necessary health measures and safety
precautions, and first aid measures specific to pesti-
cide poisoning. Training modules and materials
generated will be transferred to PhilRice for future
farmer training.
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AQUATIC OLIGOCHAETE POPULATIONS IN RICE
SOILS FROM TWO AREAS OF THE PHILIPPINES
Aquatic oligochaetes are involved in the nutrient
cycling processes of ricefields through translocation
and mineralization, yet field studies concerning these
organisms are scarce. Little is known about the den-
sities, distributions, dynamics, and composition of
their ficld populations. To assess the environmental
and health impacts of pesticide use in rice produc-
tion, aquatic oligochaetes were investigated in se-
lected ricefields of Laguna (32 fields) and Lucban
(30 fields). The multidisciplinary study was carried
out under a scientific agreement between IRRI, the
Natural Resources Institute (UK), and ORSTOM.

The investigation aimed to determine population
densities and compositions in ricefields of the two
areas, and to identify the effects of agricultural
practices and soil properties (Table 37). Agricultural
practices were monitored by IRRI’s Social Sciences
Division through interviews with rice farmers.

In Laguna, agrochemical regimes varied consid-
erably between farms. In Lucban, fertilizer use was
generally low and the only pesticides applied were
rodenticides.

Although species compositions differed between
areas and among farms, the Tubificidae Limnodrilus
hoffmeisteri andfor Branchiura sowerbyi were typi-
cally dominant in both areas (Fig. 17). The highest
aquatic oligochaete population density (44,000/m?)
was recorded in a field in Lucban; however, popula-
tion densities were considerably higherin Laguna, A
population density of 44,000/m* was estimated to
represent an oligochaete biomass of 780 kg fresh
weight/ha.



L. hoffmeisteri

L. hoffmeisteri

Others

B. sowerbyi

Laguna Lucban

17. Composition uf aquatic oligochacte species in rice soils
sampled in Laguna and Lucban.

At the Laguna sites, aquatic oligochaete popula-
tions were positively correlated with soil organic C
(p<0.001), soil moisture content (p<0.001), and
quantity of N fertilizer applied (p<0.005). Soil or-
ganic C below 1.75% and soil moisture below 80%
at the time of sampling were apparently limiting. No
relationships were found between pesticide use
(frequency, quantity, or type) and oligochaete popu-
lation density. No relationships were found between
soil texture and aquatic oligochaete populations at
the Laguna sites.

At the Lucban sites, no correlations were found
between soil properties measured or agrochemical
use and oligochaete population densities. Population
densities higher than 2,000/m* developed only in
soils with a pH greater than 6. All soil organic C and
soil moisture content values in Lucban were above
the critical levels identified in Laguna. Soil texture
was not determined on the Lucban farms.

Significantly different aquatic oligochaete popu-
lations and agroecological conditions were encoun-
tered within and between the two areas. Evidence
suggests that populations can be limited by soil
organic matter, moisture content, and pH but that
they could be promoted, probably indirectly, by the
application of N fertilizer. In riceficlds where the
parameters discussed are not limiting factors, aquatic
oligochaetes can develop dense populations and
they probably con.ribute significantly to the translo-
cation and mineralization of nutrients.

To verify the findings, we will extend the study to
an area in Central Luzon where pesticide usage is
higher.
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Rainfed lowland rice ecosystem

More than 75% of the 40 million ha of rainfed
lowland rice area is in South and Southeast
Asia. Unlike irrigated areas, rainfed lowlands
are characterized by hydrologic complexity
and variability. Only about one-fifth of rain-
fed lowlands in South Asia and one-third in
Southeast Asia have favorable crop growing
conditions, the rest being prone to varying
degrees of drought, flood, or drought and
flood. These hydrologic characteristics have
a profound impact on land use and produc-
tivity. Poor soil fertility and low farmer
resource base also contribute to the low
yields prevailing in rainfed lowland areas.
However, recent research suggests that
riceland productivity can be increased sub-
stantially in these areas.

The adequate understanding of the physi-
cal and socioeconomic parameters and
processes that condition the farmers' use of
ricelands and production inputs, and the
identification of the major constraints that
limit productivity are at the core of research
planning in this ecosystem. Research to
develop technologies for relieving the con-
straints will have to be directed not only
toward economically attractive alteinatives
for the generally resource-poor farmers, but
also at environmental sustainability. Clearly,
a multidisciplinary approach with a systems
perspe” “ve is needed for addressing such
problems. The rainfed lowland rice ecosys-
tem program is organized to enhance the
multidisciplinary approach in its research.

In 1991, the program’s six projects were
consolidated into four. Two projects are now
under subprogram | and two under subpro-
gram |l
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The Rainfed Lowland Rice Consortium
became operational during 1991, with seven
key sites in five countries: Bangladesh, India
(2 sites), Indonesia, Philippines (2 sites), and
Thailand. One season of planned research
has been completed at all key sites.

Subprogram I: Sustainable
resource management

Resource management for enhanced
productivity

DRy SEEDING TECHNIQUE FOR

RAINFED LOWLANDS

The farming practices of 31 randomly selected farm
samples in a large contiguous rainfed area in Ur-
biztondo, Pangasinan Province, Philippines, were
studied for 2 yr to analyze the technologies used for
rice and other crops. The site has a unimodal rainfall
pattern with a yearly rainfall total of about 2,000 mm,
more than 90% of which falls from May to October.

About 40% of the farmers grow only wet season
(WS) rice. Approximately one-third of the rest grow
rice - mungbean; one-third, maize - rice; and one-
third, maize - rice - mungbean. Maize is usually
grown before rice on most of the farm. Mungbean is
grown in the well-drained, higher topographic half
of the farmland.

Dry seeding of rice in dry-plowed fields is the
most promising new technology for improving rice-
land productivity. About one-third of the farmers dry
seed rice. They dry-plow during May or June. Dry
plowing is accomplished faster with custom tractor
service, but this service is not necessary for the new
technology. About half the farms are plowed by
custom-hired tractors, while the rest use animal draft
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power. Animal draft is a slightly cheaper power
source, but takes 4-5 d longer per hectare.

In 1991, dry seeded rice (DSR) was established 7-
8 wk before transplanted rice (TPR). This allowed
DSR to use about 360 mm of premonsoon rains
before TPR was established on the field. resulting in
higher water use efficiency in DSR. On the average,
DSR was harvested about 20 d before TPR. Conse-
quently, a more favorable hydrologic environment
was created for a postrice mungbean crop at this site.
In 1991, these farms had about 140 mm more rainfall
in the postrice season than did the transplanted
farms. Almostall farmers who grow rice - mungbean
dry sceded their rice, which indicates their under-
standing of the advantage of dry seeding to facilitate
intensified cropping.

Weed control is the biggest challenge for DSR.
Until recently, use of DSR technology was unattrac-
tive and yields were low because of difficulty in
weed contrel. However, it has become evident that
herbicides can effectively control weeds in DSR. In
1991, about 70% of the dry seeded farms used
herbicides, applied higher amounts of fertilizer in-
puts than the no-herbicides farms, and achieved an
average yield higher by about 1.5 t/ha.

For comparable fertilizer inputs, DSR is produc-
ing 0.6 t/ha higher average yields and higher income
(about $95/ha higher net returns) than TPR at the site
(Table 1).

DSR technology shows high potential for in-
creasing productivity in terms of both rice
qyield and cropping intensity in rainfed lowlands
where drought is a major limiting factor. Future
research will focus on

Table 1. Comparative costs and returns of dry seeded
rice (DSR) vs transplanted rice (TPR). Urbiztondo,
Pangasinan, Philippines, 1991 wet season (WS).

Dry Trans-
Iltem seeded planted Difference?
(n=11) (n=15)
Rice yield (t/ha) 3.4 2.8 0.6
Total value of output® 501 422 79 ns
($/ha)
Total paid-out costs 164 201 (37)*
($/ha)
Total variable costs 395 412 (16) ns
($/ha)
RAPC< ($/ha) 337 221 116**
Gross margin ($/ha) 106 1" 95

“Significant at 5% (**} and 10% (*) levels by t-test. ns = not
significant. ®US$1 = P26.00. ‘Returns above paid-out costs.

8 assessing the risks and rewards of the different
cropping systems,

W determining the specific factors resporsible for
higher yields of DSR, and

W evaluating the constraints to wide-scale adoption
of the promising component technologies that
allow higher farm productivity and income.

BENEFITS OF CROP MANAGEMENT BY BEUSANI
Incrop management under the heusani system, which
is widely practiced in eastern India, fields are wet-
plowed at 30-50 d after emergence (DE) when
5-10cm of water has accumulated in the field. Fields
are then planked. Seedlings zre redistributed, and
fields are hand weeded. Beusani is reported to con-
trol weeds, improve root growih, aerate and loosen
soil, improve crop nutrition, reduce water loss, and
increase resistance of rice to insects and environ-
mental stresses. We investigated these claims, and
found that the soil-loosening effect of wet plowing
through seedlings was temporary, as evideaced by
lower soil penetration resistance in recently plowed
thanin previously plowed plots. Soil strength tended
to revert gradually to its preplowing level. Surpris-
ingly, the soil-loosening effect of beusani was not
confined to the layers plowed, but extended to 35-cm
depth. Wet plowing temporarily reduced root length
density—probably a direct effect of root pruning—
but stimulated root regrowth so that root length
density in plowed plots exceeded that in unplowed
treatments. Rice roots recovered and benefited from
the loosening of soil brought about by plowing up to
40 DE, but wet plowing may be detrimental if it is
done too late.

The reduction of soil strength to 35-cm depth and
the resultant improved root elongation may increase
the drought tolerance of beusani over nonbeusani
rice. In this experiment, however, fields were kept
flooded after wet plowing so any such advantage
could not be observed. This question will be the
subject of future research.

PERCOLATION BARRIERS IN

WELL-DRAINED SOILS

Increasing rainwater utilization efficiency is a key
factor in improving rice yields in well-drained soils.
The possibility of improving water shortage by in-
stalling subsurface percolation barriers using poly-
cthylene sheets was evaluated at the Ubon Rice
Research Institute, Thailand. The soil was an Aeric
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Paleaquult with pH 4.4; sandy (78.8% sand, 16.4%
silt, and 4.8% clay), with bulk density of 1.57-
1.67 g/cc; infiltration rate 66.6 cm/d; 0.08% organic
C; CEC 1.46 meq/100 g of dried soil; 0.02% total N;
1.0 ppm available P; and 0.02 ppm K.

Five treatments were tested: percolation barriers
installed at 25-cm (T1) and 40-cm (T2) depths,
seepage barrier on bunds installed only up to 40-cm
depth (T3), undisturbed control without bund (T4),
and undisturbed control with bund (T5). The ends of
percolation barriersinstalledin T 1 and T2 were at the
top of the bunds to eliminate seepage flow through

Water level (cm)

20

e

-10t Soil surface
-20F [ —— Barrier (40 cm)"‘
----- Barrier (25 cm)
.30}k
.40k Control‘(wnhout barrier)
71| sttt st st Wbesndiee b et Wil

1. Water levels in plots with and without subsurface percolation
barriers. Ubon Rice Research Institute, Thailand, 1989 wetseason
(WS).

the plot boundaries. Three rice crops were grown
successively from 1989 to 1990. The plots were
subdivided to compare two alternative crop estab-
lishment methods: dibbling and transplanting. Ap-
plied fertilizers were 3\ farmyard manure/ha and 50-
22-42 kg NPK/ha.

Total rainfall during the growing season was
1,430 mm in 1989 and 1,605 mm in 19%0. Through-
out the season, water accumulated on the soil surface
in the plots with barriers, but never in the plots
without barriers (Fig. 1). In 1989, treatments with
barriers produced nearly four times the total dry
matter (TDM) of those without barriers (Table 2).
Both dibbling and transplanting gave superior TDM
and grain yields in the presence of the percolation
barrier. On the average, a single rainfed crop in 1989
yielded about 1.8 t/ha and two crops in 1990 yielded
atotal of 2.7 t/ha from plots with percolation barriers.
The grain yicld was virtually zero in plots without
barriers due to severe drought stress in both years
(Table 2). The barriers increased cropping intensity,
<Jlowing two rainfed rice crops to be grown in 1990.

These results have stimulated subsequent research
at the site to deveiop percolation barriers using more
practical materials and techniques, and appropriate
economic analysis. If the technology can be made
cost-effective, percolation barriers may provide a
significant advance in rainfed rice farming in highly
percolating soils.

Table 2. Grain and total dry matter yields of DSR and TPR as affected by barriers to percolation and seepage. Ubon

Rice Research Center, Thailand, 1989 and 1990 WS.

1989 total dry matter

Grain yield (t/ha)

Treatment Soil treatment (t/ha)
no. 1989 1990
DSR TPR Average
DSR TPR Average TPR1 TPR2 Average

T1 With plastic barrier 688 5.15 6.02 1.8 1.8 1.8 1.5 1.4 3.0
at 25-cm depth

T2 With plastic barrier 772 4.86 6.29 1.9 1.6 1.8 0.8 1.6 2.4
at 40-cm depth

T3 With plastic barrier 1.61 1.46 1.54 0 0 0 0 0 0
on sides only,
40-cm depth

T4 Undisturbed control, 1.00 1.41 1.20 0 0 0 0.1 0 0.1
without bund

T5 Undisturbed control, 1.43 1.07 1.25 0 0 0 0 0 0

with bund

*Average of 3 replications. ®No data for DSR {T1 and T2 were damaged by flood, and T3-T5 by drought). Two successive TPR

crops were planted.
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INTERCROPPING GREEN MANURE WITH DRY
SEEDED RICE
Farmers who grow DSR generally broadcast rice
seed and either cannot afford fertilizer inputs or
consider their use to : ¢ risky even though DSR
responds positively to added nutrients. Green ma-
nure (GM) has been shown to increase rice yields as
it improves N availability and soil organic matter.
However, since farmers ao not generally consider
production of a separate G: 1 crop, a new system of
GM intercropped with row-sown DSR was designed.
Field experiments were conducted at IRRI; in
Muiioz, Nueva Ecija, in cooveration with PhilRice;
and in Raipur, Madhya Pradesh State, India, with the
Indira Gandhi Agricultural University. Stands were
adequate in all treatments and locations (Table 3,4,5).
Rice grown in paired rows (33-cm spacing between
pairs of rice row:. 7 cm apart) with GM incorporated

40 DE yielded more grain and took up more N than
urea application treatments. Although broadcast DSR
with beusani and urea application yielded less than
paired row DSR with GM, there was little differ=nce
between broadcast and paired row DSR when GM
was intercropped and incorporated (Table 5).
Amajorconstraint DSR farmers experience is the
short time for land preparation and sowing of rice
before the onset of heavy monsoon rains. The paired
row DSR with GM intercrop took 60-100% more
time for land preparation and sowing than broadcast
DSR (Table 5). On the other hand, postemergence
tillage (beusani) took less time in paired row DSR so
that total labor requirements were less than for broad-
cast DSR. Future research will emphasize develop-
ment of simple farm implements that will speed the
initial establishment of the paired row DSR with GM
intercrop at Rainfed Lowland Consortium sites.

Table 3. Effact of rice estaklishment, nutrition, and postemergence tillagz on stand density,
tillers at harvest, grain yield, and N uptake. IRRI, 1991 dry season (DS).

Seedling density  Tillers at Grain N uptake
Treatment 20 DAS* harvest yield at harvest
{no./m?) {no./m?) {t/ha) (kg/ha)
Paired row, GM® 341 443 4.3 70.1
Paired row, urea 330 427 3.4 60.5
Paired row, urea and trampling 336 329 3.8 64.2
Broadcast, urea and beusani 330 328 25 49.7
LSD (0.05) ns 23 0.2 6.3

*Days after seeding. *Green manure.

Table 4. Effect ofrice establishment, nutrition, and postemergence tillage on stand density,
tillers at harvest, grain yield, and N uptake. IRRI-PhilRice, Mufioz, Nueva Ecija, Philippines,

1991 WS,

Seedling density  Tillers at Grain N uptake
Treatment’ 15 DE® harvest yield at harvest

{no./m?) (no./m?) {t/ha) {(kg/ha)
Paired row, GM 330 430 4.5 88
Paired row, GM and herbicide 352 442 4.4 84
Paired row, GM and urea 338 427 4.5 92
Pairad row, urea and cono weeding 330 434 4.2 79
Paired row, urea and herbicide 355 426 4.2 84
Paired row, urea, cono weeding, and 317 430 4.4 87
additiona! urea
Broadcast, urea and beusani 324 353 3.6 64
Broadcast, urea, herbicids, and beusani 281 345 3.6 69
Pooled standard error of mean 22 15 0.1

*Cono weeding = weeding donz with a push-type rotary weeder with a cone-shaped rotor. *Days after

emergence.
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Table 5. Effect of rice establishment, nutrition, and postemergence tillage on stand density, grain yield, and labor
expense in seeding and postemergence tillage/weeding.® IRRI-Indira Gandhi Agricultural University (Indian
Council of Agricultural Research), Raipur, India, 1991 WS,

Labor expense

Seedling Grain Postemergence
Treat'ment density yield Seeding tillage/weeding

20 DAS (t/ha)

(no./m?) Labor- Bullock Labor-  Bullock

d/ha® {paid-d/ha) d/ha {paid-d/ha)
Paired row, GM 173 3.6 10.8 5.4 36.2 3.3
Broadcast, GM 159 3.6 6.4 4.7 75.4 7.6
Row (20 cm), urea, between-row 172 3.3 11.4 5.7 43.7 6.1
plowing
Broadcast, urea, beusani 1563 3.3 5.0 4.2 56.0 6.6
Row (20 cm), urea, hand weeding 177 3.3 11.4 5.7 46.3
Broadcast, urea, hand weeding 170 2.7 5.2 4.4 64.1 -
Pooled standard error of mean 12 0.2 0.5 0.5 3.0 0.3

*Does not include common weeding. !Includes human labor involved in plowing and manual seeding.

WEED POPULATION IN RELATION TO HYDROLOGY
AND WEED MANAGEMENT

As part of the Thai-IRRI collaborative research
effort, weed density was determined in five transects
in Northeast Thailand: north, middle, and south of
Ban Khu Khat; Ban Non Yai; and Ubon Rice Re-
search Center. Each transect consisted of three to-
posequence positions: upper, middle, and lower.
Transects were sampled before transplanting, and 30
and 60 d after transplanting (DT).

Before transplanting, grassy weeds (in descend-
ing order Paspalum distichum L., Cynodon dactylon
Pers., and Digitaria elongata Spreng) had the great-
est population densities. The major broadleaf weeds
were Hedyotis tetrangularic Walp., Hedyotis diffusa
Willd., Glinus oppositifolius (L.) A.Dc., and Hypris
suaveolens (L.) Poit. At this time the soil was acidic
(pH 4.3-5.9) and relatively fertile with respect to P
and K.

At 30 DT, broadleaf weeds dominated in all
toposequence positions. In addition to those listed
above, Lindernia anagallis Pennell, Ludwigia hys-
sopifolia Exell., Monochoria vaginalis Presl., and
Blyxa japonica Maxim. appeared.

A160DT, broadleaf weeds continued todominate
and some succulent weeds appeared: (e.g., Ludwigia
adscendens Hara, Utricularia aurea Lour., Ottelia
alismoides Pers., and Najas graminea Del). Thus,
numbers of weed species increased through time.

Waterdepth correlated negatively with both weed
number (» = 0.50) and weed weight (= 0.48). Thus
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weed number and weight were greatest in the upper
terrace positions in ali locations.

In Ban Non Po, Ubon, the effects of land prepara-
tion and weed control methods on weed numbers and
productivity of DSR were investigated. The major
DSR weed was Cynodon dactylon L. Hand drilling
of DSR led to significantly more tillers, less weed
weight, and greater grain yield than planting DSR
with arolling injection planter (Table 6). The highest
yields and best weed control were achieved with a
combination of herbicide plus interrow cultivation,
orherbicide plus interrow cultivation and spot weed-
ing. Overall, yields of DSR were low, but were about
equal to yields of TPR in nearby farmers’ fields.

Considering these findings, future research will
emphasize development of integrated weed manage-
ment practices.

ESTABLISHING UPLAND CROPS FOLLOWING
LOWLAND RICE IN SATURATED SOILS

Vast areas of riceland in South and Southeast Asia
remain fallow after rice is harvested. Saturated soil
conditions limit the immediate establishment of
upland crops, since conventional seeding methods
can be practiced only on drained soils with adequate
hearing capacity for tillage or seeding implements.
Saturated soils limitoxygenexchange and are chemi-
cally reduced, constraining seed germination and
growth, When seeding is delayed until the soil has
dried toan optimum moisturc content, the soil strength
of puddled riccfields greatly increases, limiting
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*Fiolling injection planter. *Hand drilling.

vertical root growth, and ultimately resulting in
severe crop water deficits.

A novel technique for establishing upiand crops
was tested in saturated ricefield soils, based on the
observation that deep planting in wet soil is feasible
in open holes because of an adequate gaseous ex-
change pathway to the soil surtace. Three field
experiments to compare the performance of
mungbean Vigna radiata (L.) Wilczek used the
“plunger planter” method of crop establishment and
alternative methods on silty clay Tropaquept in a
postrice rainfed environment at IRRI during the
1990 and 1991 dry seasons (DS).

An initial experiment in 1990 DS evaluated the
effect of seeding depth on seedling emergence and
plant productivity. Mungbean seeds were planted at
seven depths (2, 4, 6, 8, 10, 12, and 14 cm) in open
1.9-cm-diam holes, using two types of plunger planter
implement. One implement made a regular cylindri-
cal hole and the other had a sharp 5-cm point attach-
ment (Fig. 2) which provided a root penetration
channel in the soil immediately below the seed.

Planting depth did not have a statistically signifi-
cant effect on seedling emergence—emergence was
high over a wide range of plunger planting depths,
but the optimum depth was 6-8 cm (90-96% emer-
gence). The shallowest planting depth (2 cm) tended
to have the lowest seedling emergence (88-90%)
because of greater exposure to higher temperatures
from direct sunlight, and greater soil desiccation and
soil strength in the near-surface layer. The point
attachment on the plunger had no significant effect
on seedling emergence. Deep planting did not ad-
versely affect seedling emergence or plant produc-
tivity, but produced more etiolated plants,

Grain yields and TDM were not significantly
affected by planting depth or the presence of the
point attachment. Yields varied from less than 1 t/ha
with the shallowest planting depth (2 cm) to 1.2-1.7
at the deeper depths. The 6-cm depth with the point
attachment gave the highest yields (1.7 t/ha). TDM
yields conformed closely to those for grain.

A second experiment in the 1990 DS compared
the olunger plantcr technique with five other plant-
ingm thods form::;:gbean following WS rice (Table
7). The treatments were applied as soon as the soil
moisture content sufficed for implementation of
eachmethod. Therefore, the seeding date varied with
method. Plunger planting was done immediately
after field surface drainage when the soil was satu-
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2, Plunger planter without (A) and with (B) point attachnicut, and cross
scction of soil showing hole made with pointattachment (B) in between 2 rice
rows or hills. IRRL 1990 dry season (DS).

Table 7. Grain yield, toial dry matter, yield components, and othe: agronomic traits of mungbean as influenced
by method of crop establishment. IRRI, 1990 and 1991 DS.

Grain Total Ernergence Plant count Soil moisture (%)
Planting method yield dry matter (%) at harvest at Jlanting at
(t/ha) {t/ha) 10 DE* (no./10 m?) ODW* {0-10 cm)
1990 DS (Mar-May 1990)
T1 Plunger 1.6 3.7 82.5 337 49.6
T2 Furrow-hand drill 0.5 1.4 23.5 66 348
T3 Conventional 0.8 2.3 235 82 335
T4 Furrow-plunger 1.3 2.8 89.0 260 335
T8 Slit seeder 0.6 1.6 67.0 188 341
T6 Inverted-T seeder 0.4 1.5 335 109 -
F.va|ue L L] L L] Mk ¥k E 1]
CV (%) 26.5 24.3 37.4 29.9 7.2
SE 0.3 0.4 13.9 36.7 1.9
1991 DS (Jan-Apr 1991)
T1 Plunger 2.2 4.7 96.6 351 45.3
T2 Furrow-hand drill 1.8 5.1 95.2 360 43.9
T3 Conventional 1.5 5.0 95.2 345 43.6
F-value * ns ns ns ns
CV (%) 12.8 7.1 4.5 6.4 7.2
SE 0.2 0.3 3.0 15.9 2.2

‘Average 5-m row. *Oven-dry weight.

rated. The other seeding treatments were applied 4 d
later when the soil consistency and bearing capacity
became adequate.

Seedling emergence measured at 10 DE and ac-
tual plant count at harvest wcre consistently and
significantly higher in the plunger-planted treat-
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ments (82.5-89.0%) than with the other methods of
cropestablishment(23.5-67.0%)(Table 7). Atsowing
time with the plunger planter, the presence of water
on saturated soil hastened germination and emer-
gence. The lowest emergence occurred in the fur-
row-hand drill and conventional tillage treatments at



10DE and at harvest, which indicates the importance
of water availability for germination and emergence
at the seed zone, especially during emergence.

Grain yields with the plunger planting methods
(T1 and T3) were significantly higher than those
with all other crop establishment methods. The TDM
yields followed a similar trend. The highest TDM
yield was obtained from plunger-planted mungbean
on saturated soil. The contribution of yield compo-
nents to grain yield varied among the methods of
crop establishment.

On the basis of 1990 results, three treatments (T,
T2, and T3) were selected for further testing in the
1991 DS. The methodology and cultural manage-
ment practices were the same as in the 1990 DS
experiment. Grain yields in all treatments were
substantially higher thanin the 1990 trial, apparently
due to more favorable weather conditions (cooler
temperatures, lower evapotranspiration require-
ments) which enabled the crop to utilize the stored
soil moisture more effectively. In 1991, grain yields
of the plunger-planted mungbean were significantly
higher than those from the two other methods of crop
establishment. The TDM and the components of
yield were not significantly affected by planting
method.

Seeding with the plunger planter demonstrated
superior potential for establishing mungbean on
sdturated soils immediately after the harvest of the
WS rice crop. Plant emergence was substantially
better than with conventional seeding methods and
recently developed mechanical seeders. Grain yields
increased 18-220% with plunger planting, depend-
ing on the soii and atmospheric conditions. The yield
advantage of the plunger planting technique comes
partially from seeding the crop when the soil is fully
saturated, gaining time for germination and root
growth before soil strength becomes resistant to root
peneiration.

TILLAGE AND WEEDING LEVELS IN A RICE -
COWPEA CROP ROTATION

An experiment was conducted to determine the ef-
fects of crop establishment methnd (zero tillage and
conventional tillage) and weeding treatments on
weed growth and crop performance inarice - cowpea
rotation. For the conventional-tillage treatment in
rice, land was prepared by one plowing and two
harrowings with an animal. Glyphosate at 1.5 kg ai/
ha was applied 3 d before planting in the zero-tillage

plots. Presoaked IR66 seed was sown with a drum
seeder at 72 kg/ha in 20-cm rows in the convention-
ally tilled plots and dibbled at a 20- X 20-cm spacing
in the zero-tillage plots. A strip-plot design with four
replications was used.

In the zero-tillage cowpea plots, weeds and rice
stubble were cut and removed before planting. The
conventional-tillage plots were rototilled twice with
a hand tractor. Cowpea IT82D-889 was dibbled at
40- x 20-cm spacin with four to five seeds per hill.
Cowpea seedlings were thinned te three per hill after
establishment.

Tillage treatraents for rice did not affect the
dominant weed species, their biornass at 8 wk after
planting, or rice yield, but weeding treatments did
(Table 8). Reduction in weed growth caused by
2,4-D application (0.6 kg ai/ha 19 d after planting)
alone was inst “ficient to cause appreciable yield
increase. One or two hand weedings following 2,4-
D application resulted in greater yield increases.
Riceyields, which were low because of bird damage,
increased as weeding intensity increased.

Good weed control in rice resulted in less weed
growth in zero-tillage cowpea at 1 wk after crop
emergence (Table 9). Tillage for cowpea and the
subsequent drying reduced crop stand and decreased
weed emergence and growth. The tilled plots had
23% less cowpea plants than the zero-tillage plots.

Hand weeding further reduced weed growth, but
two hand weedings were required to increase yields
significantly. Cowpea yields were higher with zero
tillage than with conventional tillage.

The results indicated the feasibility of using zero
tillage in arice - cowpea crop rotation with adequate
weed control, particularly in rice. Future research
will emphasize weed problems encountered in DSR
in both rice - fallow and rice - upiand crop systems.

Integrated nutrient management

Integrated nutrient management research for the
irrigated rice ecosystem was continued jointly with
the Rainfed Lowland Rice Ecosystem Program. Soil,
water, and crop residue management between rice
crops can greatly influence availability of soil nutri-
ents to rice, particularly in the rainfed lowlands
where long fallow or upland cropping periods occur
between rice crops. The major research thrust of the
integrated nutrient management project is to under-
stand how fallows, water deficits, soil drying and
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Table 8. Effect of tillage and weeding treatments on weed weight and yield of wet seeded
rice in a rice - cowpea rotation.” IRRI, 1930 WS,

Tillage treatment

Waading treatment Conventional® Conventional® Zero Mean
Weed weight (g/m?) 8 WE
2,4-D+ 2 HW 1 9 16 12 a
2,4-D+1HW 34 24 89 49 a
2,4-D 130 164 172 155 b
Unweeded 253 217 240 237 c
Mean 107 a 103 a 129 a
Rice yield (t/ha)
2,4-D + 2 HW 1.9 1.8 1.5 1.7 a
2,4-D + 1 HW 1.7 1.4 1.2 14 b
2,4-D 0.8 0.8 0.4 07 ¢
Unweeded 0.3 0.3 0.1 0.2 d
Mean 1.2a 1.1a 08a

*In a column or row within a parameter, raeans followed by a common letter are not significantly different
at the 5% leve! by DMRT. WE = weeks after emergence, HW = hand weeding. *The subsequent cowpea
received conventional tillage. ‘The subsequent cowpea had zero tillage.

Table 9. Effect of tillage and weeding treatmer:ts in rice - cowpea on weed density, weed
weight, and cowpea yield.” IRRI, 1990-91.

Weeding treatment Tillage treatment

in rice - cowpea CT-CT CT-72T rARvAl Mean
Weeds (no./m?) 1 WE
2,4-D + 2 HW -2 HW - 113 193 153 a
2,4-D + 1 HW - 1 HW - 195 222 209 a
2,4-D -1HW - 300 375 338 b
Unweeded - unweeded - 355 391 373 b
Mean - 241 a 295 a
Weed weight (g/m?) 5 WE
2,4-D + 2 HW -2 HW 3 a 1 a 2 a 2 a
2,4-D+1HW-1HW 7 ab 17 b 16 ab 14 b
2,4-D -1HW 18 bc 17 b 21 b 19 b
Unweeded - unweeded 28 c 103 [ 98 c 77 c
Mean 14 a 35 b 34 b
Cowpea yield (t/ha)
2,4-D + 2ZHW -2 HW 0.75 0.95 1.09 093 a
24D+ 1THW-1HW 0.55 0.90 0.78 0674 b
2,4-D -1HW 0.38 0.98 0.98 078 b
Unweeded - unweeded 0.51 0.83 0.74 069 b
Mean 055 b 0.92a 090a

“In a column or row within a parameter, means followed by a common letter are not significantly different
at the 5% leve! by DMRT. CT = conventional tillage, ZT = zero tillage, HW = hand weeding, WE = weeks
after emergence.

wetting, and crop sequences influence soil fertility
and nutrient availability for rice.

NITROGEN MINERALIZATION POTENTIALS OF
WETLAND SOILS

Soil N constitutes abcut 60% of the total N uptake of
rice whereas fertilizer N constitutes only about 40%.
A deeper understanding of the release pattern of N in
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various rice soils is needed to manage the N input
more efficiently. The study assessed the N minerali-
zation potentials and effect of temperature on miner-
alization, and developed modelsto predict the availa-
bility of soil N to rice under lowland conditions.
The experiment used 16 soil series, in four soil
orders: Vertiscl (four soil series), Mollisol (two),
Inceptisol (four), and Entisol (three). Three soil



series were unclassified. Except for these three, all
soil series have been used under the INSURF net-
work of IRRI,

Incubation studies were conducted in the phytotron
at25and 30 °C. Wet soil samples equivalent to about
20 g of oven-dried soil were placed inside each test
tube (25 x 195 mm). Deionized distilled water was
added into each test tube and the test tubes were
shaken and tapped manually to allow the soil par-
ticlestosettle at the bottom. The test tubes were filled
to capacity with deionized water and covered with
screw caps. The setup was incubatedin the phytotron.
Samples were taken at 14-d intervals. At each sam-

NH,-N (mg/100 g soil)
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3. Effccloflempcmlurcon mineralization of organic Nin Casiguran
series.

pling period, NH_*-N was extracted from the soil
with 2N KCI solution and the exchangeable NH*
was determined by steam distillation with MgO. The
mineralization pattern of organic N for each soil was
determined and compared with the pattern derived
from predictive models. The mineralization parame-
ters such as mineralization potential (N ), active N
fraction (N '/Nl ) @nd mineralization rate constant
(k) were estimated.

Results showed that in flooded soils, much higher
amounts of available NH,*-N were released at 30 °C
than at 25 °C. Figure 3 is a typical illustration of the
influence of temperature on mineralization of or-
ganic N in wetland soils. The N release pattern could
be described by either the logistic or exponential
model. The logistic model is based on the following
relationship:

where:

time, days

mineralized N, mg/100 g soil
mineralization potential, mg/100 g
initial mineralized N, mg/100 g
rate constant, per day

=

T
N
N
N

(4

ko=

Table 10. Mineralization par=meters for various wetland soils at 30 °C.

Logistic model

Exponential model

Soil series

N, N, k Active N, N, k Active

N N
Binangonan 1.754 6.693 0.040 7.04 1.491 6.574 0.014 6.92
Maahas (IRRl}  3.951 16.420 0.011 9.28  3.982 14.887 0.003 8.41
Calumpang 2.878 11.195 0.025 474 2,840 31.656 0.002 13.41
Casiguran 6.143 25,544 0.031 9.12  6.057 39.687 0.005 14.71
Tupi 2.610 6.356 0.022 7.48 2,576 5.403 0.008 6.36
Bantog 0.929 4545 0.032 339 0.811 7.318  0.006 5.46
Luisita 3.208 10.428 0.024 10.03 3.162 14.872 0.005 14.30
Luisiana 6.824 28977 0.007 1694 6.882 17.576 0.002 10.28
Alimodian 4.424 10.228 )17 5.27 4.383 9.727 0,005 5.01
Pili 4.884 14.091 0.016 7.42  4.800 24772 0.002 13.04
Maahas 6.924 16.468 0.018 6.78  6.833 15.268 0.006 6.28
(Victoria)

Maligaya 8.440 17.074 0.011 9.38 8.388 13.930 0.004 7.65
Langa 7.050 12509 0.020 4.98 6.989 5.452 0.011 2.57
San Dionisio 3.825 9.004 0.011 10.00 3.814 15.587 0.002 17.32
Santa Rita 3.507 8.616 0.7 6.68  3.456 8.696 0.005 6.74
Tagulod 1.034 3.830 0.053 440 1.011 3.196 0.021 3.67
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The exponential model assumes the following
form:

N=N (1-eT)+N,

where T,N, N, N,, and k are the same as in the logistic
model. Therefore, given N , N, and k, the amount of
mineralized N at any time T can be predicted. Based
on the experimental data on N release pattern for
each soii, mineralization parameters, e.g., N, N, and
k, can be estimated (Table 10). In generai, the min-
eralization rate constants (k) were higher in the
logistic model than in the exponential model. The
Casiguran series showed a consistently high N, while
the Tagulod series gave a consistently low N .

There was very close agreement (R* = 0.98)
between observed and predicted values of mineral-
ized N in the Maahas (IRRI) series (Fig. 4). How-
ever, two soils of the same soil order may have
different mineralization parameters, depending on
their physicochemical properties. For soils of similar
total N content, active N fraction could be a good
indicator of potentially available soil N. Studies are
being carried out to calibrate the obtained phytotron
incubation results with field data.

EFFECTIVE USE OF NITROGEN IN LOWLAND RI k-
BASi-D CROPPING SYSTEMS

J.owlandrice soils typically undergocycles of drying
and flooding. On drying, organic N mineralizes to
ammonium, which is rapidly converted to nitrate.
The nitrate accumulates in soil and is prone to loss
thrcugh denitrification and leaching during flood-

NH,-N (mg/100 g soil)
10

~O— Observed values
—@— Predicted values

16.4204
1+ (16.4204_4 yo9.0.0107T
3.9514

Y, =

2+ R2.0.98

| i ! 1 1 1 1

0p 14 28 42 56 70 84 98
Days of incubation

4, Observed and predicted values of mineralized N in Maahas
(IRRI) series at 30 °C in the logistic model.
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ing. In rainfed lowlands, the transition from dry to
flooded soil conditions occurs over a 45- to 60-d
period. IRRI, the Nitrogen Fixation by Tropical
Agricultural Legumes Project, the University of
Hawaii, and the International Fertilizer Develop-
ment Center (IFDC) are jointly conducting research
tnbetter understand N dynamics and N balance of the
rainfed lowland rice ecosystem and to identify soil
and crop management practices that minimize ni-
trate loss.

In an experiment at IRRI, three fallow treat-
ments—weedy, weed-free, and tilled under dry/wet
cycle—were established at the start of the 1990 DS.
During the subsequent dry-to-wet transition (DWT)
pericd, sesbaniaand mungbean crops and weedy and
weed-free fallows were imposed as subplots in the
DS main plots. After the harvest of mungbean pods,
the soil was flooded and puddled, plant residues in-
corporated, and rice transplanted. Soil nitrate accu-
mulation and loss, soil and atmospheric N captured
in plants, and plant residue N effects on rice yield
were examined.

Dependingon plant growthandtillage, 14to 108 kg
nitrate-N/ha (0- to 60-cm depth) was measured dur-
ing a3-modry period ending in April (Fig. 5). Nitrate
buildup was lowest in plots maintained weedy and
highest when nitrification was promoted by tillage

Rainfall {finn)
80
601
401
201
0 l 1 | JL |J
1 ] 1 ]
Soil NOg-N, 0-60 cm {kg/ha)
120

Tilled-wet/dry

100

Flooding
and
puddling

80
Weed free
60

401 s «— Water appiication
J A «— Tillage

201

1

1 1
2% 22 2

1
13 27
+—Feb—+—Mar——Apr ——May——Jun——Jul —

'I
23

5. Rainfall and nitrate in the top 60-cm soil layer before rice, 1990
experiment.



and water application in the tilled wet/dry plots.
During the subsequent 2-mo DWT period. rains
were frequent and most of the nitrate was lc::t unless
it was assimilated by plants. Onthe averag:, lessthan
10 kg nitrate-N/ha was measured 1 vk after soil
flooding. Plants presuniably assimilated soil nitrate
and thus rendered less nitrate to be lost during DWT
(Table 11).

Less nitrate was lost when weeds or crop plants
were present during DWT. Legumes with higher N
requirement than weeds most effectively reduced N
loss when nitrate was present in large quantities or
when planted during the DS in weed-free and
tilled wet/dry fallows. Sesbania in tilled wet/dry
fallows assimilated 97 kg N/ha from soil compared
with only 46 kg N/ha in weedy fallow. A conserva-
tive N balance estimate indicates nitrate loss of up to
98 kg N/hain tilled wet/dry plots when soil was bare
during DWT. In contrast, positive change of up to
172 kg N/ha was observed when sesbania was the
DWT crop.

Despite some nitrate loss, legumes contributed
positively to N balance because of additional N input
from biological nitrogen fixation (BNF). Legume
BNF, however, decreased with increased assimila-
tion of soil N; BNF-N in mungbean decreased from
63 1047 kg N/ha and in sesbania from 154 to 125 kg
N/ha when the preceding DS fallow was tilled wet/
dry rather than weedy.

The large differences in soil nitrate did not sub-
stantially influence the total amount of N accumu-

lated by weeds or crop plants. The amounts of N
that were available for recycling ranged from 31
to 35 kg/ha in weed residue, 65 to 77 kg/ha in
mungbean, and 200 to 222 kg/ha in sesbania. Thirty
to 37 kg/ha was removed from the land in harvested
mungbean pods. Rice yield was lowest (2.7 t/ha)
whenrice was grown in fallows that were kept weed-
free throughout the DS and DWT periods. Rice yield
increased to 3.2 t/ha when weeds, which were al-
lowed to grow during DWT in preceding DS weed-
free plots, were incorporated. Weed N might have
contributed to this yield increase. Yield of rice fur-
ther increased to 3.8 t/ha when the DWT weedy
fallow was preceded by DS weedy fallow although
weed N applied to rice did not increase. Regardless
of the DS fallow treatments or nitrate levels, rice
yield averaged 4.3 and 4.9 t/ha when mungbean and
sesbania residues, respectively, were produced and
incorporated in situ during DWT.

The data show that nitrate loss is likely when
more is accumulated than the plant biomass can cap-
ture. Legumes, because of their high N requirements,
may reduce nitrate loss more than weeds when
nitrate production is large. In addition, legumes can
compensate for nitrate loss and may increase the
total usable N by accrual of BNF-N. The traditional
practice of leaving fields weedy during DS cou-
serves N but usable N accumulation and rice yield
are likely to be low comipared with those in systems
with legumes. Further work on the effectiveness of
native and BNF-N recycled to rice is in progress.

Table 11. N dynamics during the dry-to-wet transition {DWT) period in a lowiand rice-basec cropping system.

Management Soil nitrate (kg N/ha) (0-60 cm) SoilN  Minimum BNF-N* Change
captured nitrate in plant inN

DS DWT Maximum 1wk after Difference in plant loss (kg N/ha) (kg N/ha)

during flooding (kg N/ha) (kg N/ha)

DS or DWT (A) (B) (C) (A+B+C)
Weedy Sesbania 37¢ 9 ~28 46 0 154 +172
Mungbean 32 10 =22 33 0 63 +74
Weeds 27 8 -19 34 0 0 +15
Weed free 32 9 ~-23 0 23 0 -23
Weed free Sesbania 73¢ 8 -65 59 6 154 +148
Mungbean 73 8 -65 46 19 52 +33
Weeds 73 7 -66 31 35 0 -35
Weed free 73 9 -64 0 64 0 -64
Tilled-wet/dry Sesbania 108¢ 8 -100 97 3 125 +122
Mungbean 108 9 -99 66 33 47 +14
Weeds 108 9 -99 35 64 0 -64
Weed free 108 10 -98 0 98 0 -98

*N from biological nitrogen fixation. *Obtained on 23 May. ‘Obtained on 26 April. Plots tilled before initiation of DWT treatrnents.
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EFFECT OF CROP ESTABLISHMENT PRACTICE

ON PHOSPHORUS AND NITROGEN

FERTILIZER EFFICIENCY

Rainfed lowland soil is normally aerated (aerobic)
between rice crops and saturated or flooded (anaero-
bic) during much or all of the rice cropping period.
Direct seeded rice crop can be established by either
wet or dry seeding. In wet seeded rice (WSR),
germinated rice seeds are broadcast onto puddled,
saturated soil. In DSR, seeds are broadcast and
incorporated in unsaturated, nonpuddled soil.

Because of differences in aeration status of soil at
the time of wet and dry seeding, the availability of
soil P and hence the requirements for P and N
fertilizer may differ between WSR and DSR. In
collaboration with the IFDC, a 2-yr field experiment
was conducted in Oton, lloilo, Philippines, to deter-
mine the effects of crop establishment method on
rice response to P and N fertilization.

The experimental design was a randomized
complete block with two crop establishment meth-
ods (WSR and DSR) in factorial combination with
four fertilizer treatments (no applied Nor P, 15 kg P/
ha, 90 kg N/ha, and 15 kg P/ha plus 90 kg N/ha). The
top 20 cm of soil had air-dried pH (1:1 wt/vol water)
6.4, 15 g organic C/kg, 1.1 g total N/kg, CEC
57 cmol/kg, and 3 mg Bray P/kg.

With no N and P fertilizers, rice yield was consis-
tently higher with WSR than DSR, suggesting that
soil flooding and puddling befc .« the establishment
of rice increased the availability of soil N and P
(Fig. 6). On this P-deficient soil, application of N
alone consistently failed to increase yield; but appli-
cation of P alone increased yield. Yields were lower
for DSR than WSR without P fertilizer, but were sta-
tistically similar for DSR and WSR when P was ap-
plied. Combined use of P and N fertilizers increased
yields more than did P fertilizer alone.

Thus, P is a relatively more important fertilizer
input for rice sown on dry soil before soil flooding
than for rice sown after flooding and puddling soil.

MANAGEMENT OF FERTILIZER POTASSIUM AND
CROP RESIDUE WITH RICE AND SOYBEAN IN
ROTATION

Appropriate fertilizer management pructices are
essential for each crop in rotation in highly intensive
and diversified systems of food production, cspe-
cially when crops are grown on different soil mois-
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Grain yield (Vha)
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6. Effect of rice establishment method and fertilizers on yield of
rainfed lowland rice. Oton, lioilo, Philippines. DSR = dry seeded
rice, WSR = wet seeded rice.

ture regimes. An experiment in Jakenan Experiment
Station in Central Java, Indonesia, seeks to deter-
mine 1) which crop in the rotation benefits most from
fertilizer K application, 2) the residual effect of
applied K on the growth and yield of subsequent
crops, and 3) the effect of returning crop residue to
subsequent crops in rotation.

The cropping sequence adopted consists of direct
seeded rice gogo rancah during WS, and walik
jerami TPR on minimum-tilled land during DS fol-
lowed by soybean. Figure 7 shows cropping period
and rainfall pattern.

The soil of the experimental site has been classi-
fied as fine mixed isohyperthermic Aeric Tropaqualf
with pH 5.3 in the top 20 cm of soil, 0.358% organic
C, 16 ppm available P (Bray 2), CEC 4.10 meq/
100 g,0.07 meqexchangeable K/100 g,2.74 meq Ca/
100 g, and 0.23 meq Mg/100 g, and 0.27 ppm
available Zn.

Fertilizer treatments for each cropin the sequence
are given in Table 12. All plots received N and P.
Urea at the rate of 75 kg N/ha was applied in three
splits for both rice crops and 25 kg N/ha for the
soybean crop. Triple superphosphate at the rate of 13
kg P/ha was applied to all crops. The full rate of K
was 50 kg/ha for all crops. P and K were applied
10 d after germination for the direct seeded rice and
soybean and at planting for TPR.

Grain and straw yields of the direct seeded rice
crop were higher than those of TPR (Table 12)
because the direct seeded rice had favorable mois-
ture while TPR had drought stress during the repro-
ductive stage.
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7. Rainfall pattern during the growth of the gogo rancah and walik
Jerami rice crops, Jukenan, Central Java, Indonesia.

Differences in grain yield among direct seeded
rice treatments were significant, especially between
cropresidue returned and crop residue removed. The
difierences were more pronounced when K fertilizer
was not applied. Even with a full rate of K applica-
tion, K response was not very apparent probably
because the roots of direct secded rice were able to
penetrate and exploit the soil before it was com-
pletely and continuously saturated. Differences in
straw yield among direct seeded rice treatments were
not significant.

Differences in grainand straw yields of TPR were
significant. Grain yields were highest when the full
50kg K/ha was applied to the crop. The increase over
the control plot was significant with and without
cropresidue returnzd. The benefit from returning the
residue of the preceding crop was marked, especially
when K was not applied to the crop, because the
biomass of the previous crop contributed K to the
soil.

Total direct seeded crop uptake of K, N, and Zn
did not vary significantly among the treatments. K
uptake ranged from 55.2 to 143.0 kg/ha, N uptake
from 95.6 to 119 kg/ha, and Zn uptake from 238 to
374 g/ha. Table 13 shows the average and total
uptakes of K, N, and Zn in TPR. The values are half

Table 12. Effect of K application and crop residue management on grain and straw yield of IR64 diect seeded and
transplanted in Jakenan, Central Java, Indonesia, 1990-91.

Yield (t/ha)
Treatment?
Direct seeded Transplanted
Direct seeded Transplanted Soybean
Grain Straw Grain Straw
1/2K + CRR No K + CRR 172K + CRR 5.66 ab 7.70 2.28 abe 3.5 abe
1/2 K No K 172K 5.30 a-d 7.22 1.61 ef 24 cd
172K + CRR 1/2K + CRR No K + CRR 54 a-d 7.13 2.44 ab 3.5 abc
1/2 K 172K No K 5.04 bced 5.81 2,03 bed 2.7 bed
No K + CRR 1/2K + CRR 1/2 K + CRR 6.13 a 8.10 2.68 a 4.0 ab
No K 172K 1/2K 461 cd 6.47 1.78 de 2,7 bed
No K + CRR C+CRR No K + CRR 5.34 a-d 6.35 2.66a 3.6 abc
No K K No K 4.36 d 6.21 199 cde 3.1a-d
K + CRR K+ CRR K + CRR 5,93 ab 7.35 2.61a 43a
K K K 5.10 a-d 7.72 2.17 bed 3.7 abe
No K + CRR No K + CRR No K + CRR 5.48 abc 6.11 2,10 bcd 2,7 bed
No K No K No K 447 cd 5.80 1.36 f 1.9 d
CV (%) 10.1 23.8 10.6 22.1
LSD 0.01 1.2 ns 0.52 1.6
uv.05 0.9 ns 0.39 1.2

“CRR = crop residue returned. Full dose of K is 50 kg/ha.
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Table 13. Effects of K application and crop residue management on total K, N, and Zn uptake
of transplanted IR64 in Jakenan, Central Java, Indonesia, 1990-91.

Treatment Total uptake
Direct seeded Transplanted Soybean K (kg/ha) N (kg/ha) Zn (g/ha)
1/2K + CRR No K + CRR 1/2 K+ CRR 48.8 bed 56.0 ab 127.0 ab
1/2K No K 172K 14.5 e 38.6 de 88.8 bc
1/2K + CRR 1/2K + CRR No K + CRR 46.7 cd 58.2 a 114.6 abc
1/2K 1/2K No K 30.0 de 40.3 cde 787 ¢
No K + CRR 1/2K + CRR 1/2K + CRR 68.5 bc 56.9 ab 1509 a
No K 1/2K 12 K 26.3 de 41,2 cde 89.4 bc
No K + CRR K+ CRR No K + CRR 756 b 56.5 ab 114.9 abc
No K K No K 49.5 bcd 50.5 a-d 118.8 abc
K + CRR K+ CRR K+ CRR 1016 a 56.5 ab 130.5 ab
K K K 67.8 bc 52.5 abc 110.0 abc
No K + CRR No K + CRR No K + CRR 255 de 44,2 b-e 104.8 bc
No K No K No K 14.9 e 33.4 e 756 ¢
Average 47.5 48.7 108.7
CV (%) 31.0 14.7 205
LSD 0.1 339 16.5 51.2
0.5 249 12.2 37.6

those of the direct seeded crop. K uptake was highest
when the full rate of K was applied to every crop in
the rotation. The gap in total K uptake between with
and without residue returned was less when the full
rate of K was applied to the TPR than whena half rate
of K or no K was applied. On the total N uptake of
TPR, the effect of crop residue management was
more evident when K fertilizer was applied to the
other crops in rotation. Crop residue management
markedly affected total Zn uptake, especially when
no K or a half rate of K was applied.

The study is being continued to determine the
effects of long-term K application with and without
crop residues on the productivity of the rice - rice -
soybean system.

POTENTIAL BENEFITS OF UREA MODIFICATIONS
About one-third of the N applied as urea can be lost,
primarily through volatilization of ammonia. N can
also be lost by nitrification-denitrification and in
runoff when water flows across ricefields. Many
modifications to urea such as amendment with urease
inhibitors, nitrification inhibitors, algicides, soluble
salts, and acidifying agents have been proposed to
overcome N loss. However, little is known about the
economic benefits ind acceptable farm-level costs
for urea modified with such amendments.

IFDC and IRRI collaborated in developing a
methodology to predict the increased rice yield asso-
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ciated with use of urea modifications. The method-
ology aimed to 1) estimate the potential economic
benefits of using urea modifications that reduce N
loss and enhance rice yield, and 2) identify combina-
tions of crop response to N, N losses, and urea prices
required to make the use of modified urea economi-
cally effective.

Because information is lacking on the urea-N that
can be saved by modification and on the cost of
modifying urea, the evaluation of potential eco-
nomic benefits was conducted as a sensitivity analy-
sis. Combinations of four quadratic response func-
tions for urea (Yield = 8N - gN?), two prices of
conventional urea-N ($0.30 and $0.43/kg), five lev-
els of saving in applied urea-N as a result of modifi-
cation (0, 10, 20, 30, and 40%), and two costs of
modifying urea-N ($0.043 and $0.174/kg) were used
in the analysis. The price of grain was held constant
at $0.16/kg. The increment in farmers’ profit with
the use of modified urea was the difference in net
benefit between modified urea and conventional
urea when these fertilizers were used at rates that
maximize profit.

The increment in profit with modified urea con-
sistently increased linearly with increasing saving of
N by modified urea (Fig. 8). The increment in profit
became more sensitive to saving of N as crop re-
sponse to urea increased (i.e., 8 increased while ¢
remained constant in the response functions for
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8. Increment in farmers' profit as affected by price of urea N, cost of modifying urea perkg N, and

yield response to urea. Grain price = $0.16/kg.

conventional urea). With all four urea response
functions, the increment in profit decreased dramati-
cally with increased cost of modifying urea, and
increased slightly with increased urea price. The
increased cost of modifying urea must be low to
provide a positive increment in profit and an incen-
tive to adopt modified urea. At a given price of N
from urea and cost of modifying urea, the applied N
saved by modified urea at conditions of zero incre-
ment in profit (break-even N saved) was not affected
by the response functions.

The applied urea-N that must be saved for .naxi-
mum profit of modified and conventional urea to be
equal (the break-even N saved) increased with in-
creasing cost of modifying urea. The increase in
break-even N saved with increasing cost of modify-
ing urea, expressed as a percent increase in urea-N
price, was independent of the urea-N price. For
example, a 33% increase in urea-N price as a result

of modification corresponded to a break-even N
savings of 25% (Fig. 9).

The results suggest that modified urea would
provide highest increments in profit and, therefore,
highestincentives foradoption inenvironments with
high rice response to urea-N, high-priced conven-
tional urea, and high urea-N losses that can be
reduced or eliminated (saved) by urea modification.
In regions with two cropping seasons per year,
modified urea would be more economical in the
season with the higher response to N, assuming that
savings of applied N and prices of fertilizer were
similar for both seasons.

LONG-TERM FERTILITY EXPERIMENTS (LTFE)

The LTFE inirrigated rice are conducted at four sites
in the Philippines: IRRI, Los Baiios; the Philippine
Rice Research Institute (PRRI) Central Experiment
Station in Mufioz, Nueva Ecija; the Bicol Regional
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Integrated Agricultural Research Center (BRIARC)
in Pili, Camarincs Sur; and the Visayas Experiment
Station (VES) in Jaro, lloilo City. The IRRI experi-
mentbegan in 1964, with the 56th and 57th consecu-
tive rice crops harvested in the 1991 DS and WS,
respectively. The 47th and 48th crops were har-
vested at the other sites except at the Visayan station,
where the 1991 DS crop was aborted for lack of
irrigation water.

In previous years, grain yields and changes in soil
fertility were monitored, but total nutrient uptake
and nutrient removal in harvested grain and straw
were not. Thus, historical nutrient input/output bal-
ances were not quantified in these studies. Such
balances are needed to interpret trends in the yield
response to nutrient inputs and changes in soil prop-
erties that govern nutrient availability.

In the 1991 DS, whole plants in each fertilizer
treatment were sampled from 12 hills at physiologi-
cal maturity and total NPK content was determined
in grain and straw. Grain yields were measured from
a 5-m? harvest area within cach plot. Straw yields
were estimated by the measured harvest index from
the 12-hill, whole plant sample after oven drying,
and the grain yield obtained from the 5-m? harvest
area. Rice stubble (eut 30 ¢cm from the ground) that
remained in the ficld after harvest was sampled from
12 hills to determine the quantity and nutrient con-
tent of rice straw returned to soil. These measure-
ments allow estimation of the nutrient input/output
balance. The same procedures were followed in WS
at each site, but analyses are not yet available.

Initial DS results indicate several consistent fea-
tures across locations: 1) highest yields were achieved
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in the full NPK treatments at each site; 2) grain yield,
total uptake, and net removal of both N and P in
control plots without fertilizer inputs were remarka-
bly similar at all sites although the initial soil prop-
erties differed, and remain different; 3) although
yield levels at the threc sites ranged from 5.4 10 7.0
t/hain treatments with complete NPK inputs, total N
uptake in these treatments was comparable, ranging
from 105 to 109 kg N/ha.

These similarities suggest a homeostasis for the
run-out levels of N and P supply under exhaustive
farming without exogenous nutriert inputs, and
equivalent plant N assimilation with complete NPK
inputs when the same rate of N is applied each season
at each location in the same manner (i.e., 2/3 basally
incorporated and 1/3 broadcast at panicle initiation).
At issue is whether similar N supply characteristics
at thesc three sites represent a common process of
evolution in soil properties that govern N release
from organic matter and the efficiency of N fertilizer
utilization,

Uptake of Pin treatments with both N and P inputs
differed across sites (Table 14), but all such regimes
showed a large surplus innet Pinput after accounting
for P removal with harvest. The difference in P
uptake may reflect differences in P sorption charac-
teristics of the soils.

N application increased K uptake at each site
regardless of K input level (Table 14). Addition of
both N and P further increased K uptake. Two sites
showed a net K removal in treatments that received
the full NPK treatmeni. The lack of a response to K
in the +NPK vs +NP treatments at each site indicates
that K supply is not yet a limiting factor. Previous
analyses have shown that K input from irrigation
water at IRRI1 and BRIARC contributes to the main-
tenance of soil K levels.

The monitoring of nutrient balance at the LTFE
sites will continue in the 1992 WS and DS. Although
biomass and grain yields differed because of fertil-
izer input levels, the N and P concentration of grain
and straw varied little in these treatments, and the
harvest index was nearly identical across treatments
within sites. It should therefore be possible to esti-
mate the historical nutrient balances at each site on
the basis of grain yield and estimates of straw and
grain nutricnt concentration.

In 1992 the activity aims to interpret changes in
soil fertility and rice response to added nutrients in
relation to the historical nutrient balance and the
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Table 14. Grain yield and NPK balances' in three long-term fertility experiments at IRRI, Philippine Rice Research Institute (PRRI), and Bicol Regional
Integrated Agricultural Research Center (BRIARC), 1991 DS.

NPK treat- Nitrogen balance (kg/ha) Phosphorus balance (kg/ha) Potassium balance (kg/ta)
ment (ele- Grain s e———
mental yield Total  Harvest Recvcled Net Total Yarvest Recycled Net Totel Harvest  Recycled Net
basis) (tha) uptake ren-oval instubble — ~— uptake removal instubble —————— uptake removal in stubble —
{kg/ha) Input  Output Input  Output Input  Output
(+) (-} {+) =) (+) -}
IRRI®
0-0-0 2.68 d 4 ¢ 33 ¢ 12 ¢ 33 48 d 29 d 18 b 29 66 ¢ 20 d 46 ¢ 20
140-0-0 482 ¢ 85 b 63 b 22 b 77 9.3ab 73a 21 b 7.3 138 b 53abc 85 b 53
140-13-0 5.65ab 97 ab 69 b 28a 1 10.6a 6.6 ab 4.0a 6.4 154 ab 58 abc 96 ab 58
140-0-25 5.10 be 91 b 59 b 32a N 64 cd 31 cd 33a 3.1 153ab 47 be 106 o 22
140-13-25 5.82a 109 a 83a 26 ab 57 8.7a 50 bc 37a 8.0 168 a 69 a 100 a 44
PRRI<
0-0-0 289 ¢ 43 ¢ 32 ¢ 1 d 32 45 b 29 ¢ 16 b 29 53 d 20 ¢ 33 ¢ 20
140-0-0 464 b 81 b 60 b 21 be 80 56 b 43 b 1.3 b 43 76 ¢ 33 b 43 bc 33
140-26-0 6.70 a 108 a 78 a 20 a 62 14.0a 8.0a 6.0a 18.0 105 b "2a 63 b 52
140-9-50 421 b 73 b 83 ¢ 20 ¢ 87 55 b 43 b 11 b 4.3 85 ¢ 30 b 55 b 20
140-26-50 7.02a 105 a 78 a 27 at 62 1423 85a 57a 17.5 134 a 53 a 82a 3
BR!ARC
0-0-0 311 ¢ 52 ¢ 38 b 14 b 38 45 ¢ 28 b 1.7 b -2.8 77 ¢ 27 b 50 b
140-0-0 494 a 107 a 78 a 29a 62 70 b 52a 1.8 b -5.2 138 ab 422 96 a
140-26-0 5.02a 109 a 74 a 35a 66 10.4a 52a 5.2a 21.R 150 a 51a 99 a 51
140-0-50 437 b 94 ab 67 a 27a 73 57 bc 39ab 1.8 b 3.9 124 b 32ab 91a 18
140-26-50 5.39a 109 a 72a 37a 68 10.3 a 48a 55a 21.2 160 a 37a 123 a 13

*For each site, means in a column that are followed by a common letter are not significantly different at the 5% level by DMRT. *At IRRI, grain yield differad significantly
amona the three cultivars. Treatinent means represent those of the highest yielding cultivar. ‘Treatment means are means of the three test cultivars because grain yields
did not differ significantly.



initial soil properties at each site. This information is
needed to determine the degree to which balanced
nutrient inputs contribute to the sustainability of
productivity in continuous irrigated rice systems.

LONG-1ERM EFFECTS OF AZOLLA AND SESBANIA
Interest in N-fixing GM is growing because of the
increasing cost of inorganic fertilizers and concern
abou: long-tenv soil fertility and productivity. The
appilication of GM to tlooded soil is followed by a
chuin of microbiological activities that are not found
when inorganic fertilizer is used. This study aims to
determine how organic manure affects the lowland
rice-soil systern. This long-term biofertilizer experi-
mexn: started in 1985, measuring in every cropping
the growth and N production of GM, and its effects
on rice yields and soil fertility.

Decomposition of aguatic green manure and
availability of its nit: vgen. Sesbania rostrata and
Aeschynomene afraspera decomposed rapidly in
lowland rice soil during the first 10 d, after which
time more than 50% of the leaves and 30-45% of the
stern-root stubble were deceimposed (Fig. 10). The
half-life of organic matter decay, with the amount of
undecomposed material at 10 d as the initial point,
was shorter (3-5 wk) for leaves than for stem and root
stubble (more than 3 mo). S. rostrata decomposed
more slowly than A. afraspera. Stem bark decom-
posed first, so that after 2-3 wk only the woody
portion remained. Woody residue decomposed very
slowly, and persisted in soil 1 yr after incorporation.

Organic carbon (g/bag)

20 @——@ Aeschynomena laaves
@ ---@® Aerchynomena stem
1.6 and root stubble

{)——( Sesbanialeaves
J--- Sesbaniastem
and root stubble

Days after inoculation

10, Decomposition of Aeschynomene afraspera (in DS) and
Sesbania rostrcta (in WS) in lowland rice soil. IRRI, 1989,
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The percent N content of GM is directly related to
the amountof N recovered by rice (Fig. 11). Sesbania
needed a lower percent N concentration than azolla
for the same N recovery by the rice crop. Average N
recovery in urea-treated plots was 51%. The N
content needed for this recovery was 2.6% for azolla
and 1.5% for scsbania. This may be partly because
the lignin content of GM is about 10% in 42- to 56-
d-old sesbania and 18-30% in azolla.

Effects of green manure on rice yields and soil
fertility. Green manuring of nine rice crops resulted
in average yield increases of 1.8-3.9 t/ha. This is
similar to or higher than increases achieved from
application of 60 kg N/ha as urea fertilizer. Plant N
uptake decreased with the numbe: of croppings
without addition of fertilizer N, was maintained with
urea and sesbania incorporation, and increased with
azolla incorporation. Grain yield increase was pro-
portional to N applied. Grain yield in DS was higher
(32 kg grain/kg of N) than that in WS (12 kg grain/
kg of N).

A comparison of soil analysis before the first rice
crop (March 1985) and after the seventh crop in the
control plots (November 1988) does not show meas-
urable change in the N content. Continuous applica-
tion of GM increased the percentage of organic N
content, but not on an area basis because GM appli-
cation decreased bulk density. After sevenrice crops,
GM addition did not affect pH, electrical conductiv-

Percent N recovery by rice

100
80
601
407
® Azolia Y=12,75 + 15.70X
20} r =0.89
O Sesbania Y=22,02 +21.53X
r =070
X Asgschyncmene
0 1 1 1

1 1
0 1.0 20 3.0 4.0 5.0
Percent N content of GM

11. Relationship between N of azolla and sesbania and N recovery
by rice. IRRI long-term experiment, 1985-90,
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ity, organic C content (% and kg/ha), or exchange-
able cations. More P was available in the azolla plots
because of water-soluble Paddition for azolla growth.

Azolia added a total of 550 kg N/ha in seven rice
crops. Of thisamount, 384 kg/ha was absorbed by the
rice grain and straw, 45.7 kg N/ha was lost (bascd
from *N estimation), and 120.3 kg/ha (or 17.2 kg N/
ha per crop) should have remained in the soil. The
total N (kg/ha) in the whole puddled soil layer was
not statistically different in ihe azolla and control
plots after seven rice crops because the estimated
accumulation from azolla was too small to be de-
tected by soil analysis.

In the tenth rice crop (1990 DS), no fertilizer was
applied to any plot. Grain yields from the azolla and
sesbania plots were 0.5 t/ha higher than in the control
and urea plets. Also, N uptake from GM plots was
11 kg/ha higher than from the urea and cozrol plots,
indicating positive residual effects of GM. Grain
yield and N uptake were the same in urea and control
plots, indicating no residual effect from urea applica-
tion after nine rice crops. This experiment will be
continued to assess the sustainability of irrigated rice
-rice systems with inorganic and biofertilizer sources
of N inputs.

MINERALIZATION OF GREEN MANURE NITROGEN
AS INFLUENCED BY PLANT CHEMICAL
COMPOSITION

To minimize N losses and improve a low harvest
index, which often results from an unbalanced early
N supply, the N mineralization from a GM should
match the N uptake pattern of rice.

In collaboration with the University of Giessen,
an experiment was conducted in the phytotron o
determine the influence of plant chemical composi-
tion on the mineralization rate in two flooded soils.
Eight legume species, three legume-rice straw
combinations, and azolla were incorporated at arate
of 100 mg N/kg of dry soil into 250-g pots filled with
Maahas clay and a sandy soil from Floridablanca,
Pampangz, Central Luzon. Samples were analyzed
weekly for exchangeable amm. um. Plants were
analyzed for moisture, N, C, potyphenols, and lignin
content.

Correlatinn of N release with plant chemical
parameters (Table 15) indicates that moisture, N,
and polyphenol content or C:N ratio are not suitable
parameters to predict N release in flooded soils, C:N
may be an appropriate indicator for decomposition

speed of organic matter if the lignin content of the
GM is less than 9%. This feature, however, is en-
countered only in a few, relatively young, field-
grown legume species (e.g., S. rostrata and A. nilot-
ica). The (polyphenol+lignin):N ratio, usually con-
sidered most appropriate to predict mineralization in
upland soils, wa. significantly related to N release
only in the clay soil. Net mineralization in all cases
was correlated significantly with the lignin:N ratio.
Three patterns of net mineralization emerged during
the 6-wk incubation (Fig. 12). Pattern 1 exhibited a
fast initial N release and was observed in material
with lignin:N ratios <2.5. Pattern 3, with a relatively
slow initial N release, was representative of material
with lignin:N ratios 4. Patiern 2 represents an
intermediate type. These patterns were consistent for
the sandy soil, but at a considerably lower rate. From
material with high lignin:N ratio (e.g., S. emerus,
A.afraspera, and azolia), N release matched best the
rice N uptake dynamics in Maahas clay, whereas
material with low lignin:N ratio (e.g., S. rostrata and
A. nilotica) was better suited to sandy soil. The
lignin:N ratio seemed to be a suitable parameter to
predict N release from GM in flooded soils.

GREEN MANURE SEED PRODUCTION FOR SMALL
FARMS

The availability of adequate amounts of good quality
seed is the most severe agronomic constraint limit-
ing GM usage, but little has been done to overcome
the practical problems farmers face in producing
their own seed.,

Table 15. Correlation of plant chemical parameters and
deccmposition of organic materials, expressed as
number of days until 25 and 50% of the added N are
mineralized.

Maahas clay Floridablanca sand
Parameter?

25% 50% 25% 50%
Moisture (%) 0.27 0.26 0.51 0.14
Nitrogen (%) 0.09 0.36 0.56 0.17
C:N ratio® 0.07 0.45 0.68* 0.13
C:N ratio® 0.93*- 0.98** 0.86** 0.57
Polyphenol (%) 0.55 0.56 0.02 0.3
Lignin (%) 0.81** 0.58 0.02 0.19
L:N ratio 0.83** 0.76** 0.69* 0.60*
(P+L):N ratio 0.76* 0.84** 058 0.45

°L = tignin, P = poiyphenol. ®including all 12 spp. studied. Ex-
cluding 5 spp. with more than 9% lignin.
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Nitrogen release (% of added N mineralized)
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12, N-release patterns of different green manure in two flooded soils.

Table 16. Grain yields wher: Sesbania rostrata and Aeschynomene afraspera were inter-
cropped for seed production with rice, IRR! and Ubon Rice Research Center (URRC), 1989

WS.

Treatment

GM yield (kg/ha)

Rice yield (t/ha)

Pianting material GM popu- With  With Aeschy -
lation  Sesbania Aeschynomene Sesbania nomene
{plants/ha)
IRRI URRC  [RRI IRRI URRC IRRI
GM
Whole plant 5000 902 35 1117 1.8 1.6 2.9
Whole plant 2500 801 16 678 26 1.8 3.1
Whole plant 1250 1004 . 877 2.7 . 3.2
Top cutting 5000 1435 14 814 2.2 1.8 2.8
Top cutting 2500 828 7 596 2.8 1.7 3.4
Top cutting 1250 758 . 388 3.0 . 3.6
Basal cutting 5000 900 30 639 2.3 1.7 3.2
Basal cutting 2500 607 15 426 3.0 1.7 3.1
Basal cutting 1250 869 . 680 3.0 . 3.2
Control (rice alone) 3.0 1.8 3.0
Standard error 194 5 194 0.4 0.2 0.4
*Not tested.

Research at IR.”] and at a key on-farm research
site in Ubon Province, Northeast Thailand, was
conducted to address the issue of developing low-
cost, farm: level seed production methods, and to
quantify the seed production potential of sesbania.
The use of whole szedlings and stem cuttings was
evaluated for both Sesbania and Aeschynomene spp.
transplanted at a density of one plant per 2, 4, or 8 m?
of ricefield area (Table 16). Even at high densities,
intercropped Aeschynomene was less competitive
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than Sesbania, with an average seed yield of 857 kg/
ha. To avoid significant competition with rice the
Sesbania population must be kept low (less than
1 plant/2 m? rice area). Sesbania seed yields below
this density averaged 811 kg/ha, regardless of the
typ: of planting. Sesbania grew less vigorously in
the infertile soils of Northeast Thailand and gener-
ally did not affect rice yield even at the higher
population (Table 16). Harvested seed yields of
Sesbania were about 30 kg/ha in the rice + Sesbania



intercrop, which is approximately the recommended
GM seeding rate per hectare.

We observed the following problems that may
make intercropping of GM with rice impractical: 1)
rice may be damaged by Sesbania lodged by strong
winds and intense rains; 2) intercropping Sesbania
may hamper some maintenance operatious for the
rice, e.g., spraying; 3) after rice canopy closure, the
field may be difficult to enter for periodic GM seed
priming, especially in heavy soils; 4) the GM seed
plants are scattered over a large area, which increases
travel time for harvest operations; and 5) the woody
root stumps of the GM plants may interfere with
subsequent land preparation opzrations.

Transplanting or seeding along the bunds. The
GM is seeded or transplarited in a single row along
the bunds and allowed to mature with TPR for seed
production. Altenatively, GM plants growing adja-
cent to the bunds at the time of soil incorporation are
left intact and allowed to mature with the rice.

Sesbania branches were clipped to reduce compe-
tition for radiation with the adjacent rice and the
number of plants along the bund was varied. The GM
transplanting was delayed to avoid early competi-
tion with the rice.

The GM plants along the bunds shaded the adja-
centrice, but row by row sampling showed no strong
yield-depressing effect on rice. Whole seedlings at
high population, with noclipping, or with clipping of
Sesbania but not Aeschynomene, gave the hest seed
yields (220 g and 159 g/m of bund, respectively)
without significant effects on rice (Table 17). Thus,
to produce the 30 kg and 50 kg, respectively, of seeds

recommended for establishing a satisfactory GM
crop stand, 136 m total bund length is needed for
Sesbania and 300 m for Aeschynomene.

In Northeast Thailand, the highest Sesbania seed
yield was only 10 g/m of bund (Table 18). Seed
yields were low because »f severe insect damage to
flowers, pods, and leaves, and to bund compaction
and low soil nutrient status. The Thai farmer would
thus require 3,000 m bund length to produce the
needed 30 kg GM seed/ha. Regardless of location,
transplanting along the bunds is more practical than
intercropping with rice and may be a more attractive
strategy to farmers when the field area for seed
production is limited.

Ourcomparison indicated that while Aeschynom-
ene was more succulent and had less biomass, and
therefore is easier to incorporate into the soil as a
GM, Sesbania was easier to manage for seed produc-
tion. We are now engaged in whole-farm tests of the
sustainability of GM production systems that inte-
grate both biomass production and seed production.

AQUATIC LEGUMES GERMPLASM COLLECTION
The use of the st*m-nodulating aquatic legume
S. rostrata as GM for lowland rice offers potential
for resource-poor farmers to grow their own N in-
stead of depending on mineral fertilizers. However,
overdependence on a single genotype risks pest and
disease outbreaks. Furthermore, use of S. rostrata is
successful only in a narrow range of environmental
conditions.

In 1990, in collaboration with the University of
Giessen, 37 new accessions were added to the aquatic

Table 17. Grain yields when S. rostrata and A. afraspera were grown for seed along bunds. IRRI, 1989 WS.

GM yield (g/linear m)

Rice yield {t/ha}

Sesbania Aeschynomene With Sesbania With Aeschynomene

Treatment GM
plant
Planting material GM density
canopy {no./
management linear m)
GM
Whole plant Clipped 1 57.5
Whole plant Clipped 3 220.2
Whole plant Unclipped 1 116.5
Whole plant Unclipped 3 137.2
Basal cutting Clipped 1 117.2
Basal cutting Clipped 3 98.8
Basal cutting Unclipped 1 123.8
Basal cutting Unclipped 3 151.0

Control (rice alone)
Standard error

84.5 2.3 2.9

122.5 2.3 3.1
88.8 2.6 2.6

159.2 2.1 2.4
81.5 2.8 25

74.8 2.6 2.9

85.0 2.7 2.6

98.0 1.7 2.8

2.7 2.8

25.0 0.5
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Table 18. Grain yields when S. rostrata was grown for seed along bunds. URRC, Thailand.

1989 WS.
Treatment
Sesbania yield Rice yield

Sesbania Plant density {g/linear m) (t/ha)
planting material (no./linear m)
Whole piant 2 10.0 2,0

4 8.2 2.1
Basal cutting 2 2.7 2.2

4 3.1 2.2
Seed 4 0.8 2.1
Control {rice alone) - 2.0

Standard error 0.2 0.2

legumes collection. The accessions were collected
from Burundi, Gambia, Guinea, Kenya, Rwanda,
Senegal, and Zaire, and were identified and charac-
terized based on phenotype and nodulation pattern.
IRRI houses probably the world’s largest collection
of aquatic legumes, including numerous ecotypes of
41 species belonging to the genera Aeschynomene,
Sesbania, and Neptunia. The collection comprises
herbs, shrubs, and trees from 28 countries. Fifty-four
of 87 screened accessions exhibit varying degrees of
nodule form'ition on aboveground plant parts. Screen-
ing to identify species and ecotypes that combine the
traits of fast growth, high N, fixation, and moderate
sensitivity to photoperiod is in progress. Slow- and
fast-release GM species may be differentiated by
their chemical composition (lignin:N ratio). No pest
ordisease damage has been observed in some strongly
lignified or hairy species. A few accessions seem to
perform satisfactorily on acid and saline soils. Col-
lection and characterization of aquatic legume
germplasm will continue.

Subprogram ll: Germplasm
improvement

Breeding and evaluation

This project’s principal goal is to develop rice
germplasm to suit different rainfed lowland environ-
ments (e.g.,drought-prone, submergence-prone, and
combinations of the two). Emphasis, therefore, has
been placed on the generation of germplasm with
differing maturity periods, plant heights, adaptation
to water regimes, and levels of resistince to pests.
The breeding materials have been screened and
evaluated for target sub-ecosystems.

74 RRI program report for 1991

In 1991 DS and WS, populations of 156 Fw 100
F,, and 12,673 pedigree rows were evaluated. In
addi:ion, 450 breeding line entries were formed for
the observational nursevies and 50 for the replicated
yield trials. These advanced lines were grown in WS
in drought-prone and medium-deep conditions.

The materials previously selected for their supe-
rior agronomic performance and tolerance for stresses
(e.g., drought, submergencc) were screened and
characterized for disease and insect resistance. Of
10,357 breeding lines screened for bacterial blight
(BB) biotype 1, 92% were resistant. Of 76 lines
evaluated for BB biotype 2, 26 lines were resistant.
0Of 6,713 lines screened, 50% were resistant to brown
planthopper (BPH) biotype 1; of 621 entries, 30%
were resistant to BPH biotype 2; and of 596 entries,
31% vvere resistant to BPH biotype 3. Of 6,766 lines
screened for green leafhopper (GLH), 20% confer
resistance.

EVALUATION FOR ADAPTATION TO WATER DEFICIT
ENVIRONMENTS

Atotal of 1,932 breeding lines were evaluated under
field conditions at IRRI in the 1991 DS. These lines
were subjected to water stress at seedling stage,
about 45 DAS.

The cultivars Salumpikit and IR442-2-58 were
the resistant checks and IR20 was the susceptible
check. Drought score was taken when soil moisture
potential reached —1.0 MPa or when the susceptible
check exhibited severe leaf rolling or leaf drying, on
ascale of 1-9 (1 =slightly rolled leaf, 9 :: severely or
tightly rolled leaf). The average drought scores were
3.8 for Salumpikit and 4.. for IR442-2-58. Under
this severe water stress, about 200 lines (10%) were
given a score of 4 or better (Table 19).
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A comparative yield experiment was conducted
in 1991 WS to observe the performance of the
improved rainfed lowland lines in relatively favo-
rable conditions in Tarlac and at IRRI in the Philip-
pines. The Tarlac site was located near ths: bottom of
a field that accumulated water from the neighboring
fields, so growth and yields were good. Unfortu-

nately, strong winds and rain during grain filling
caused severe lodging of some lines. The IRRI site
wasrainfed throughout the growing season. Average
grain yizld of rice cultivars was about 2.0 t/ha higher
in Ta+lac than at IRRI The line IR33380-7-2-1-3,
wvhich significantly outyielded IR72 in Tarlac, was o
top yielder at both locations (Table 20).

Table 19. Improved breeding lines that combine drought tolerance and resistance to diseases and insects.* IRRI,

1991 DS.
BPH
Drought score® biotynes
Designation Parentage Bl BB biotype1 -——— GLH
-1.0 MPa Recovery 1 2 3
IR36974-1-3-3-3-3 BIET927/IR42 4 1 - - 1 3 1 -
IR41431-68-1-2-3 IR8234-0T-9-2/ 4 1 4 1 3 3 3 3
IR19661-131-1-2
IR42221-2-2-3-1 IR52/MTU7028// 3 1 7 1 3 3 9 5
IR4215-301-2-2-6
IR43040-PMI-B-4-1-2-1 Leuang Yai 148/ 4 1 6 1 3 7 3 7
IR9129-209-2-2-2-1
IR46331-PMI-53-2-1-3  Leuanq Yai 148/ 4 1 9 1 7 71 7 8
IR18272-27-3-1//
IR21231-117-2-2
IR48088-PM!-8-1-1-4-1 Nam Sagui 19/ 4 1 1 1 7 7 9 5
BR319-1//IR21848-65-3-2
IR48852-1-3-3-2 PMI 121/IR25588-7-3-1 4 1 1 5 5 2 3
IR49758-UBN-1-B-1-1 Nam Sagui 19/ 3 1 1 1 5 3 4 4
IR29385-2-2-3//
IR24632-34-2
IR68 4 1 2 2 5 3 56 3
Check variety
Salumpikit (resistant) 4 1
IR442-2-58 (resistant) 5 1
IR20 (susceptible) 7 3

‘Bl = blast, BB = bacterial blight, BPH = brown planthopper, GLH

-10 bar.

= green leafhopper. *The resistant checks generally score 3-4 at

Table 20. Grain yield and rank {in parenthesas), agronomic characteristics, and reaction to disease and insects of
selected advance d breeding lines evaluated in favorable rainfed lowland areas in the Philippines, 1991 WS.*

Grain yield {t/ha) Maturity Height BB bio- BPH
Designation Parentage _—— (d) (cm) type 1 ——— GLH
IRRI Tarlac 12 3
IR33380-7-2-1-3 IR52/IR13240-39-3// 3.61(3) 6.14 (1) 133 116 1 222 3
IR50
IR43449-SKN-522- IET1444/KDML 105/ 3.39 (5} 5.50 (4) 142 112 1 333 5
3-1-3 IR19660-73-4-2-2
IR55008-74-3-1-1 IR43491-1401-2-3/  3.38(7) 5.22(7) 136 115 1 333 7
IR41183-57-5-2-1
IR55008-33-3-2-1 IR43491-140-1-2-3/  3.34(8) 5.79(2) 138 118 1 353 6
IR41183-57-5-2-1
Check variety
IR72 3.03(18) 5.59 (3) 113 94 1 233 3
IRG8 2.87 (22} 4.27 (22) 126 120 2 2 34 3
Mahsuri 2.23(39) 3.28(29) 137 139 5 8 99 8
Average 3.12 5.1
CV (%) 20.7 16.4
LSD (0.05) .789 .888 .

“Values are means from 3 replications.
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Promising elite lines that demonstrated cutstand-
ing performance in low fertility, drought-prone
environments for several years are listed below.

B IR43450-SKN-506-2-2-1-1, selected in Northeast
Thailand, has grain characteristics (c.g., long
slender grain, nenglutinous endosperm, and aro-
matic) similar to those of the popular Thai varicty
KDML 105, is moderately resistant to blast (BI)
disease, and adapt' ‘o soil fertility.

B 1R43506-UBN-520-2-1-1, selected in Ubon, has
waxy endosperm, is photoperiod sensitive, 125
cm high, and resistant to Bl and salinity.

@ [R43062-PMI-B-15-1-2-1, a glutinous cuitivar
selected in Pimai, Thailand, is resistant to Bl, BB,
and BPH; is moderately resistant to GLH; and is
photoperiod sensitive.

B [R19431-72-2 demonstrated outstanding per-
formance inthe drought-prone Cagayan Province
for several years. It is grown by farmers because
its grain quality is similar to that of Wagwag, a
popular variety in the region. Ithasa 135-d cycle,
which is shorter than that of the photoperiod-
sensitive Wagwag, and is resistant to B3, BPH,
and GLH.

@ [R29341-15-2-1-1 is resistant to Bl, BB, and
GLH. It has performed well in Solana, Cagayan,
and Rajshahi, Bangladesh. It matures in 130 d.

B IR41431-68-1-2-3 has shown stability across lo-
cations in the Philippines. It is resistant to Bl, BB,
and tungro virus; confers resistance to BPH and
GLH. It matures in 125 d, and has shown high
seedling vigor in direct seeding trials.

The elite cultivars listed below were evaluated in
replicated yield trials in Northeast Thailand in 1991.
They were consistently selectzd by Thai and IRRI
breeders in four of six locations.

B IR57458-PM1-2-B-1-1, a long slender grain cul-
tivar with intermediate amylosc content, is resis-
tant to BB, BPH biotypes | and 3, and GLH.

m [R57514-PM1-5-B-1-2 performed well in poor
soils of Northeast Thailand, demonstrated high
tolerance level in submergence tests at IRR1, and
has long slender grain with 23% amylose content.

@ IR57519-PM1-5-B-2-2 showed tolerance in sub-
mergence trials at IRRI and is resistant to BIB and
BPH.

EVALUATION FOR ADAPTATION TO WATER
EXCESS ENVIRONMENTS

The yield potential of 25 breeding lines (Table 21)
withsubniergence tolerance and otherdesirable traits
was evaluated under medium-der:p conditions at
IRRI in the 1991 WS. The adapted rainfed lowland
varieties Mahsuri, Pankaj, and FR13A and the high-

Table 21. Grain yield, submergence score, agronomic characteristics, and reaction to disease and insects of
breeding lines evaluated under medium-deep watei conditions (30-40 cm). IRRI, 1991 WS.

Grain BB bio- BPH
Designatio yield Rank Days to Height Submergence types biotypes
{t/ha) flowering {cm) score GLH
1 2 1 2 3

IR49830-7-1-2-2 3.7 2 104 119 4 1 7 1 3 3 3
IR51164-17-"1-2-2 2.7 1" 118 118 3 2 7 3 5 7 7
IR52586-9-6-5-2-3-B-3-2 2.4 21 100 91 1 1 7 5 7 7 3
IR62533-52-2-1-2-1-B-2-3 2.3 25 102 97 1 7 7 3 7 7 3
IR52586-70-3-2-3-3-B-1-1 2.2 29 95 94 1 1 7 3 5 7 3
IR43559-25-5-3-2 2.2 31 104 107 3 2 7 3 5 3 3
IR43470-7-3-5-1 21 33 90 103 - 2 5 3 3 3 3
IR67453-19-3-3-2-3 2.0 35 110 133 3 1 6 7 9 9 3
1R40931-33-1-3-2 2.0 37 90 108 1 1 5 5 9 7 3
IR57478-2-3-2 1.6 43 95 132 2 1 6 7 9 7 3
IR40931-26-3-3-5 1.3 47 100 124 4 1 7 3 7 3 3
Check variety
IR74 3.0 9 95 95 8 6 6 1 1 3 5
Mahsuri 2.6 14 105 139 9 5 6 3 9 9 7
IR48 2.4 20 107 126 8 1 4 3 5 7 7
Pankaj 2.3 24 95 121 8 5 7 7 9 7 7
IRG8 1.7 43 95 120 9 2 6 1 3 6 3
FR13A 1.2 48 102 155 6 5 7 7 9 9 9

Mean 2.3

CV (%) 25

LSD (v.05) 812
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yielding semidwarf cultivars IR48, IR68, and IR74
were used as checks.

Breeding lines with submergence tolerance can
yield the same as or more than popular rainfed
lowland varieties Mahsuri and Pankaj (Table 21).
However, IR49830-7-1-2-2, which derived a sub-
mergence gene from FR13A, outyielded all check
varieties; possessed resistance to BB biotype 1,
BPH, and GLH; and is about 25 cm shorter than
FRI3A.

These cultivars will be evaluated in the medium-
deep condition of eastern India where water stagna-
tion is a major problem.

The same entries and check varieties were evalu-
ated for yield performance in 1991 WS and DS.
Many lines performed very well in both seasons,
compared with the best irrigated check IR68 (Table
22).

Table 22. Grain yield of rice cultivars evaluated in DS
and WS. IRRI, 1991.

Grain yield* (t/ha)

Designation
WS DS Mean

IR48120-49-5-3-2 5.9 4,2 5.0
IR49830-7-1-2-2 5.7 4.0 49
IR51089-65-1-1-3 5.5 37 4.6
IR31238-474-3-P1 5.0 39 45
IR47310-117-1-3-3 5.0 3.9 4.4
IR37096-50-1-3-3 48 43 45
IR51164-17-1-2-2 4.7 4.1 4.4
IR33380-60-1-2-2 4.6 4.0 4.3
IR49830-26-1-2-1 4.6 39 4.2
IR42241-76-2-3-3 4,5 4.4 4,5
IR19431-72-2 4.5 4.8 4.7
IR43559-25-5-3-2 4.4 29 3.6
IR42221-14-1-3-2-1 4.2 3.3 38
IR43559-39-2-6-3 4.2 35 38
IR41431-68-1-2-3 49 3.0 35
IR41431-11-2-1-3-3 3.9 39 39
IR46292-24-2-2-1-2 35 29 33
IR43470-7-3-5-1 3.1 38 3.4
IR40931-33-1-3-2 3.1 3.6 33
IR40931-26-3-3-5 3.0 3.3 3.2
Check variety
IR68 4.8 5.2 5.0
Mahsuri 4.7 3.5 41
'R48 4.7 3.7 4.2
Pankaj 4.4 38 4.1
IR74 4.1 3.9 4.0
FR13A 1.2 - 1.2

Mean 2.3 3.9

LSD (0.05) 2.3 39

CV (%) 11.6 13.5

*Average of 3 replications in WS and 4 replications in DS.

IR49830-7-1-2-2 and IR51164-17-1-2-2, which
yielded well in the medium-deep conditions, also
performed exceptionally well in irrigated culture,

VARIETAL PERFORMANCE IN DROUGHT- AND
SUBMERGENCE-PRONE CONDITIONS

The rainfed lowland rice ecosystem is characterized
by hydrological stresses that may occur at any stage
of rice development. Solana, Cagayan Province,
Philippines, allows evaluation in three water re-
gimes: drought-prone (stratum [), drought- and
submergence-prone (stratum II), and submergence-
prone (stratum III).

Breeding lines were evaluated for yield under two
water regimes (strata I and II) in rainfed lowland
conditions (Table 23). Many cultivars outperformed
the irrigated checks and had yields similar to that of
Mahsuri, a popular variety in rainfed lowland areas.

IR28526-44-1 (B2025°C-MR-100-2-2/BG90-2//
IR48) and IR41431-68-1-2-3 (IR8234-0T-9-2/
IR19661-131-1-2) were outstanding. The latter also
performed well when direct seeded. IR43526-523-
1-1-1, an improved photoperiod-sensitive line, per-
formed well during 1989 and 1990 trials.

Breeding lines selected from medium-deep con-
ditions were also evaluated at the Solana site, in
strata Il and I11. The area was submerged for 2 d after
transplanting, but seedlings were undamaged. Sev-
eral lines performed betier than the check varieties
(Table 24). IR41431-68-1-2-3, which yielded well
in drought-prone areas for many years, produced the
highest grain yield (4.0 t/ha) in this condition. In
addition, IR49830-7-1-2-2-13-3-2, IR52533-52-2-
1-2-1-B-2-3, and IR52586-9-6-5-3-B 3-2 are im-
proved plant type breeding lines with submergence
tolerance; their productivity is superior to that of
FRI3A, the original parent. These selected lines will
be evaluated in major flood-prone rice areas in
eastern India and Bangladesh.

NEXT STEPS

In 1992, emphasis will shift to increasing breeding
activities in the submergence-prone subecosystem.
Brezding materials for majorrice areas that are prone
to this problem will be evaluated and selected. The
consortium site at Polba, India, will be a breeding
center for screening and evaluation and for conduct-
ing strategic research, with strorig links with satelliie
stations in Patna, Raipur, Cuttac, and Masodha,
Development of rice germplasm appropriate to dif-
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Table 23. Grain yield, flowering date, plant height, and reaction to disease and insects of
breeding lines evaluated under drought-prone conditions in Solrna, Cagayan, Philippines,

1991 WS-
Grain Days Height BB® BPH¢
Designation yield to (cm) biotypes _biotypes  GLH
(t/ha) flowering
12 1 2 3
Mahsuri 3711 119 86 5 6 8 9 9 8
IR28526-44-1 3.6(2) 122 91 2 7 3 4 6 7
IR41431-68-1-2-3 33(3) 116 75 1 7 3 3 3 3
IR46331-PMI-53-2-1-3 3.2(4) 112 74 2 5 65 7 7 8
IR48725-B-8-129-1 3.1(5) 113 81 2 6 3 7 4 3
IR43342-10-1-1-3-3 3.016) 104 74 2 7 4 6 6 3
IR43073-33-3-1-2 3.0(7) 123 77 1 4 2 4 5 5
IR43526-523-1-1-1 2.9 (8) 113 72 1 6 4 5 7 6
IR50500-52-1-3-2 2.9(9) 101 70 1 6 4 4 6 8
IR49612-45-6-2-2 29 (10 123 73 7 3 6 5 5 5
Check variety
IR68 2.1(43) 95 58 1 6 2 3 3 3
IR72 2.7 {20) 109 75 2 6 2 3 4 3
CV (%) 14.9
LSD (0.05) 0.5

*Values are means for 2 replications in stratum | and 2 replications in stratum Il

Table 24. Grain yield, submergance score, agronomic characteristics, and reaction to disease and insects of

breeding lines evaluated under medium-deep water conditions, Solana, Cagayan, 1991 WS.*

Score
Grain Days Plant
Designation yield  Rank to height Submergence BB BPH
(t/ha) flowering {cm) biot1ype biotypes GLH
1. 2 3
IR41431-68-1-2-3 4.0 1 92 115 7 1 1 3 3 3
IR48120-49-5-3-2 4.0 2 112 120 8 1 3 3 3 3
IR52533-52-2-1-2-1-B-2-3 3.8 3 102 97 1 7 3 7 7 3
IR41431-19-2-2-3 38 4 164 11 8 1 2.3 3 3
IR49755-5-1-1-73-3 3.8 5 113 - 7 1 3 3 3 3
IR63506-B-2-1-1-2-2 3.8 6 107 - 5 1 3 7 3 3
IR43015-90-2-1-1 37 8 114 131 9 1 3 3 3 3
IR49612-45-6-2-2 3.7 10 115 130 6 1 3 6 5 5
IR52586-9-6-5-2-3-B-3-2 3.7 1 100 91 1 1 5 7 7 3
IR49830-7-1-2-2-13-3-2 3.7 12 104 119 4 1 1 3 3 3
Cr. 2ck variety
IR48 3.8 7 107 126 8 1 3 5 7 7
Mahsuri 3.7 9 105 139 9 5 6 9 9 7
Wagwag Ramsi 3.4 22
Wagwag Faire 33 30
FR13A 2.6 51 102 155 6 5 7 9 9 9
Mean 33
CV (%) 11.4
LSD (0.05) 761
“Values are means for 2 replications in stratum Il and 2 replications in stratum Il
78 IRRI program report for 1991
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ferent farming systems will be intensified. Restric-
tion fragment length polymorphism technigues will
be employed te tag genes for submergence tolerance
and additional gene(s) for photoperiod sensitivity.
Anattempt will be made to incorporate a higher level
of Bl resistance into the advanced breeding lines, as
it is anticipated that better crop management may
increase the disease inoculum of the susceptible
varieties presently grown by farmers.

An appropriate field design will be used to de-
velop the “fertility strips™ at Ubon to identify rice
cultivars with yield stability in low fertility condi-
tions and responsiveness to additional inputs.

Genetics, physiology, and screening
methods

Research has been directed toward understanding
the genetics and physiology of rice under different
walter regimes. Previous work emphasized genetic
studies on photoperiod sensitivity, leaf epicuticular
wax, and root distribution and penetration as mecha-
nisms for escaping stress; additional research on root
responsiveness to water deficit is reported below.

ROOT GROWTH AND DISTRIBUTION UNDER

WATER DEFICIT CONDITIONS

Survival and productivity of rice under water-lim-
ited conditions depend strongly on the roots’ ability
to take up water from the soil. Two field experiments
conducted during the 1991 DS assessed the growth
and development of rainfed lowland rice roots in
response to water deficit,

Total root length (cm)

Transplanted rice. An experiment was con-
ducted in puddled, but fast-draining soil with depth
to free water below | m, so that water deficit devel-
opedquickly. The experiment design was a split plot
with four replications. Main plot treatments were
four water regimes: 1) well watered, flooded daily;
2) vegetative phase stress, nonirrigated from 2| t0 49
DT; 3) panicle development stress, nonirrigated from
4210 56 DT; and 4) panicle emergence stress, nonir-
rigated from 56 to 74 DT. To impose similar severity
of stress for the different stress timings, stress peri-
ods were stopped when the leaf rolling score of the
most susceptible genotype reached 5 (tightly rolled).
All plots were flooded daily except during their
stress periods. Subplots were three genotypes:
IR33380-7-2, a promising rainfed lowland breeding
line; IR20; and Kinandang Patong, a drought-toler-
ant upland cultivar. As these genotypes had slightly
different rates of phenological development, stress
periods did not occur at identical stages of develop-
ment,

Roots were observed weekly withaminirhizotron.
Total root length (TRL) was less with water deficit
than with the well-watered treatment for all stress
timings (Fig. 13). During vegetative and panicle
uevelopment stresses, TRL continued to increase
though more slowly than during the well-watered
treatment. During the panicle emergence stress pe-
riod, TRL declined in both well-watered and stressed
plots. Stress effects on TRL were greater during
panicle development than during vegetative or pan-
icle emergence stages. Stress effects on TRL per-
sisted after reflooding for vegetative and panicle

= Woall watered
30+ IR20 - IR33380-7-2 $ H <7 Vegelative phase
-0 Panicle development
-@— Panicle exsertion
®
20} -~ 0, - Kinandang Patong
O
104~ = -
o 1 1 1 1 1 i 1 [} 1
0 0 20 40 60 80 0 20 40 60 80

Days after transplanting

13. Total root length of three genotypes in response to water deficit at different growth stages. Horizontal lines

indicate stress periods.
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Table 25. Total root length of 12 rice genotypes at the end of and 34 d after a 30-d water

deficit under wet seeded lowland conditions.

Total root length {cm)

Genotype 56 DAS 89 DAS
Continuously Stressed Continuously Stressed
flooded 25-55 DAS flooded 25-55 DAS
IR20 21.0 7.9 30.0 21.6
IR72 19.2 3.8 27.5 28.4
IR191431-72-2 19.0 7.2 238 229
IR43449-SKN-522-3-1-3 16.9 4.6 28.6 316
Binato 16.5 10.0 313 344
|R46331-PM-53-2-1-3 15.9 10.6 345 38.6
IR13146-45-2-3 14.2 121 17.6 35.8
IR47310-117-1-3-3 13.4 3.4 21.3 253
IR43526-523-1-1-1 10.8 6.9 284 36.6
IR46 10.0 1.4 20.6 39.1
|R28626-33-3-25-2-3 9.0 6.6 21.2 29.8
IR49612-45-6-2-2 7.8 6.0 22.0 38.6
LSD (0.05) between
water regimes 2.0 3.0
genotypes 49 7.3
development stresses, but TRL of all treatments Total root length (cm)
tended to converge as plants neared harvest.
In the well-watered trf:atmem. IR33380-7-2 had 401~ [~o— Continuously flooded

the greatest TR and Kinandang Patong the least —e-~ Drained 25-55 DAS .

(Fig. 13). Under water deficit there were few differ- i

ences between IR20 and {R33380-/-2, but both had 301

greater TRL than Kinandang Patong. Yields had

similar trends to TRL. That IR20, the drought-sus- -

ceptible check in upland screening, had greater TRL 20

than Kinandang Patong, the drought-tolerant check

inupland screening, demonstrates that root traits that -

conferadaptation todrought conditions differ greatly

10

for upland and rainfed lowland rice ecosystems. The
data do not sllow identification of those traits, but
they do underscore the need for research on benefi-
cial root traits for upland and lowland ecosystems.

Wet seeded rice. In a puddled, slowly draining
clay soil, germinated seeds were dibbled in 20-x 20-
cm hills with 3-4 seeds/hill. The experiment design
was a split plot with three replications. Main plot
treatments were two water regimes: continuously
flooded and water deficit. Water deficit plots were
kept flooded except from 25 to 55 days after seeding
(DAS) when irrigation was withheld. Subplot treat-
ments were 12 genotypes including I traditional and
3 improved cultivars and 8 promising rainfed low-
land breeding lines (Table 25).
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14. Total root length of continuously flooded and drought-stressed
rice, 1991 DS. Average of 12 varieties.

For the average of all experimental genotypes,
water deficit generally reduced TRL from 32 to 72
DAS as compared with the continuously flooded
treatment (Fig. 14). Thus, water deficit effects on
TRL persisted about 15 d after ending the stress
period. From 85 to 125 DAS, TRL was generally



Soil depth (cm)

M Continuously flooded

40-50 i Drained 25-55 DAS
32 DAS
50-60
Lot L1 R B T 1
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Percent total length

15. Relative root distribution during drought stress (32 and 48 DAS) and 1 d after rewatering (56 DAS).

greater in the water deficit than in the continuously
flooded plots. During water deficit, the proportion of
roots in deeper soil layers increased more than that in
the continuously flooded plots (Fig. 15). After the
stress, the distribution of roots through the soil
profile in water deficit treatments tended to return to
the distribution of the continuously flooded treat-
ment,

Genotypic differences in TRL were significant at
56 and 89 DAS (Table 25), but TRL of well-watered
and stressed plants were not significantly correlated,
nor was TRL correlated with grain yield (data not
shown). Clearly TRL is not the best rice root measure
for evaluating responses to water deficit. Future
work will emphasize roots in different soil layers.

WATER USE IN RESPONSE TO TIMING

OF WATER DEFICIT

Rice responses to water deficit differ with growth
stage. Rice yields are most susceptible to reduction
by water deficit during panicle emergence. To eluci-
date stress effects on productivity, water use patterns
of three rice genotypes—IR20, IR46, and IR72—
were measured under four walter regimes: well wa-
tered, vegetative phase stress (16 to 48 DAS), repro-
ductive phase stress (3510 55 DAS), and boot te carly
grain filling stress (70 to 86 DAS). Stresses were
stopped when the first cultivar reached a leaf rolling
score of 5 (tightly rolled leaves).

Cumulative evapotranspiration (ET) deficit. the
gravimetrically measured difference in daily ET of
control and stress pots, increased faster as stress
onset occurred later in the crop growth cycle (Fig.
16). One reason that rice yield is susceptible to

reduction by water deficit during panicle emergence
is because stress develops faster at this stage.

Cumulative ET deficit was significantly greater
for IR72 than for the two other cultivars in all stress
timings, but the difference was least when stress
occurred at boot and early grain filling stages (Fig.
16). Leaf area increased more rapidly in IR72 than in
the other cultivars. At the time of the boot and early
grain filling stress, the leaf area of the two other
cultivars approached that of IR72 and differences in
cumulative ET deficit were less.

Grain yield decreased as stress began later in the
crop cycle (Table 26). In the well-watered, vegeta-
tive phase stress, andreproductive phase stress treat-
ments, IR72 yielded more grain than IR20 and IR46,
but with boot and early grain filling stress, the
genotypes showed no yield differences. Although

Table 26. Grain yield and water use efficiency of 3 rice
genotypes in response to water deficit timings.

Grain  Water use
Cultivar  Stress timing yield* efficiency

(g/plant)  (g/liter)
IR20 Well watered 537 b 1.01

Vegetative phase 42,7 «cd 0.87
Reproductive phase 29.6 f 0.65

Boot to grain filling 12.6 g 034
IR46 Well watered 531 b 0.90
Vegetative phase 44.7 ¢ 0.82
Reprodtctive phase 35.2 e ~0.68
Boot to grain filling 14.0 g 0.35
IR72 Waell watered . 62.2 a 0.98
Vegetative phase 55.9 b 0.93

Reproductive phase 40.2 d 0.69
Boot to grain filling 12.0 g 024

*Means followed by the same letter are not significantly ditfer-
ent at P < 0.05 by LSD.
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16. Effect of water deficit at 3 growth stages on curnulative ET
deficit of 3 rice genotypes.

IR72 was the first cultivartoreacha leafrolling score
of 5 in all stress timings and had greater ET deficit,
yield loss was not greater than in the other cultivars.

Water use cfficiencies were similar for all culti-
vars (Table 26), and values in well-watered treat-
ments were similar to the greatest values reported in
other experiments. Ou the other hand, there were
significant differences in the relationship between
seasonal ET and grain yield for the three cultivars
(Fig. 17). In all stress timings, IR72 had the greatest
seasonal ET and IR20the least. Inaddition, IR72 had
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17. Relationship between seasonal ET and grain yield of 3 rice
genotypes.

a much greater slope for the regression between
seasonal ET and grain yield. Greater seasonal ET
and faster development of ET deficit may have
produced greater yield loss if stress periods were
longer, but the results suggest that the ability to use
water faster may confer greater productivity even
under moderate water deficit conditions.

NEXT STEPS

Root systems and drought-relate: physiological traits
of improved rainfed lowland brecding lines that have
consistently performed well in drought-prone envi-
ronments will be characterized. Emphasis will be
placed on the genetics and physiology of the im-
proved lines for tolerance for submergence and stag-
nant flooding.
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Upland rice ecosystem

Subprogram I: Sustainable land and
resource management

Factors determining productivity

UPLAND RICE FARMER PRACTICES IN SUMATRA,
INDONESIA

In Sitiung, Indonesia, scientists from the Sukarami
Agricultural Research Institute for Food Crops
(SARIF), the Sitiung Research Sub-Station, and
IRR! condncted a diagnostic survey to 1) character-
ize the upland rice (UR) agroecosystem; 2) under-
stand farmers’ upland rice cropping practices, con-
straints. and problem-solving capabilities; 3) iden-
tify and prioritize problems resulting in low or de-
clining yields; and 4) identify and prioritize future
research activities.

The survey area was divided into two agro=cosys-
tems. The first (Sitiung 1 and 11} features level to
gently rolling lands and permanent animal-drawn
plow agriculture, with some areas being converted to
lowland rice cultivation since completion of govern-
ment irrigation systems. The importance of UR is
expected to decline in these areas as that of lowland
rice, perennial and plantation crops, and legumes
continnes to increase. The second agroecosystem
(Sitiung 111, 1V, and V) is characterized by slcping,
forested, or recently forested land and by slash-and-
burn or hoe agriculture.

In the first agroecosystein, land was cleared by
slash and burn, then plowed, harrowed, possibly
hoed, and dibble seeded. The farmers applied sub-
stantial quantities of inorganic fertilizer. They also
applied farmyard manure (FYM) in small continu-
ous lots to UR, nonrice crops after rice, low-yielding
plots, and areas planted to rice in rotation.

In the second agroecosystem, lands are clezared
initially by slash and burn and then dibble seeded.
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After several croppings, fields are hoed after slash-
ing and before seeding in response to increased weed
infestation. In some areas, farmers work in coopera-
tive s7oups to clear land, seed, weed, and, some-
times, harvest and thresh.

Farmers burn rice stubble to speed land prepara-
tion for crops of soybean, mungbean, or peanut after
rice; improve soil nutrient cycling; and improve crop
stand in order to reduce weed pressure.

Of the total 135-165 d of labor inputs/ha, weed-
ing labor consumes from 40 d/ha for sloping upland
fields to 65 d/ha for plowed, permanently cultivated
fields. Older sloping upland fields require about
40 d additional labor/ha for noeing for land prepara-
tion (Table 1). Yields range from 0.6 t/ha from older
sloping fields 0 1.3 i/ha on permanent plow-culti-
vated ficlds. In all areas, farmers provide large and
perhaps increasing amounts of weeding lzbor, inor-
ganic fertilizers, and insecticides to realize low,
declining, and risky rice yields.

Farmers ranked wild pigs as the major cause of
reduced yields, with insects (rice bug) and weeds as
equal second. From field observations and past re-
search inthe are.a, the survey researchers ranked wild
pigs first, soils second, and weeds third in impor-
tance.

Pigs are a major cause of crop damage in fields
close to forests or tree plantations. Because SARIF
and IRRI have no expertise in this area, a consultant
muy be needed to address the problem.

Farmers reported inoderate yields onnewly opened
lands, but low and declining yields over time. Mod-
erate amounts of inorganic fertilizer are applied in
some areas, but crops respond poorly to fertilizer. In
the past, farmers applied lime whenit was subsidized
by the government, and sotme burned crop residues
to improve soil fertility. Goals of suggested research
include 1) obtaining a better understanding of farm-
ers’ crop and soil management practices; 2) devel-
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Table 1. Rice crop input-output budget on plowed and slash-and-burn lands.” Sitiung,

Sumatra, Indonesia.

Slash-and-burn tand

ltein Plowed land Newer fields Older fields
Mean Range Mean Range Mean Range
Labor (d/ha)
Slash, burn 13 8 - 20 32 18 - 45 15
Plow 6 4 - N na na
Hoe na 0 42 6 - 100
Harrow 7 2 - 14 na na
Bibble 15 g8 - 20 19 15 - 24 19 16 - 20
Fertilize 1 4 3 - 4 4
Weeding 64 30 - 100 38 122 - 60 39 28 - 60
Spray 1 3 2 - 5 3
Harvest, thrash 32 23 - 40 39 29 - 60 40 24 - 66
Total labor 139 135 164
Materials
Seed tkg/ha) 45 30 - 70 48 40 - 80 35 30 - 40
Farmyard manure 3 1.5 - 4 - -
(t/ha)
Fertilizar
Iliea 53 20 - 100 37 8 -150 30 10 - 100
TSP? 75 50 - 1C0 34 0 - 150 125 25 - 250
KCl 60 50 - 100 0 8 0- 25
Inseciicide® 85%¢ 3-6 sprays 60% 1 spray
Yield (t/ha) 1.3 0.8 - 24 1.0 03- .7 26 04 - 08

*na = not applicabie. *TSP = triple superphosphate.

range is frequency of use.

oping methods to assess yield potentials and input
costs as functions of rainfall distribution, subsoil
acidity, cultivar tolera.ice for subsoil acidity, and
farmers’ practices; 3) develop cost-effective means
of leaching lime materials downwards; and 4) do
further research on organic inatter management.
Farmers reported that insect problems have in-
creased over time and identified rice bug as a major
problem in all areas. Stink bugs, locusts, hoppers,
and ants are also problems. Research needs to 1)
develop low-cost insect control methods, 2) investi-
gate dry season (DS) dormancy sites of the rice bug
to determine off-season control methods, 3) estab-
lish economic thresholds for rice bugs, and 4) de-
velop rice cultivars that mature at the same time.
Bacic and applied research are required because
farmers need problem-solving inuovations to im-
prove their current conditions. Substantial on-farm
interdisciplinary team research is essential.,

IMPROVING RAINWATER MANAGEMENT IN
EASTERN INDIA

The uplands in eastern India cover several million
hectares and are contignous in the Chotanagpur

‘Mean is percentage of farmers using insecticide;

plateau in Bihar. Because of low and concentrated
rainfall (1,130 mm from June to October), the up-
lands are traditionally cuiciv sted only in wet season
(WS) to grow a 4-yr crop-fallow rotation cycle of
millet - black gram - rice - fallow. Lands generally
remain fallow during DS for lack of soil moisture.

Analysis of existing farming systems and hydro-
logical mapping of the area indicated potentials for
collecting rainwater in valley check reservoirs. The
reservoirs could be used to supplement the water
needed forvice during droughts and to irrigate short-
duration DS crops. The analysis includedland, labor,
and cash resources; land types and use patterns; and
crop calendars indicating rainfall pattern and labor
availability and use. Hydrological mapping deter-
mined water resources, surface and subsurface hy-
drology, water losses and recharge characteristics of
the soil, occurrence and severity of drought, and
«fimatic factors.

The possibility of on-farm rainwater collection
and management was explered at Handio village in
Hazaribagh. Villagers constructed 16 rainwater-
holding structures (reservoirs and ponds) ranging in
surface area from 1.75 ha in the uppermost topose-
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quence with large runoff catchment areas, to 0.25 ha
in lower Jands along the slope. During the summer
months, family and exchange labor was used to
construct the tanks. The catchment-to-storage ratio
in terms of land surface area varied from 10:1 t0 6:1.
Onaverage, each person moved 0.6 tc 1.0 m* of earth
per day The volume of available water in these
structures varied from 0.91 ham to 1.69 ha m for 7
to 10 mo (July-April). With government support,
farmers also constructed 37 concrete wells.

The water from tanks is distributed for irrigation
by gravity through concrete culverts placed at vary-
ing depths from the water surface and connected to
earthen channcls at different elevations. The system
reduces dike maintenance because it allows drawing
water at different levels in the tank without cutting
the dike or siphoning.

Through these practices, the cropping intensity in
the area has increased from <100% to 160% in the
upper toposequence and from 150% to almost 25C%
in the lower lands. Increased cropging intensity is
achieved through vegetable cultivation during DS,
including legume - potato -+ spices from October to
February, and a suminer crop of tomato by some
farmers. All farmers continue to grow rice, legume,
and some vegetables during WS. Rice - legume -
potato + spice - tomate is the most common crop
sequence.

Three farmers also started raising fish (common
carp) at low stocking densities (6,000/ha). Results
with older fingerlings weighing 50 g or more are
promising. With the increase in cropping intensity,
the village farmers have also started stall feeding
livestock and using animal manure in vegetable
production, practices not followed previously be-
cause of difficulties in collecting dung from distant,
open-land grazing areas.

LOSSES FROM INSECT AND VERTEBRATE PESTS
The UR agroecosystems can be classified into three
successional types. The types represent degrees of
land use, from forest to extensively tilled farmland.
The kinds and intensities of insect and vertebrate
pests differ with each agroecosystem. From analysis
of pest sainpling and yield loss studies carried out
across the range of successional types, a general
picture of the succession process can be drawi.
Pioneering slash-and-burn agriculture often in-
cludes patches of UR planted by dibbling. Forest-
dwelling animals lingering in the patches of standing
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forest forage on the small patches of UR and fre-
quently cause crop failure. Yield loss can be extreme
(as in Sitiung, Sumatra) because for wild pigs, rats,
squirrels, deer, birds, monkeys, elephants, and rhi-
noceroses, rice is a highly preferred food. The rice
bug can seek out patches of rice and is an impo1iant
pest.

Grassland oftcn replaces the forest before human
population pressure converts it all to farmland,
When the forest is replaced, most forest-dwelling
animalsexceptrats and birds disappear. Pests adapted
to the grasslands are often able to infest rice. They
include 1) soil pests such as whiie grubs Leucopholis
irrorata (Chevrolat), Holotrichia mindanaoana
Brenske, and Anomala spp.; 2) termites Macrotermes
gilvus (Hagen); 3) root aphids Tetraneura nigriab-
dominalis(Sasaki), Rhopalosiphum rufiabdominalis
(Sasaki); 4) mole cricket Gryllotalpa orientalis
Burmeister; 5) seedling maggot Atherigona oryzae
Malloch; 6) striped stem borer (SB) Chilo suppres-
salis (WIk.), pink SB Sesamia inferens (WIk.), and
gold fringed SB Chilo auricilius Dudgeon; and 7)
armyworms Mythimna separata (WIk.), Spodoptera
mauritia acronyctoides Guenée; or 8) other defolia-
tors (as in Claveria, Mindanao, Philippines). Losses
are chronic and range from 20 to 40%.

As more settlers arrive and plow under the peren-
nial grasslands, alternate hosts of rice pests are
reduced, and pest problems decline, probably in
direct proportion to the number of tillage operations
on the farmland. Soil disturbance exposes soil pests
to desiccation and natural enemies. Reduced grass-
land means reduced habitat for the seedling maggot
and defoliators. Losses are less than 5% from insects
in intensive systems such as those in Batangas,
Luzon, Philippines, and are even smaller from verte-
brate pests whose habitats have vanished.

As upland areas are planted more intensively to
annual crops, perennial habitats decline. Because
UR is planted only once a year, pests must survive on
alternate hosts, which decline as crop intensification
increases. In the lowlands, on the other hand, mul-
tiple rice cropping increases pest probiems as the
protective dry fallow is broken by irrigation and DS
rice.

SN TECHNIQUE TO QUANTIFY BIOLOGICALLY
FIXED NITROGEN CONTRIBUTION OF LEGUMINOUS
TREES IN HEDGEROWS

Leguminous trees such as Gliricidia sepium and



Cassia spectabilis play a major role in hedgerow
intercropping systems by providing or recycling
nutrients, particularly N and organic matter. How-
ever, data are lacking on the long-term N contribu-
tion to hedgerow systems through biological N fixa-
tion (BNF) of leguminous trees. This is mainly
because suitable methods to quantify the BNF of
trees are unavailable.

In collaboration with the Commonwealth Scien-
tific and Industrial Research Organization (CSIRO),
Canberra, and the University of Queensland, Austra-
lia, we assessed the suitability of the natural
abundance ““N (8"*N) dilution method to estimate N,
fixation by G. sepium and to evaluate the N, fixation
ability of C. spectabilis in hedgerow intercropping
systems. This assay, when used with appropriate
caution, may overcome some of the important con-
straints to the successful estimation of BNF in legu-
minous trees.

Hedgerow species were planted in double rows
during the 1988 rainy season in Claveria, northern
Mindanao. The seedlings were established along the
contour line in rows spaced 50 cm apart on a 25-cm-
high contour bund. Each species was planted in a
5-m-long hedgerow with 5 m between hedgerows.
The trees were pruned to about 50 cm aboveground
4 times a year. Plant subsamples were analyzed for
total N by the micro-Kjeldahl method. The §“N
analysis was made on a dual collecting isotope ratio
mass spectrometer (Model VG 903) and expressed
as 8N with reference to air N, where

8" N = 1,000 (R

wample

- Rnu N )/R

ar NZ

R is the ratio mass 29/mass 28 = "*N “N/"N,. The
variation in plant extractable soil N and its §'*N was
examined in Oryza sativa grown for 7 wk on soil
from the G. sepium and C. spectabilis hedgerow
treatments from depths of 0-15, 15-30, 30-60, and
60-100 cm.

Figure I shows 8N of the total N of C. specta-
bilis and G. sepium prunings from six samplings
from January 1990 to July 1991. The mean and
standard error of 8N of the samplings were 6.00%
+0.29° for C. spectabilis and 2.79% + 0.44 °,, for
G'. sepium. The overall trends of 8N for the two
species were similar. The 8N (/) contents of
C. spectabilis were very similar to those of soil ex-
tractabie N (5.95% +0.82 %, atdifferent soil depths,

suggesting that C. spectabilis did not fix N,. The

3'5N
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4 -
Gliricidia sepium
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1. Changes over time in the 8N (%) of total N of Cassia

spectabilis and Gliricidia sepium in hedgerow intercropping
systems.
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2. BNF (%Ndfa) in different prunings of Gliricidia sepium
hedgerow intercropping systen.

data indicate that this species may be suitable as a
non-N-fixing reference. The biologically fixed N in
G. sepium ranged from 3010 60% of the total N, with
an average BNF percentage of 43% (Fig. 2).

The results show that C. spectabilis, acommonly
grown non-nodulating leguminous tree, is not an N,
fixer. Its consistently high N content is due to ex-
traordinary efficiency in exploiting native soil N. N.-
fixing trees such as G. sepium not only recycle soil N,
but contribute a substantial proportion of their total
N as biologically fixed N, enhancing the fertility of
sloping acid upland soil for alley crops such as
uplard rice.

SYNERGISTIC PRODUCTIVITY INTERACTIONS IN AN
INTEGRATED CONTOUR HEDGEROW SYSTEM

Leguniinous trees are widely used in alley farming
research, but farmer adoption is low because of the
high labor investment required to prune tree hedge-
rows. Multiple-purpose hedgerows, which both
minimize soil erosion and provide cash incomes,
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may overcome some of the problems of monoculture
tree hedgerows.

Arabica coffee was evaluated as a cash-generat-
ing hedgerow species in an on-farm experiment at
Claveria. The trial investigated the interaction of
coffee with the hedgerow as green leaf manure for
soil amendment or with grass fodder for livestock,
and their effects on cereal crops.

Coffee was planted 2.5 m apart in the hedgerows
and interplanted with either G. sepium or napier
grass Pennisetum purpureum, or a combination of
both. Each coffee seedling was fertilized at planting
with 200 g chicken manure and 53 g lime, except for
two treatments that received no inputs. UR was
planted in the alleys during early WS, followed by
maize late in WS. The experiment consisted of seven
treatments in a randomized complete block design in
a farmer’s field with a 20% slope.

Hedgerows were pruned 7-10 u before planting
rice. Prunings were applied to the alley and plowed
under. Subsequent prunings 30 and 55 d after emer-
gence (DE) of rice were applied as surface mulch.
The hedgerows were pruned immediately after sow-
ing of maize and at 35 DE, and prunings were
applied as surface mulch,

P. purpureum was pruned 3 mo after establish-
ment and once a month thereafter, with prunings
removed.

Upland rice IR30716-B-1-B-1-2 was seeded at
100kg/ha and maize Pioneer hybrid at 20kg/ha. Rice

was drilled in rows 30 cm apart, and maize in rows
60 cm apart. P was applied basally at 20 kg/ha torice
and 30 kg/ha to maize.

Initial coffee growth was enhanced by G. sepium
even though the trees were planted in close proxim-
ity and at high density. Coffee yiclds were increased
by the intercropped G. sepium, in the presence or
absence of external nutrient inputs (Table 2), but
yields were reduced when coffee was planted with
napier, in the presence or absence of G. sepium. The
dry herbage of napier ranged from 5.23 to 6.40 t/ha,
which would support 3-4 cattle in a cut-and-carry
systemt.

G. sepium produced total dry matter pruning
yields of 3.40 to 6.63 t/ha. Yields were reduced 45%
inthe presence of napier. Prunings contributed means
of 88 kg N/ha, 6 kg P/ha, and 52 kg K/ha (Table 3).
N yields exceeded 100 kg/ha when the G. sepium
was not intercropped with napier.

Both rice and maize responded well to green leaf
manure (Table 2). Rice yields averaged 0.9 t/ha
without G. sepium as a hedgerow component, but
ranged from 1.7 to 2.4 t/ha when G sepium leaf
biomass was applied (Table 2). A strong positive
linear relationship (¥ = 1.022 + 0.035X, R? = 0.90)
existed between the quantity of dry pruning biomass
applied and rice yield, which averaged 0.4 t/ha per
ton of biomass applied.

Maize yields were also stimulated by G. sepium.
They averaged 1.7 t/ha among treatments without

Table 2. Agronomic data on hedgerow combinations.* Ane-i, Claveria, Misamis Oriental,

Philippines, 1330.

P. purpureum Grain yield
Hedgerow G. sepium dry
combination® TDMYe herbage Coffee Upland rice Maize
{t/ha) (t/ha) (kg/ha) {t/ha) (t/ha)
GS + PP 37 b 5.4 1.9 ab 2.21ab
C 132 09 ¢ 159 ¢
C+GS 6.4a 155 2.1ab 294 a
C+PP 6.4 7 08 ¢ 158 ¢
C+GS+PP 34 b 5.2 27 1.7 b 199 b
C with no input 13 09 ¢ 201 b
C+GSwithnoinput 6.6a 43 24a 273a
Mean 5.0 5.7 63 1.5 2.15
CV (%) 14.67 27.53 22.1 18.60
LSD (0.01) 2.2 5.9 0.8 1.00
{0.05) 1.5 35 0.6 0.71

*Means are for treatments with G. sepium and P. purpureum. The first pruning exciuding stems was
incorporated as green manure; subsequent prunings were applied as mulch. Coffae received 200 g
chicken manure and 53 g lime applied as basal and every 6 mo thereafter (exceptinthe 2 treatments with
no input). *GS = Gliricidia sepium; C = coffee, PP = Pennisetum purpureum, Total dry matter yield.
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Table 3. Cumulative macro- and micronutrient yields of
G. sepiumin hedgerow combinations from a tota] of 3
successive prunings® during the first upland rice (UR)
crop. Ane-i, Claveria, Misamis Oriental, Philippines,
1990 wet season (WS).

Macronutrients Micronutrients

Hedgerow (kg/ha) (kg/ha)
cornbination®

N P K Ca Mg Si
GS + PP 70.6 45 412 49 471 8.4
C+GS 104.6 66 610 73 698 139
C+GS+PP 64.4 41 375 45 429 86
C+GS 113.4 7.2 662 7.9 756 15.1
Mean 88.3 56 6515 6.2 588 11.8
CV (%) 170 171 17.0 171 17.0 17.0
LSD (0.01) 45.5 29 266 3.2 304 6.1
(0.05) 30.2 1.9 175 21 200 4.0

‘Average nutrient concentration in the prunings: 3.00% N,
0.20% P, 1.75% K, 2.00% Ca, 0.21% Mg, 0.40% Si. °GS = Gliricidia
sepium, PP = Pennisetum purpureurn, C = coffee.

the legume, and 2.5 t/ha in treatments with G. sepium
as a hedgerow component. G. sepium had a more
modest effect on rice and maize yields when com-
bined with napier, presumably due to lower green
leaf manure production in these treatments and coin-
petition between napier and the annual crops.

G. sepium intercropped in a coffee hedgerow
stimulated both perennial and annual crops grown in
the alleys. The napicr was competitive with other
hedgerow components and wiih the annual crops,
but did provide fodder. The economic viability of
such integrated hedgerow systems will depend on
relative prices of the various commodities.

FORAGE LEGUMES AS ON-FARM NITROGEN
SOURCE FOR UPLAND RICE - MAIZE

The soils in which UR is grown are usually acigic
and low in inherent fertility. Where N seriously
limits biomass and grain yield production, inclusion
of legumes may increase N supply through symbi-
otic N fixaticn.

We conducted a 4-yr study to evaluate the man-
agement requirements and effectiveness of indeter-
minate lablab Lablab purpureus and cowpea Vigna
unguiculata in supporting the N requirement of UR
and maize when inserted in the crop sequence.
Management alternatives weare intercropping, 1elay-
cropping, and sequential cropping of legume and
UR. The legume contributed N to the cereal crops
mainly through incorporation at the end of DS, or
between crops in WS. Slashing during the crop
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3. Cumulative grain and total dry matter (TDM) yields of upland
rice (UR) UPI.Ri-5 incropping patters with indeterminate forage
legumes 53 a source of N for UR - maize (M) cropping sequence,
IRRI, 1987-90. 1. = lablab, C = cowpea. Spacing for L is 160 cm
in CP2,CP3; 180cminCP5,6,7,8; and 240cm in CP4, CP9. CP1
=UR-M,CP2=UR+L/M,CP3=UR + C/LL/M,CP4 =UR +L/
M,CP5=UR +L/M,CP6=UR-M+L,CP7=UR-M+L,CP8
=UR-L.CP9=UR+L-M.

growth period also contributed modest amounts
of N.

The experiment started with monoculture, inter-
crop. and relay combinations of UR, cowpea, and
lablab. After the rice harvest in 1986, lablab was
allowed to grow through the 5-mo DS each year.,

Rice was seeded at the rate of 70 kg/ha in rows
20 cm apart. In the intercrop, lablab was spaced at
160-cm row distance (7 rice rows in between), 180
cm (8 rice rows), or 240 cra (11 rice rows). At the
onsetof WS, about 2-3 wk before UR seeding, lablab
was cut, chopped, and incorporated into the s0il. In
1987, cutting height was varied between 30 cm from
the ground for the thi:d and fourth cropping pattern
treatments (CP3 and CP4) or at 10 cm aboveground
for CP5. In subsequent years the cutting height was
standardized at 50 cm aboveground because low
cutting heights resulted in poor vegetative regrowth.
Excess vegetative growth of lablab was pruned and
applied as mulch.

In general, the average yields of UR were low
across the years and cropping patterns (Fig. 3). Grain
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yield differences among cropping patterns were
significant (P<0.01) in all years. For total dry matter
(TDM), differences were significant exceptin 1988.
The highest cumulative grain and TDM yields came
from monocropped UR followed by lablab or by
maize + lablab (CP6, CP7, and CP8).

Grain yields of rice + lablab (CP2, CP3, CP4, and
CP5) were similar to the control pattern (CP1) with-
out the legume; but dry matter yields in all these
treatments were substantially higher (Fig. 3). Al-
thoughthe intercrop stimulated the vegetative growth
of rice, interspecies competition later in the growing
season overcame the beneficial effects on biomass,
and caused a lower harvest index.

Cumulative grain yields were lowest from CP4
and CP9, in which UR was intercropped with lablab
spaced at 240 cm followed by maize. Lablab bio-
mass from CP4 was removed, simulating its use as
fodder. Removed biomass was applied to the crop in
CP8, where the N addition did not offset the depres-
sive effect of competition and the rice did not benefit
from the lablab intercrop.

Figure 4 presents grain and TDM yields of the DS
maize crop (IPB Var I) in the different cropping
patterns for [988t0 1990. Exceptduring 1988, maize
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4. Cumulative grain and TDM yields of M IPB Var 1 in cropping
patterns with indeterminate forage legumes as a source of N for
UR - M cropping sequence, IRRI, 1988-90. For cropping patterns
legend, see Figure 3.

90 IRRI program report for 1991

grain yield variations among cropping patterns were
statistically significant, UR - maize (CP1) and UR -
maize + lablab (CP6 and CP7) consistently produced
low grain and TDM yields. These treatments had
maize intercropped with lablab following an UR
monocrop. Maize monocropped, relayed, or follow-
ing UR + lablab (CP2, CPS, and CP9) consistently
produced high grain and TDM yields.

Two processes could be influencing maize grain
and TDM yields: 1) yield is depressed when maize
follows UR or UR + lablab, regardless of lablab
spacing; and 2) yield increases when maize follows
UR + lablab when lablab is at a relatively close row
spacing.

TDM contributed by lablab ranged from 3 to 6
t/ha per yr among the cropping patterns (Fig. 5).

Across years the total N addition ranged from 80
to 211 kg/ha, which came mostly from the plowed-
down green manure. Treatments with closest spac-
ings of lablab rows in the intercrop (160 and 180 cm)
tended to have the highest cumulative N contribution
(CP2 and CP5).

Forage legumes integrated into UR-based crop-
ping systems can supply N and organic matter to the
cereal crops, resulting in increases in the yields of
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5. Cumulative TDM and N additions from lablab in the different
cropping patterns, IRRI, 1987-90. For cropping patterns legend,
see Figure 3.
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rice and maize in sequence. Whether such a system
is viable depends on opportunity costs of labor and
the extent to which N is the dominant limiting factor.

SOIL MANAGEMENT FOR AN UPLAND RICE-BASED
SYSTEM IN WESTERN SUMATRA

Acidity, low soil fertility, and erosion are major soil
constraints in Sitiung. Similar conditions are exten-
sive in other parts of Indonesia and Southeast Asia.
Oxisols and Ultisols are the predominant soils in the
area.

The project objectives are to identify factors that
limit yields of UR and other food crops and to
develop management strategies to overcome those
factors and sustain reasonable yields. One set of
trials conducted at the Sitiung research station ad-
dresses the sustainability of cropping on newly opened
forested areas. Another set of trials in farmers’ fields
in Sitiung IV addresses the problem of Imperata
cylindricainfestation. On-station trials started in late
1990, and trials in farmers’ fields commenced in late
1991. Both trials will be conducted for aminimum of
5 yr. We will evaluate yields and changes in soil
chemical, physical, and microbiological properties.
This report presents results of three trials at the
experiment station.

Experiment 1. Soil and fertilizer management
of anewly opened, acid upland soil. Short-term ob-
Jectives were to assess the contribution of NPK fer-
tilizer and lime on yields of UR and other crops in
rotation, and to identify factors that limit the effec-
tiveness of fertilizers. Longer term objectives were
to 1) determine the role of fertilizer in combination
with soil-conserving practices, 2) determine the role
of hedgerows in maintaining productivity of acid
uplind soils, 3) identify soil indices of the productiv-
ity of acid upland soils, 4) determine the effects of
cover crops and crop residue incorporation on soil
fertility, 5) monitor changes in soil properties over
the long term, and 6) monitor effects of soil manage-
ment on weed populations.

The trial was conducted in two lots, both having
the same crop sequences and fertilizer treatnients.
Lot A had hedgerows of Flemingia and Lot B had
1-m grassy strips between plots. Prunings from Flem-
ingia hedgerows were returned to the upper plots
adjacent to the hedgerows. The initial soil analysis is
given in Table 4.

UR variety Danau Atas was dibbled on 30 Oct
1990 at 3 seeds/hill, with 10 cm between hills and

Table 4. Initial analysis of the surface soil* of lots A, B,
C, and D, Sitiung Experiment Station, Sumatra, Indo-
nesia.

Soil property* A B C D

pH {1:1 H,0) (wt/vol) 4.3 4.3 46 43

Total N (% 0.122 0.133 0.136 0.148
Organic C (%) 1.35 1.59 1.66 1.87
Available P (ppm)
Bray 2 3.8 6.0 7.6 7.9
Olsen 1.6 3.5 2.8 3.7
CEC® {meq/100 g) 6.64 6.87 7.13 7.89
Exchangeable bases
{meq/100 g)
K- 0.092 0.124 0.103 0.074
Na* 0.038 0.059 0.055 0.049
Ca* 0.405 0.572 0.645 0.642
Mg-* 0.108 0.188 0.191 0.245
Exchangeable Al
(meq/100 g) 294 2,67 259 295
Active Fe (%) 225 197 1.83 2,01
Active Mn (%) Belowdetection level at0.003%
Available Zn (ppm) 0.42 0.43 0.43 054
Soil texture Clay Clay Clay Clay
loam loam

*At 0-20 cm. *CEC = cation exchange capacity.

Table 5. Grain yield of UR variety Danau Atas as
influenced by fertilizer and lime. Sitiung, Indonesia,
1990-91.

Yield (t/ha)

Treatment® (NPK)

Lot A LotB
0-0-0 08 b 1.0 b
60-0-0 1.0 ab 10 b
60-26-0 09 b 13 b
60-26-50 1.0ab 1.4 ab
60-26-50 + lime 1.2a 1.7a

CV (%) 29 32

*N was split-applied as urea, P as TSP (45% P,0,), K as muriate
of potash (60% K,0), and lime as calcite (47% CaO) at 2 t/ha
applied at planting.

30 cm between rows. After rice, soybean variety
Willis was planted in half of the plots and maize
variety C-1 in the other half, both on 5 Apr 1991.
Soybean and maize were sown in furrows 30 and 60
cm apart, respectively.

Carbofuran was applied to UR 10 d after planting
and every 20 d thereafter. It was applied at 40 kg/ha
to soybean and maize at sowing to safeguard against
nematodes. Insect control was carried nut as needed,
using monocrotophos,

Although UR was planted on newly cpened land,
grain yields in Lots A and B were gensrally low
(Table 5). P and K did not increase the yieid signifi-
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cantly, lime and NPK did. However, the yield in-
crease attained may not cover the cost of the inputs.
Yields from Lot B were generally higher than from
Lot A, probably due to differences in initial soil
fertility.

Fertilizer and lime significantly increased pan-
icles per hill and spikelets per panicle. However, the
percentage of unfilled spikelets was relatively high
(50%), did not vary among treatments, and could be
areason for the very low harvest index (HI): 0.11 for
the control and averaging 0.17 among fertilized and
treated plots. Brown spot Helminthosporium was
severe and could be a major factor in the low H1.

Grain yields of soybean and maize grown after

Table 6. Effect of fertilizer and lime on yields of soybean
and maize grown after UR. Sitiung, Indonesia, 1991.

Soybean Maize
Treatment? Yield Treatment® Yield
NPK (t/ha) (t/ha)
Lot A Lot A
0-0-0 0.49 ¢ 0-0-0 136 b
20-0-0 0.47 c| 80-0-0 1.90 a
20-26-0 1.01 b | 80-26-0 208 a
20-26-37 1.22 ab | 80-26-60 277a
20-26-37 + lime 1.48a 80-26-60 + lime 2.75a
LotB LotB
0-0-0 0.86 bc| 0-0-0 162 b
20-0-0 0.48 ¢ | 80-0-0 168 b
20-26-0 1.22 ab | 80-26-0 376a
20-26-37 1.33ab | 80-26-50 3.24 ab
20-26-37 +lime  1.79 a 80-26-50 + lime 4.13 a
CV (%) LotA 35 23
LotB 36 38

*N as urea was applied at planting. °N as urea was split-applied
{50% at planting).

rice were higher in Lot B than in Lot A (Table 6).
Application of N tended to decrease soybean yield,
but had no effect on maize yield. Applying P in
addition to N significantly increased yields of both
soybean and maize.

Partial budget analysis showed the UR - soybean
rotation to be more sensitive to fertilizer than UR -
maize, primarily because of the large price differ-
ence between soybean and maize. For both cropping
sequences, economic benefit was greatest when NPK
plus lime were applied.

Experiment 2. Response of crops in rotation to
nutrients other than NPK in an acid soil. Objec-
tives were to 1) determine the effect of nutrients
other than NPK on the yield of UR and crops in
sequence with UR, and 2) compare a logume and a
nonlegume in rotation with UR in terms of soil nutri-
¢nt depletion as affected by root activity and crop
residue incorporation.

The initial soil analysis of the site (Lot C) is given
in Table 4. The site is newly opened forest land with
a uniform slope of about 15%. No cultivation was
done prior to planting. Flemingia hedgerows were
established 5 m apart along the contour.

The experiment was laid out in a randomized
complete block design with tive fertilizer treatments,
two cropping patterns, and four replications. The
cropping patterns were UR - soybean and UR -
maize.

Danau Atas was planted on 31 Oct 1990. Soybean
variety Willis was planted at 2 seeds/hill in shallow
furrows, with 10 cm between hills and 30 cm be-
tween furrows, Maize C-1 hybrid was sown in shal-
low furrows 60 cm apart with 25 cm between hills.

Differences between UR mean grain yields (Table

Table 7. Grain yields of UR, soybean, and maize and selected yield components of UR.

Sitiung, Indonesia, 1990 WS.

Upland rice
Soybean Maize
Treatment Grain Panicles Spikelets Unfilled Harvest vyield yield
yield (ho/hill) (no/ spikelets index (tha) (tha)
(t/ha) panicle) (%)
Control 10 756 b 672 b 45 021 07 b 21 ¢
NPK 1.2 87a 93.0a 55 019 09 b 57ab
NPK+Ca+Mg+S 1.2 86a 92.6a 57 019 14a 66a
NPK+Ca+Mg+S+Zn 1.3 86a 869 a 57 024 14a 44 b
NPK+Ca+Mg+S+Zn+B+Mo 1.4 89a 87.1a 51 0.21 1.5a 6.8a
F-test ns * * ns * *
CV (%} 34 11 10 19 20 26
92 IRRI program report for 1991
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7) were more apparent than real since the experimen-
tal error was large (CV = 34%). Yield tended to
increase as micronutrients were applied. The num-
ber of panicles per hill and number of spikelets per
panicle were low, with both parameters significantly
lower in the unfertilized plots. Application of nutri-
ents other than NPK had no effect.

The low grain yield of UR was associated with
poorspikelet filling. Unfilled spikelets reached 57%.
A 20% increase in filled spikelets could markedly
increase UR productivity at Sitiung. The low spikelet
nuinber per panicle and the high percentage of un-
filled spikelets could be responsible for the low HI
(about 0.20).

Soybean yield was highest (1,500 kg/ha) when
micronutrients Zn, B, and Mo were applied together
with NPK + Ca + Mg + S (Table 7). Yield was not
significantly different from that in the NPK + Ca +
Mg + S treatment, suggesting that the micronutrients
are not limiting. Applying NPK alone gave higher
yields, but not significantly more than that from the
unfertilized plot. This suggests that Ca, Mg, and
probably S may be limiting, as is evident from the
site soil analysis.

Nutrients other than NPK had less effect on maize
than on soybean. Although maize yield increased
with addition of Ca, Mg, and S to NPK, the increase
was not significant. The addition of Zn to NPK + Ca
+ Mg + S significantly reduced yield. The effect of
Zn was masked when B and Mo were added.

Experiment 3. Response of crops in rotation to
P and lime. The objectives of this experiment were
to 1) determine the response to P of UR and other
crops in rotation, 2) determine the effect of lime and

organic matter incorporation on P uptake by UR and
othercropsinrotation, and 3y monitor changes in soil
fertility and soil physical properties. The experiment
was conducted on a newly opened, sloping (15%)
forested area. Hedgerows of Flemingia were planted
along the contour. The initial soil analysis for Lot D
is given in Table 4.

The two cropping patterns evaluated were UR -
soybean and UR - maize. All plots received N and K
fertilizers. The fertilizer treatments consisted of P
and lime application. They differed in terms of
whether P, with or without lime, was applied to UR
or 10 the subsequent crops of soybean or maize.

Danau Atas was dibbled at 10 cm between hills
and 30 cm between rows in November 1990. After
the UR harvest in March, shallow furrows were
made between the rows. Half the plois were planted
to soybean Willis and half to maize hybrid C-{.

Despite the high CV. results indicate the influ-
ence of P and lime on yields of the crops in rotation
(Table 3). P and lime with NK produced the highest
UR grain yield, followed by NPK alone and no lime.
Trends were similar for soybean and maize, except
that soybean appeared to benefit from P and lime
applied to UR. Maize yield was highest when both P
and lime were applied. Maize also benefited from the
P and lime applied to UR (Table 8).

Lime and P application on rice significantly in-
creased spikelet number compared with the other
treatments. However, because the percentage of
unfilled spikelets was also high, the HI was low. The
P and K uptake in UR straw was highest when P and
P + lime were applied. Ca and Mg uptake in rice
straw was highest when P and lime were applied.

Table 8. Grain yield of UR, soybean, and maize as influenced by P and lime application.

Upland rice Soybean Maize

Treatment 1° yield Treatment 2* yield Treatment 3¢ yield

{tha) (t/ha) {t/ha)

60-0-60 1.2 20-0-30 0.50 80-0-60 3.73

60-60-60 1.3 20-0-30 0.81 80-0-60 4,83

€0-0-60 1.2 20-45-30 1.04 80-60-60 5.02

60-0-60 1.0 20-45-30 + lime 1.10 80-60-60 + lime  7.00

60-60-6C + lime 1.5 20-0-30 1.65 80-0-60 5.77
F-test ns *E *
CV (%)} 34 48 23

*N was applied as urea at 20 kg N/ha at planting and 40 kg N/ha at panicle initiation; lime was applied as
calcite at 2 t/ha. ns = not significant. ®N was applied as urea at planting; lime was applied as calcite at 2
tha. °N was applied as urea at 40 kg N/ha at planting and 40 kg/ha when plants were waist high; limewas

applied as calcite at 2 t/ha.
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Results suggest that application of P and lime on
rice benefited not only UR, but also the soybean crop
that followed. Maize following UR did not benefitas
much as the soybean from the P and lime applied on
the preceding crop of rice. This suggests that to
realize a greater yield of maize following UR, P and
lime have to be applied to maize.

Subprogram Il: Germplasm
irprovement and crop management

UR ecosysteins are characterized by strongly acidic
soils, highly competitive weeds, periodic drought,
and Bl infestation. The subprogram focuses on find-
ing new cultivars and methodologies that will pro-
vide higher yields and yicld stability under these
conditions.

UR ecosystems have a wide range (fromabout 3.5
10 higher than 8), but soils with pH lower than 4.5
predominate. The research primarily uses upland
japonicas that are well adapted to acidic soils.

Weed control is a major problem in the uplands.
Weeding drastically improves yields, but weeding
costis often prohibitive for cash-poor farmers. Thus,
we are investigating low-cost, efficient methodolo-
gies, and developing cultivars that compete success-
fully with weeds.

Durable resistance to Bl is needed in UR, where
chemicais cannot be used to combat Bl. Biotech-
nologies can provide a better understanding of the
complex mechanism involved in durable resistance.

Breeding

UPLAND RICE FOR STRONGLY ACIDIC SOILS

The traditional upland cultivars grown by farmers on
adverse upland soils show good yield stability but
low yield potential, and only moderate levels of
disease resistance. An upland breeding program
initiated in 1983 aimed to produce donors with
improved yields under low to moderate inputs; in-
crease disease resistance to blast (Bl) and brown
spot; and provide good adaptation to adverse soils,
high tolerance for drought, and stable yields over
years and sites.

From 1985 to 1991, 47 trials were conducted at
sites with strongly acidic soils—Cavinti, Laguna,
and Matalom, Leyte, Philippines: and at Sitiung,
West Sumatra, Indonesia—in collaboration with the
national rice improvement programs of the Philip-
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pines and Indonesia. The trials had very low to
moderate fertilization, good weed control, and land
preparation practices by local farmers.

The most promising progenies fromcrosses made
in 1983 were evaluated in 42 trials. Their yields were
compared with the trials’ yield average, with the
yield of the traditional check Azucena, and with the
yield of improved check UPLRi-5. The average
yield was 1.09 t/ha, with a maximum yield average
of 3.37 t/ha and a maximum recorded yield of
5.35 t/ha. The average yields of the check cultivars
were 9.3-22.3% tower than the yield average ior the
trials. The most promising progenies yielded 26-
40% more than the checks. The most productive and
consistent improved line was {R47686-12-5-B-1.

Results from 30 trials with advanced progenies
derived from the 1984-89 crosses gave an average
yield of 1.01 t/ha. Average maximum was 2.64 t/ha,
and maximum recorded yield was 4.57 t/ha. Entries
IR53234-27-4 and 1R55442-10 showed the greatest
yield advantage. IR55419-04 and IR57893-60 also
performed well, yielding 250-290% nore than the
local check Azucena.

In 12 trials with early progenies from the 1988-89
crosses, impressive entries include IR63370-54 and
1R63372-09, which yielded 200% more than Azuccna
and 160% more than UPLRI-5.

From the performance of lines in the trials, some
useful parents were identified. They include UPLRi-
5 (group | = indica), Institut de Recherches
Agronomiques Tropicales et des Cultures Vivrieres
(IRAT) lines (group 6 = japonica, especially
IRATI104 and IRAT216), some CT lines from the
Centro 'ternacional de Agricultura Tropical, and
some CNA lines from Centro Nacional de Pesquisa-
Arroz, Feijao, Goiania, Brazil.

The expected yields of promising lines under
strongly acidic soils and low to inoderate inputs are
shown in Table 9. Although UPLRI-5 is expected to
yield more than Azucena under these conditions, it
actually has low yield stability because it is suscep-
tible to Bl. The improved lines show both higher
yield and greater stability. They have reduced dura-
tion, shorter stature, and higher tiller number.

COLLABORATION WITH NATIONAL RESEARCH
SERVICES FOR UPLAND RICE IMPROVEMENT
Breeding for UR has also involved germplasm ex-
change and collaborative testing with many national
programs.



Table 9. Expected yields of IRAT/IRRI progenies with
moderate and low fertilization in strongly acidic soils
(pH <4.5).

Expected yield ({t/ha)

Entry

Moderate Low
Chacks
Azucena 1.00 1.1
UPLRI-5 1.60 1.0
Progenies
|RA7684-05-1-B 1.76 1.7%
IR47686-01-1-B 1.80 1.8
IR47686-01-4-B 1.69 1.53
IR47686-06-02-2-1 1.69 1.45
IR47686-06-04-1-1 1.63 2.47
IR47686-09-1-B-1 2,55 1.37
IR47686-09-4-1 2.43 1.61
IR47686-12-5-B-1 1.88 1.91
IR47686-18-7-B 1.49 1.65
IR47686-19-1-1 (B) 1.58 1.95
IR47686-31-1-1 2.32 1.81
IR47691-27-7-2-2 1.64 1.66
IR63234-27-4 2,83 3.03
IR63236-275-1 1.80 2.48
IR53236-280 1.72 1.50
IR53236-342 1.76 1.97
IR53236-064 1.62 1.99
IR55411-50 1.48 1.66
IR55419-04 3.80 1.36
IR55433-21 2,16 1.83
IR55442-10 211 2.03
IR55521-75 1.49 1.69
IR55537-32-A 1.73 1.26
IR57893-60 3.40 1.43
|IR60080-41 1.94 2.18
IR60080-46A-Straw 2.37 2.30
IR60080-46B-Gold 2.19 2.82
IR62751-06 3.60 2.89
IR62751-45 4,42 3.32
1R62760-07 3.24 2.86
IR62751-25 4.42 3.18
IR62761-37 3.61 2.58
IR€E2761-38 3.43 2.97
IR62761-41 3.08 2.87
1R63370-01 3.13 2.83
IR63370-54 3.75 3.45
IR63371-38 . 4,58 2.70
IR63372-07 4,36 3.18
1R63372-09 3.92 3.65
IR63372-15 3.63 2.64
IR63372-25 4,37 3.30
IR63372-26 3.93 2.89
IR63374-03 3.83 2.82
IR63381-165 3.4 2.50
IR63381-174 4,78 3.38

Bihar, India. IR55419, IR57920 (AC25-2), and
IR57918 (AC1-6) were top yielders in a screening
activity for drought resistance conducted by the
Upland Rice Consortium. They provided 214, 54,
and 44% more yield, respectively, than the local
check Brown Gora, a widely grown traditional UR.

Saudi Arabia. With its extremely dry climate,
Saudi Arabia is suitable for screening for adaptation
under limited irrigation in sandy soils. IR47686-06-
02-2-1 was the top yielder among 20 entries. The
yield achieved (1.8 t/ha) will be the base for further
improved crop management studies.

China. An estimated 500,000 ha of UR is
cultivated in southern China at elevations of 300-
1,200 m. Environmental conditions and cultivation
practices are similar to those prevailing in northern
LaoPeople’s Democratic Republic, Myanmar, Thai-
land, and Vietnam. Soil pH is not very acidic (5.0-
6.5) and the chemical properties are not very ad-
verse, but soils are deficient in most major elements,
especially P, as well as in minor elements. Bl
incidence is not very serious, but brown spot and
sheath diseases occur frequently.

In collaboration with the Changsha Institute of
Agricultural Modernization at the Chinese Acad-
emy of Sciences in Hunan, 160 upland entries were
tested at 2 sites for 4 yr. The 20 outstanding entries
are given in Table 10. IR47686-06-02-2-1 was one
of the most outstanding entries, because of its drought
tolerance and brown spot resistance.

In Hunan, false smut is common and IRAT104 is
particularly susceptible to it.

Among the new progenies tested in 1990,
IR55419-04, IR55419-32, IR55423-01, IR55423-
15, and IR55425-09 were the most promising.

Weed management

UR is particularly susceptible to competition from
weeds, which limit yields and frequently negate the
advantages of good cultivars. Thus, good weed con-
trol may be the best way to improve UR crop yields.

ROTTBOELLIA COCHINCHINENSIS CONTROL
Weeds are frequently regarded as the greatest yield-
limiting constraint on UR. Season-long competition
from grasses taller than the crop canopy may result
in complete yield loss.

An experiment conducted in Claveria tested the
efficacy of different herbicides in controlling
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Table 10. Highest yielding lines* in South China, 1988-90.

1987 1988 1989 1990

Entry -

Changsha Tzoyuan Taoyuan Taoyuan Changsha Tao yuan
CNA4123 X X X
CNA4130 X X X X
CNA4136 X
IAC118/81 X X
IRAT177 X XX X
IRAT104 X X X X X
IRAT140 X X X XX
IRAT013 X X
IRAT112 X
IRAT 115 x X
ITA130 X v XX
ITA186 X X XX
ITA235 X XX X
IR47686-04-5-B-1 X X XX
IR47686-06-02-2-1 X X XX X
IR47686-06-04-4-1 X X XX
IR47686-11-2-3-1 X X X X X
IR47686-18-7-B X X X X
IR47690-39-2-B P4 X
IR47701-06-13-3 X XX X

*x = outstanding, xx = very outstanding.

Table 11. Effect of weed control treatments on grain yield of UR IR30716-B-1-B-1-2 and
weed weight. Ane-i, Claveria, Misamis Oriental, Philippines, 1991 WS.

Weed weight (g/m?) Grain
Treatment® yield
27 DE 45 DE (t/ha)
Pendirnethalin (1.0) + HW, PE + 28 DE 20.8 bcd 8.1a 3.7a
Pendimethalin {1.0) + propanil (3.0), 149 bc 129 ab 37a
PE + 28 DE
HW, 14, 28 + 45 DE 6.8 ab 6.0a 3.31ab
HW, 14 + 28 DE 6.4 ab 8.6 a 3.1abc
IRC + HW, 14 + 28 DE 15.3 bec 227 b 3.1 abc
Propanil (3.0) + HW, 14 + 28 DE 28.6 cde 11.2 ab 2.9 abc
Fenoxaprop-ethy! (0.045) + HW, 26 + 35 DE 55.2 ef 12.2 ab 2.3 bcd
HW, 14 DE 34a 245 b Z1 cod
Pendimethalin (1.0) + fenoxaprop-ethyi 12.3 bc 798 «cd 1.3 de
(0.045), PE + 26 DE
Propanil (3.0), 14 DE 438  def 157.4 de 1.0
IRC, 25 + 40 DE (FP) 79.7 f 269.5 € 0.8
Pendimethalin (1.0), PE 18.2 bc 545 ¢ 0.3

Fenoxaprop-ethyl (0.045), 26 DE
No weeding

51.9 ef 186.0 de 0.4
948 f 305.8 e 0.3

o@D oo

sHW = hand weeding, PE = preemergence, DE = days after emergence, IRC = interrow cultivation, FP =
farmer's practice. Herbicide rate indicated in parentheses are in kg ai/ha.

Rotthoellia cochinchinensis, the predominant grass
weed. The experiment was in a randomized com-
plete block design with four replications. Land prepa-
ration consisted of one plowing and two harrowings
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with a 2-wk interval between plowing and harrowing
and a 1-wk interval between harrowings. Furrows 30
cm apart were opened using a wooden-toothied fur-
rower. Seeds of IR30716-B-1-B-1-2 were drilled



into the furrows at 100 kg/ha and fertilized with 25-
25 kg NP/ha. Another 25 kg N/ha was applied at
panicle initiation.

Weed growth was reduced initially by p:2emer-
gence application of pendimethalin (Table 11), but
the herbicide's residuat effect was short-lived and
tnere was substantial weed regrowth. The yield was
notsignificantly different from that of the unweeded
check. The postemergence herbicides propanil and
fenoxaprop also performed poorly when applied
alone.

Pendimethalin application followed by hand
weeding or propanil application greatly reduced
weed growth and significantly increased grain yield.
Labor inputs were 65% less for herbicide uze + hand
weeding than for two hand weedings, and were 96%
less for a herbicide combination.

No single weed control practice provided satis-
factory weed control. In all cases, two weeding
operations were needed to control weeds adequately
and produce optimum yields.

CULTIVAR COMPETITIVENESS AGAINST WEEDS

In UR, plant breeders have focused most of their
research efforts on stable yield, disexse resistance,
and tolerance for adverse soiis. Weed competitive-
ness has received little attention. Identification and
use of competitive cultivars will reduce tke inputs

needed for hand weeding, which is the predominant
weed control method used in UR. In Ciaveria, north-
ern Mindanao and Matalom, Leyte, 14 cultivars
were tested for their ability to suppress weeds or to
give Migh yields in the presence of weeds.

InClaveria, the experiment was laid out in a split-
plot design replicated four times with hand
weeding regimes as main plots and the different
cultivars as subplote, Tae regimes were 1 weeding
14 DE; 2 weedings, 14 and 28 DE; and 3 weedings,
14, 28, and 42 DE. The dominant weed species are
R.cochinchinensis, Digitaria setigera, and Borreria
laevix. Failure to weed when they are present re-
sulted in crop failure. Only the data for one weeding
are presented.

IR47686-09-1-B-1 had the lowest rice: weed ratio
and weed weights (Table 12), indicating high com-
petitive ability. It was followed by the local cultivars
Dinorado and Speaker. In contrast, IRAT216 and
IR30716-B-1-B-1-2competed poorly against weeds.
Yield was highest from [R47686-09-1-B-1. The next
highest yielders were iRAT216 and IR30716-B-1-
B-1-2, indicating their ability to yield well in the
presence of weeds even if they are poorly competi-
tive.

In Matalom, IR47686-09-1-B-1 was not as com-
petitive as the local check Lubang Red but it was the
highest yielder.

Table 12. Weed weight, plant dry weight, rice-to-weed ratio at harvest, and grain yield of
different cultivars. Claveria, Misamis Oriental, Philippines, 1991 WS.

Rice-to- Plant Weed Grain
Cultivar weed dry wt wt yield
ratio? (g/m?) (g/m?) (t/ha)
IR47686-09-1-B-1 0.15a 648 abc 132 a 23a
IRAT216 0.43 de 418 ¢ 336 d 1.7 ab
IR30716-B-1-B-1-2 0.38 cde 462 ¢ 334 d 1.7 ab
IR57924-00 0.23 abc 528 ¢ 168 a-d 1.6 abc
Dinorado 0.18 ab 862 a 140 ak, 1.5 abc
IR57924-08 0.23 abc 632 abc 166 a-d 1.5 abc
UPLRi-5 0.20 abe 638 abc 150 a-d 1.4 abc
Speaker 0.18 aL 818 ab 156 a-d 1.4 abc
B2997C-TB-4-2-1 0.25 a-d 650 abc 200 bcd 1.3 abc
IR57662-11-B-Bulk 0.30 a-e 538 ¢ 286 cd 1.3 abc
IR57924-24 0.35 b-e 516 ¢ 200 be 1.2 bc
CT6510-24-1-3 0.45 e 398 ¢ 332 d 0.9 be
IR55419-04 0.43 de 232 ¢ 165 d 0.8 bc
IR55435-05 0.38 cde 291 hc 173 d 0.7 ¢

“Weed dry weight + weed + rice dry weight.
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Blast management

Blast (Bl) is one of the most important biotic con-
straints to rice production in the uplands. Bl lowers
and destabilizes rice yields under present conditions,
and could become increasingly devastating as pro-
duction intensifies. This report discusses progress in
research aimed at improved breeding for durable
Bl resistance. The research involves analysis of Bl
fungus populations and of the genetics of host
resistance.

IDENTIFYING GENES FOR BLAST RESISTANCE IN
NEAR-ISOGENIC LINES

To increase the efficiency of mapping and utilizing
known genes for Bl resistance, the resistance genes
in the near-isogenic lines (NILs) "eveloped previ-
ously at IRRI and those in Kiyosawa's differential
cultivars were compared. This work was part of the
Japan-IRRI Shuttle Reseaich Project.

The reaction of the differentials to Philippine
isolates of P. grisea and the number of genes in each
were determined. Most differentials were resistant to
at least one of the isolates used to develop the NiLs.
Testcrosses indicated that each differential had
zero, one, or two resistance genes.

Allelism tests between the differentials and NILs
were cenducted. All the necessary crosses were
attempted for the 264 combinations to be tested.
Hybrid sterility prevented some combinations. F,
populations of 87 of the crosses were inoculated and
scored. The following are tentative conclusions:

B Pi-2(t)in C101A51 is allelic to Pi-z,

B Pi-1(1)in C101LAC anc tlie Bl resistancc genes
in other NILs in group | are allelic to Pi-k,

B Pi-3(t)is not present in the Japanese differentials,
and

@ the NiLs in groups 3 and 4 have a gene allelic to
Pi-ta.

MAPPING MAJOR AND MINOR GENES FOR BLAST
RESISTANCE

Moroberekan is an UR cultivar that has shown du-
rable resistance to Bl. To map the genes involved in
resistance of this cultivar, we analyzed a population
of 278 recombinant inbred (RI) lines from the Mo-
roberekan/CO 39 « _ss for 100 polymorphic DNA
markers (restriction fragment length polymorphisms
[RFLPs]) and for various aspects of Bl resistance.
Based on segregation of the molecular markers, a
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map of the rice chromosomes was constructed for the
cross. Segregation was strongly skewed, favoring
CO 39 (indica) over Moroberekan (japonica) alleles.
A single major gene conditioning qualitative resis-
tance to five isolates of the blast fungus was identi-
fied and mappec between markers RG 788 anu RG
449 on chromosome 4.

The RI Jincs were tested in the field at Cavinti.
Significant differences in DLA and in the rate of
disease progress were detected (Fig. 6), suggesting
the presence of genes for partial resistance ("minor
genes"). To map minor genes for resistance, data on
lesion type, number, and size for the R1 lines were
collected using a polycyclic test with a single Bl
isolate PO6-6. We are statistically analyzing the data
to allow mapping of quantitative trait loci for Bl re-
sistance.

Progress was also made in mapping resistance
genes for several other crosses. Crosses between
CO 39 and IAC47, IRATI104, and IRAT216 were
advanced to the F, arid over 106 polymorphic probes
were identified for each. For the IAC165/CO 39
cross, F lines were found to be 97.3% homozygous,
and thus suitable as a population for mapping and
phenotypic analysis. Al'elic segregation in the F RI
lines from IAC105/CO 39 were found to be only
slightly skewed; the lines showed an average of 46%
japonica for 41 lines analyzed at 9 RFLP loci.

Compatible pathogei: isolates wouid be useful for
analyzing the genes involved in partial resistance. To
identifv such isolates, more than 300 isolates of the
Blfungus were tested for reaction on the patcents used
for the crosses being anzlyzed. Useful isolates were
identified for three of the resistance donors, includ-
ing IAC165.

% diseased leaf area
100

8ot Group A— highly susceptible | @
Group B — quantitatively resistant 2b |Group A

0J
b
40 —°
20 | c |Group B
0 : X . ) R
3 4 5 6 7

Weeks after sowing

6. Disease progress cusve for selected RI lines in Cavinti. Areas
under disease progress curve followed by acommon letter are not
significantly different (at 0.05 level) by DMRT.



Table 13. Summary of 1990 WS tests at 5 upland screening sites.”

Sitiung BRRI Cavinti IRRI Santa Rosa
Indonesia Bangladesh Philippines Philippines Colombia
Cultivar
Final RADPC Final RADPC Final RADPC Final RADPC Final RADPC
% DLA % DLA % DLA % DLA % DLA

Moroberekan 0.00 0.99 0.63 0.13 0.23 0.13 0.00 0.17 11.25 2.77
IRAT216 0.13 0.51 0.30 0.14 0.02 0.01 0.00 0.00 18.75 403
0Ss6 1.26 1.94 2.50 082 11.50 1.88 7.00 4.9 26.25 6.64
Azucens 4.75 3.42 - - 1.28 0.52 2,88 2.88 13.25 2,96
Iguape Cateto 5.00 5.49 0.75 0.16 2.38 0.49 0.01 0.12 7.50 1.88
Danau Laut Tawar 20.00 13.38 1.13 0.47 7.25 1.62 4.50 3.69 15.00 3.03
Kinandang Patong 33.75 14.55 9.88 2.45 1.28 0.34 0.6 0.29 25.00 6.09
CNA4130 16.25 7.28 0.40 0.10 5.25 1.16 1.38 1.97 11.20 2.43
IR47686-18-78 3.50 4.03 0.40 0.12 1.38 0.60 0.58 1.18 7.50 1.568
Shenshou Ibaraki 1 27.50 10.17 1.13 0.47 1475 3,51  10.50 7.06 23.75 6.07
KU115 2.38 3.07 0.50 0.17 0.13 0.15 0.00 0.00 4.00 0.83
HD14 0.00 0.36 0.53 0.16 0.01 0.02 0.00 0.00 4.00 0.84
IAC47 8.75 7.96 0.65 0.20 16.00 2.89 3.75 3.66 12.50 3.40
IAC165 16.25 10.61 0.63 0.16 8.75 2,14 1.88 2,45 13.75 3.12
IRAT13 .00 0.05 0.40 0.07 0.1 0.00 0.00 0.00 1.00 0.37
IRAT104 0.13 0.32 0.50 0.11 0.01 0.03 0.00 0.00 1.00 0.37
CO39 85.00 34.63 100.00 3591 71.25 13.93 100.00 45,94 100.00 33.35
Yamada Baki 93.75  34.66 2.75 0.61 100.00 24.41 100.00 48.64 100.00 22.77
BR21 16.25 14.64 413 1.17 6.50 0.99 - - 7.59 1.45
Arias 17.75 9.16 1.50 0.65 20.50 5.49 18.00 11.10 4125 10.18

*DLA = diseased leaf area, RADPC = relative area under the disease progress curve.

Table 14. Spearman rank correlation analysis of reactions of 20 UR cultivare. (based on
ranking of RADPC values) at 5 sites. 1991.

Indonesia Bangladesh Colombia  Cavinti, Philippines
Bangladesh {BRRI) 0.74
Colombia (CIAT) 0.42 0.56
Philippines (Cavinti) 0.78 0.65 0.59
Philippines (IRRI} 0.78 0.73 0.71 0.94

COMPARISON OF KEY BLAST SCREENING SITES

In a collabor.iive study to assess the population
structure of Pyricularia grisea atkey screening sites
in different parts of the world, the relative suscepti-
bility of a set of diverse upland cultivars was com-
pared at five sites in 1990 and three sites in 1991. In
1990, the materials were evaluated at the CIAT
substation in Santa Rosa, Colombia; at the Sitiung
substation of SARIF in Indonesia; at the Bangladesh
Rice Research Institute; at IRRI; and in Cavinti,
Laguna, Philippines.

At each site, miniplots were established for each
of 20 UR cultivars. The relative area under the
disease progress curve (RADPC) and the percentage
of diseased leaf area (DLA) were evaluated using

standardized methodology (Table 13). The results
varied, suggesting differences among the pathogen
populations at the rites. Some cultivars were highly
resistantin only two or three locations. Yamada Baki
showed ahigh degree of susceptibility in Sitiung and
Cavinti, but not at IRRI.

Tosystematically evaluate the differences among
sites, the varieties were ranked according to RADPC
values, and verietal rankings at the sites were com-
pared by Spearman rank correlation analysis (Table
14). Asexpected, the two Philippine sics showed the
most similar ranking. The ranking in Indonesia was
fairly similar to the rankings observed in the Philip-
pines. The ranking in Colombia differed from those
in Indonesia, Bangladesh, and Cavinti in the Philip-
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pines. In general, the geographic distance between
sites paralleled the difference in ranking hetween
them.

RapiD METHOD FOR DNA TYPING OF BLAST
FUNGUS

Repetitive DNA probes used as genetic markers for
defining pathogen lineages have been very useful for
elucidating the structure ; of pathogen populations.
Simplified DNA analysis techniques could improve
efficiency in characterizing pathogen populations.
We compared the DNA profiles produced by single-
copy DNA probes, middle-repetitive probes, hig"ly
repetitive probes, and by a polymerase chain reac-
tion-based :cchnigue termed random amplified poly-
morphic DNA (RAPD).

Fourteen 10-base primers were screened, and
three showed polymorphisms between diverse strains
of P. grisea. One of these primers, 35'-
TCGTTCCGCA-3 (J-06, Operon), generated clear
DNA profiles and defined groups of isolates that
correspondcd well with the groupings defined by
repetitive DNA probe MGR586 {DuPont) for 54
isolates collected from the IRRI Bl nursery and from
the IRRI upland screening site in Cavinti (Table 15).

DISTINCT BLAST ISOLATES INFECTING IR50
Isolates infecting IR50 and several tr.ditional Phil-
ippine cultivars were collected from the IRRI Bl

Table 15. Association between DNA profiles obtained
using RAPD primer 5'-TCGTTCCGCA-3' and RFLP probe
MGR586 (DuPont), for 70 Pyricularia grisea isolates
from Laguna, Philippines.*

RAPDs profile RFLP profile Isolates (no.)

1, 1d, ic, 1e 17
7,7a 7
4,4a, 4p, 4¢ 33
10

,3a, 3b

-

1"
14
6
13

S0 NOEWNOWN =
[-RAR LN, RN
-t ) = = N

—_

*Each distinct DNA profile was given a different designation.
Profiles with approximately 80% or greater band similarity were
given the same numerical designation, followed by a different
letter, while profiles with less than approximately 80% band
similarity were given different numerical designations.
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nursery and tested for DNA profiles using twosingle-
copy probes, one middle-repetitive probe, and RAPDs
primer 5-TCGTTCCGCA-3' (Fig.7).

The DNA profiles clearly distinguished the strains
infecting IR50 from those infecting the traditional
cultivars, The isolates infecting IR50 were more
diverse than those infecting the traditional cultivars.
The five isolates infecting IR50 showed three dis-
tinct types, whereas the 13 isolates infecting the 6
traditional cultivars were all the same.

We speculate that a combination of resistance
factors from [R50 and the traclitional cultivars could
be useful in conditioning resistance against a wide
range of Bl fungus types.

Drought

VEGETATIVE STAGE DROUGHT SCREENING
During the vegetative stage of rice, drought may

a) Traditional varieties 1R50 Carreon
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7. DNA profiles of Pyricularia grisea from traditional varieties
and from IR50. a) I'he hybridization profile of middle-
repetitive probe p64 (Univ. of Wisconsin). b) DNA profile
generated by random amplified polymorphic DNA using primer
5“TCGTTCCGCA-3' (J-06; Operon). Inbothaandb, theend
lanas “iow marker DNAS, lanes 2-9 and 15-18 show DNA from
P. grisea isolates infecting traditional varieties, and lanes 10-19
show DNAs from P. grisea isolates infecting IR50.
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occur in any rainfed rice ecosystem. Tolerance for
drought is a trait sought by most breeders of rainfed
rice. For more than 15 yr, IRRI has screened about
6,000 cultivars and breeding lines and 6,000
germplasm bank accessions for drought tolerance
under upland conditions at IRRI.

On 11 Feb 1991, we drilled 10 g seed of each of
6,593 entries from the Plant Breeding, Genetics, and
Biochemistry Division, the Agronomy, Plant Physi-
ology, and Agroecology Division, International
Network for Genetic Evaluation of Rice, and Inter-
national Rice Germplasm Center (Table 16) in a
Maahas granular clay soil in 2-row plots, each 2.5 m
long and 25 cm apart. Plots were sprinkler-irrigated
until 12 March, 25 d after 50% seedling emergence,
after which irrigation was stopped. We scored for
drought reaction at 0.2, -0.5, and —1.0 MPa soil
matric potential, then re-irrigated and scored for
recovery after 7 d. Scoring was based on the Stan-
dard evaluation system for rice: for drought, 0 = no
visible symptoms of stress, 9 = all plants apparently
dead; for recovery, 1 = >90% of plants fully recov-
ered, 9=<20% of plants fully recovered. The drought-
tolerant check was Salumpikit and the susceptible
check was IR20.

Among the entries, 128 scored better than Sa-
lumpikit at —1.0 MPa and 401 equaled Salumpikit
(Table 16). The rices with the greatest proport:an of
tolerant entries were from the upland ecosystem.

Three breeding lines—two from cross IR46331 and
one from cross IR47686—and two cultivars—Mo-
roberekan and RD19—-have shown good drought
tolerance overthe past 3 yr(Table 17). Cross IR61042
appears pronmusing as 7 of 27 lines were equal to or
better than the tolerant check.

Stabie cultivars from well-maintained seed stocks
tend to perform consistently across years, at least on
a relative basis. As reported in the 1990 Program
report, on the other hand, grain yield under soil
moisture-deficit conditions, the ultimate measure of
drought resistance, has not been shown to be related
to vegetative drought tolerance. Furthermore, up-
land conditions at IRR1 are atypical of those found in
most farmers’ fields. Therefore, this study is the last
upland drought screening trial of this sort to be
conducted on the IRRI farm. In the future, we will
conduct ecosystem-specific drought screening in
conjunction with the international rice research
consortia,

SIMULATION OF UPLAND RICE RESPONSES TO SOIL
MOISTURE

The growth and yield of rainfed UR is affected by
crop, soil, and weather factors. A Centre for Agrobi-
ological Research growth model that integrates the
interacting effects of these factors was used to simu-
late UR growth and yield. The model incorporates
soil water balance processes and effects of water

Table 16. Drought-tolerant selections in vegetative phase drought screening in the field.

IRRI, 1951 dry season {DS).

_ Entries Outstapding Oth.er
Source of entries {no.) selections* selections®
) (no.) {no.)
Plant Breeding, Genetics,
and Biochemistry Division
Rainfed lowland 1929 39 132
Upland 464 10 50
Deepwater 529 12 33
Hybridization block 221 7 1
Bulu rices 328 5 15
Oryza sativa/0. australiensis 407 2 14
Doubled haploid lines 107 1 5
Agronomy, Plant Physiology, and
Agroecology Division
Upland rice 112 1 9
International Network for Genetic 781 12 57
Evaluation of Rice
International Rice Germplasm Center 1715 29 75
Total 6593 128 401

*Drought tolerance score of 2-3 &t soil matrix potential (SMP) -1.0 MPa, better than that of drought-
tolerant check Salumpikit. *Drought tolerance score of 4 at SMP 1.0 MPa, similar to that of Salumpikit.
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Table 17. Selected outstanding varieties and the lines in vegetative phase drought

screening in the field. IRRI, 1991 DS.

Drought score Recovery
Designation Seed source score
-0.2MPa -0.5MPa -1.0 MPa
IR46331-PMI-32-2-1-1 Rainfed lowland 1 2 3 1
IR46331-PMI-53-2-1-3 Rainfed lowland 1 2 4 1
IR47686-6-2-2-1 Upland 0 2 3 1
Moroberekan International Network 0 1 4 1
for Genetic Evaluation
of Rice
RD19 International Network n 2 3 1
for Genetic Evaluation
of Rice
Salumpikit 1 2 4 1
{tolerant check)
IR20 (susceptible check) 3 5 7 3
Water stress factor (Ta/Tc) Simulated grain yield (Vha)
5.0
................ 4.0+ L]
°
° o
30 o ®
e
o
20 ©
a
Mt}ditﬁ for
an :]
wprane 1.0
0 1 1 1 ]
1.0 2.0 3.0 4.0 5.0
WCST 25
' 2.0} « *°
05 0.6 o o
Soil moisture content (cm®cm?d) 1.5
A ]
8. Relationship between soil moisture content and water stress ,‘
factor (Ta/Tc). WCWP = permanent wilting point, WCFC = field .’ PY b
capacity, WCST = saturation. 1.0} k¥
¢ r=0.83"
stress on crop growth, The model decreases growth 05 ¢
in response to stress by multiplying photosynthesis ’
by the ratio of actual to potential transpiration (stress
factor). Using previous greenhouse experiments, we 0 L L L !
modified the relationship between the stress factor 05 1.0 1.5 2.0 2.5
and volumetric soil moisture content (Fig. 8). For Observed grain yield (Vha)

rice, actual transpiration falls below potential tran-
spiration as soil moisture becomes less than satura-
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Table 18. Correlation coefficients of the linear relation-
ships between simulated and observed soil water
contents at different dapths, 1985-89. n = 94-96.

Correlation coefficient*

Year

10-cm depth  20-crn depth 30-cm depth
1985 0.60** 0.94%* 0.95%*
1986 0.74** 0.81** 0.75**
1987 0.80** 0.81%* 0.89**
1988 0.68** 0.74** 0.72%+
1989 0.59** 0.64*+ 0.62**

*** = gignificant at p < 0.01.

tion instead of field capacity as in other upland crops.

Sirnulated results were compared with data from
rainfed yield trials conducted at an upland site at
IRRT from 1979 to 1989, where plots received 80-
13-25 kg NPK/ha. The experimients were protected
from insect pests, rats, and birds.

The original version of the model greatly overes-
timated grain yields (Fig. 9a). With a modified
relationship between the water stress factor and soil
moisture content, the model much more closely
simulated grain yields for different years although
estimates were still high (Fig. 9b). There was a sig-
nificant relationship between simulated and observed
soil moisture contents at all soil depths in all years,
but correlations were much stronger below the 10-
cm depth (Table 18).

The current simulation study improved our un-
derstanding of rice response to water stress. Simula-
tion results confirm that the ratio of actual to poten-

tial transpiration rate decreased near saturation. Future
research, both experimental and simulation, will
determine whether the ratio is in fact linearly related
to soil water content from saturation fo permanent
wilting point in rice.

Conclusion and next steps

Important progress has been made in breeding culti-
vars tolerant of strongly acidic soils and resistant to
BI. Collaborative breeding programs with national
programs are on-going. Ecosystem-specific drought
screening will be done in collaboration with the
international rice research consonia.

Because of increasing labor shortage in rural
areas, improved weed control methods are needed
for UR. Weed management activities will empha-
size land preparation, selection of more competitive
cultivars, and use of implements for interrow culti-
vation.

We will continue to analyze the population struc-
ture of the Bl fungus and will use the resulting
understanding to assistour breeding efforts. In 1992,
we expect to advance our analysis of genes for
qualitative or complete resistance, and to conclude a
detailed analysis of genes for complete and partial
resistance in a durably resistant upland cultivar with
the use of molecular markers. We will further iden-
tify and characterize the genetic lineages of the Bl
fungus. Information on the pathogen population
will be used to improve the characterization of resis-
tance gene.
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Deepwater and tidal wetlands

rice ecosystems

Although deep flooding destroys most rice
varieties, the stems of deepwater rice (DWR)
elongate when stimulated by submergence.
DWR is called floating rice in the very deep
water areas. The rice grows 1-3 mo in
rainfed lowland fields that are prone to
drought or shallow flooding, and are subse-
quently flooded to depths of more than

50 cm for 1 mo or longer. The peak water
levels usually occur before flowering. Tidal
wetlands rice does not elongate. It is similar
to rainfed lowland rice, but grows in coastal
lowlands where water levels fluctuate as
tides rise and fall and soils are often saline,
acid, or peat.

The deepwater and tidal wetlands rice
ecosystems program aims to develop
improved rice cultivars and more efficient
cultural methods and farming systems for
these ecosystems. Because national agricul-
tural research systems (NARS) and IRRI have
limited resources for research in these areas,
a collaborative approach is emphasized. The
target ecosystems have a sustainable sys-
tem of agriculture, and yields can be in-
creased without detriment to the environ-
ment. Alternative cropping systems will
provide greater employment and improved
diets.
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Subprogram I: Increased productivity
and land-use efficiency of deepwater
ricelands

Because of successful crop substitution programs in
Bangladesh and Vietnam, about 1.8 million ha of
deepwater ricelands have been converted for irri-
gated crops, but nothing is grown during the flood
period. These conversion programs should be con-
tinued where they are environmentally sound and
economically viable, but more research is needed to
combine DWR and irrigated crops more effectively.
In more than 6 million ha of lands, DWR is the only
feasible main crop, and its productivity must be
improved.

Improved deepwater rice germplasm

This project aims to provide breeding materiais to
NARS and to conduct prebreeding research on elon-
gation ability and submergence tolerance. Although
the current yields of deepwater ricelands are less
than 2 t/ha, breeding research has demonstrated that
some new strains often double this yield potential.
However, the difficuit task of fitting new strains into
specific niches can be achieved only by an extensive
field testing program.

THAI-IRRI BREEDING MATERIALS
Our collaboration with Prachinburi Rice Research
Center in Thailand expanded during the year.

F, hybrids. A total of 192 F, hybrids were pro-
duced—o64 at IRRI and 128 at Prachinburi. Scientists
at IRRI concentrated on early-maturing types while
those at Prachinburi emphasized crosses involving
late-maturing types.



Bulk populations. At IRRI, 93 F, populations
were evaluated for submergence tolerance and 20
with desirable genotypes were selected for advance-
ment. For slow elongation in water up to 1 m deep,
135 F, populations were selected from 386 tested.
Of 294 populations evaluated in 1990 for plant type,
duration, and resistance to major pests and diseases,
169 were sclected for tesiing in different water
depths.

A total of 999 bulk populations ranging from F, to
F, were evaluated under natural flooding conditions
at Prachinburi. Bulk selections were made every
2 wk from late October until late December.

Pedigree nurseries. Nearly 6,000 lines from 216
crosses were evaluated at IRRI for duration and
resistance to pests and diseases. A total of 404 lines
from 81 crosses were selected for distribution to
NARS.

Pedigree evaluation was also done in Prachin-
buri. Of the 730 lines tested, 482 were selected for
farmers’ field observation tests,

Characterization of advanced lines. Charac-
terization, which is essential to determining target
areas to which the new lines could adapt, was carried

out at IRRI and Prachinburi. Of the 405 lines studied
at IRRI, 98 matured in late October, 275 in early
November, and 32 in late November. An additional
1,028 lines were characterized at Prachinburi.

PREBREEDING RESEARCH

Submergence beyond 10-12 d usually kills rice. The
rice varieties adapted to long-duration flooding sur-
vive by elongating their internodes and leaves, and
thus emerging above water. Plant elongation is
considered akey traitin DWR improvement. Experi-
ments in 1991 identified procedures to screen for
rapid elongation ability in a nondestructive manner.

Seedling age. Experiments with three seedling
ages (2, 3, and 4 wk) assessed variation in plant
elongation ability induced by short-duration flood-
ing.

Entries differed significantly in plant elongation
(Table 1). Percent increase after flooding was higher
in the 2-wk-old seedlings, but actual elongation was
greater at the 3- and 4-wk seedling ages. At all three
seedling ages, high repeatability values for plant
elongation indicated good precision. This method is
nonlethal and can be used to distinguish the elongat-

Table 1. Increase in plant height of seedlings of 3 ages submerged for 7 d in 100 cm water
and elongation score of some deepwater rice(DWR) varieties. IRRI, 1991.

Increase in plant height {(cm) Elongation
Variety score
2 wk 3wk 4 wk
FR13 A - 13.2 5.1 9
BKNFR76106-16-0-1 - 8.3 4.6 9
IR36 10.7 8.9 71 9
Ghoghari - 23.6 8.9 7
Shayma - 15.2 9.1 7
IR42 (susceptible check) 13.6 8.7 7.9 7
IR11288-B-B-69-1 13.2 12.4 10.6 7
NDGR150 21.8 215 7.4 5
FRG15 - 23.6 8.9 5
Madhukar - 17.7 9.9 5
NDGR207 15.3 209 12.4 5
IR11141-6-1-4 17.3 15.9 11.8 5
IR28273-R-R-R-29-38-2-3-3 - 17.2 18.2 5
Chakia 59 - 338 15.9 3
IR40905- 11-3-1-5-3-3 - 24.6 16.1 3
NC492 - 27.9 20.1 3
Baisbish 26.0 23.0 21.0 3
Saingar - 373 131 1
Barogar - 37.3 19.8 1
LMN111 - 41.8 20.9 1
Jalmagna 241 26.8 35.8 1
NDGR407 254 - - 1
CV (%) 9.2 17.6 25.0
Repeatability (n} 91.7 85.8 80.9
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ing types from the nonelongating ones without de-
stroying the entries. The expriments show that, for
best precisic, 3- to 4-wk-old seedlings should be
used for screening.

Shallow-flooding techniques. To minimize the
need for deep flooding to assess the rate of internode
elongation, we conducted an experiment with six
elongating and three nonelongating varieties in tanks
atIRRI. Six weeks after seeding, the water depth was
raised to 50 cm. To stimulate elongation and knee-
ing, the portion of the plants that remained above
water level was submerged using a horizontal iron
bar. The iron bar was moved forward across the
horizontal line 2-3 times a week depending on the
increase in stem length. This procedure allowed all
plants, including nonelongating varicties, to be sub-
merged butto survive. This horizontal forcing method
induced test plants 1o express their potential for
elongation at most internodes without necessitating
deep flooding.

Varieties differed significantly in total internode
length. Floating types had the greatest length, fol-
lowed by elongating modem types and tall tradi-
tional DWR (Table 2). Floating varieties produced
10-15 internodes, at least 7 of which were elongated
(more than 6 cm long). Elongating modern types had
eight to nine internodes, at least five of which were
clongated.

Screening for elongation using gibberellic acid
treatment. We cvaluated 48 entries including
nonelongating modem, elongating modern, tall tra-
ditional, tall elongating, and floating types from

several countries. Al the 4-leaf stage, each plant was
sprayed with 3 ml of 500 and 1000 ppm gibberellic
acid (GA,). A control treaiment was included.

We found no significant difference in length of
internodes between the 500 and 1000 ppm GA,
treatments. Therefore, the avcrage internode length
of these two treatments was used for interpreting
results. Results suggest that internodes of floating
rice are more sensitive to GA, than are those of
nonfloating rice (Table 3). However, when com-
pared by Standard evaluation system for rice (SES)
scores and classified into highly elongating (SES
score of 1-3), moderately elongating (5), and nonelon-
gating (7-9) groups, no clear distinction between
groups was observ 1. Furthermore, among the float-
ing rice varieties, plants with good elongation ability
were more sensitive than those with moderate elon-
gation ability.

Findings reveal that floating and nonfloating rice
varieties differ in sensitivity to GA . Foliar applica-
tion of 500 ppmi GA, could be used during seedling
stage to distinguish floating rices with good elonga-
tion ability from those with poor elongation ability
and from nonfloating rices.

Identifying elongating rices without flooding.
To study the developmental-morphological differ-
ences between elongating and nonelongating rices in
the absence of water, 36 entries including floating,
elongating modern, and nonelongating modem types
were grown under normal irrigated lowland condi-
tion. At panicle emergence, we examined 3C ran-
domly selected main tillers for plant height and
number and length of internodes.

Table 2. Internode characteristics and elongation score of some rice varieties under forced

elongation. IRRI, 1991.

Iinternodes

Variety Elongation

Total Elongated Total length score

(no.) (no.) (cm)

Elongating varieties
Jalmagna 15 12 135 1
Baisbish 13 10 116 1
NDGR417 10 7 m 1
NDGR150 8 6 79 5
IR11141-6-1-4 9 6 58 5
IR11288-B-B-69-1 8 5 62 5
Nonelongating varieties
NDGR207 7 4 67 5
IR42 6 3 37 9
IR36 6 4 44 9
10€ |RRI program report for 1991
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Table 3. Internode elongation induced by CA, at 7- to 8-leaf stage in some rice varieties.

Internode elongation {cm)

Variety Country or place Elongation
of origin With GA, Without GA, srore
Nonelongating type
Safri 17 India 41.3 0 9
IR5 IRRI 429 0 9
Duthabhog Bangladesh 43.2 0 9
IR42 IRRI 46.4 0 9
Mahsuri Malaysia 47.6 0 9
Jaya India 49.4 0 9
TN1 Taiwan 56.8 0 9
Average 46.8 0
Tall traditional
Manoharsali India 347 0 9
Rajasail Bangladesh 36.3 0 9
Maliabanger Bangladesh 37.4 0 9
NC492 India 38.8 0 9
Ashini Bangladesh 39.4 0
NDGR207 India 425 15 9
Patnai 23 India 46.4 0 9
Sugapankhi India 50.2 0 9
Nam Sagui 19 Thailand 54.7 0 9
Averzge 42.3 0.2
DWR and MV* elongating types
Bhainslot India 50.5 0 5
Pin Gaew 56 Thailand 52.2 0 5
Girmi Bangladesh 54.3 0 5
IR11288-B-B-69-1 IRRI 55.7 0.2 5
Pan Tawng Thailand 56 0 5
Walihandiran Sri Lanka 60.5 0 5
Jaisaria Bangladesh 61.3 0 5
Bhadoia 293 Bangladesh 61.8 7.9 5
BKNFR76106-16-0-1 Thailand 65.6 0 5
NDGR150 India 65.8 0 5
RD19 Thailand 75.3 0 5
IR11141-6-1-4 IRRI 79.8 0 5
Average 56.8 0.7
Tall elongating type
Rayada 16-05 Bangladesh 51.3 0 5
Rayada 16-06 Bangladesh 62.9 0 5
IR40905-11-3-1-5-3-3 IRRI 63.7 4 3
Sran Kraham Cambodia 64.9 3.2 3
TCA148-3 India 65 4.1 3
Chakia 59 India 70.7 8.2 3
Average 57.3 1.7
Floating type
Anlong Phnom Cambodia 64.8 6.4 3
Vear Sar Cambodia 66.2 6.8 3
Digha Bangladesh 70.4 0 3
Baishish Bangladesh 72.7 3.9 3
Chamara Bangladesh 775 6 3
Rayada 16-04 Bangladesh 81.3 0 1
Bazail 65 Bangladesh 88.8 9.8 1
LMN111 Thailand 97.8 14 1
Chhota Bhawalia India 101.5 15.7 1
Khama Bangladesh 102.4 13.9 1
BR516-48-3 Bangladesh 102.5 26.3 1
Sarsari Bangladesh 103.9 9.5 1
Bhadoia 303 Bangladesh 112 329 1
Jalmagna India 122.6 26.6 1
Average 88.1 11.3

*Modern variety.
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Average internode length among theentries ranged
from 29.5 to 128.3 cm. In general, nonelongating
modern types had fewer and shorter internodes, and
were siorterthan the tall traditional DWRs. Nonelon-
gating modern types had two to three elongated
internodes out of a total four or five, most elengating
modern types produced five elongated interrodes
out of a total five or seven, and traditional floating
rices had six of six to nine internodes elongated
{Table 4).

The results confirmed that developmental-mor-
phological differences between elongating and
nonelongating rice varieties exist and can be de-
tected without flooding, although there is consider-
able overlap between groups.

NEXT STEPS

IRRI will concentrate on prebreeding research and
development of breeding materials for early matur-
ity and medium water depths. We willinvestigate the

Table 4. Internode characteristics of some rice varieties grown under irrigated lowland

conditions. IRRI, 1991.

Internodes Plant
Variety and type ht
Total Elongated Total length {cm)
(no.) (no.) (cm)
Nonelongating dwarf
IR36 4 2 29.5 75.0
BKNFR76106-16-0-1 5 3 47.8 104.6
IR42 5 3 48.2 98.5
IR50 5 3 59.0 132.4
Tall rraditional
Madhukar 4 4 64.6 121.3
FR13 A 5 4 68.0 130.8
NDGR207 4 4 68.1 126.7
Nam Sagui 19 5 4 75.1 131.4
Shayma 4 4 75.6 135.9
Bhatin 5 4 80.2 133.2
FRG15 5 4 88.6 147.9
Amara 6 4 95.1 146.3
Elongating modern variety
IR11141-6-1-4 7 5 63.5 117.3
NDGR150 4 4 67.9 142.8
NC492 5 5 79.1 133.2
Kekuabao 6 5 79.6 139.0
Cha