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Tomas Clemeno, BS, research assistant Rolando 0. Torres, MS, research assistant 
Adelaida Alcantara, BS, research assistant4 Anacorita N. Villegas, MS, research assistant 
Rogelio P. Parrefio, BS, research assistant Chirawat Vcjpas, ,MS, research assistant4 

Renato Reafio, BS, research aide Anastacia P. Aclan, BS, research aide 
Ma. Socorro Almazan, BS, research aide Visitacion Baquiran, BS, research aide 
Marcelo Espiritu, BS, research aide Helen-Grace S. Centeno, BS, research aide 
Myrna D. Oliva, BS, research aide Maridelle A. Dizon, BS, research aide 
Julie J. Godilano, BS, research aide Zenaida P. Pascual, BS, research aide 
Margarito Obien. BS, research aide Rogelio G. Pernito, BS, research aide6 

Reynaldo C. Rodriguez, BS, research aide 
INTERNATIONAL RICE TESTING PROGRAM Ma. Bettina R. Santos, BS, research aide 
V. Seshu Durvasula, Ph D, plant breeder and global 	 Agustin Mercado, BS, research aide 

c, ordinator 
Muhammad Akbar, Pit D, plant breeder PESTICIDE RESIDUE LABORATORY 
Manuel J. Rosero, Ph D. IRRI liaison scientist5 Bienvenido 0. Juliano, Ph D, chemist 
Federico E. Cuevas-Prez, Ph D. IRTP coordinator for Latin Redentor A. R. Natividad, BS, research assistant 

America5 	 Elizabeth F. Acedo, BS, research assistant 
K. Gopalakrishna Pillai, Ph D, !RTP coordinator for East 

Africa5 PHYTOTRON 
Krishna Alluri, Ph D, IRRI interim liaison scientist for West Benito S. Vergara, Ph D, plant physiologist 

Africa4'5 Celestino T. Rivera, MS, manager 
Sang Won Ahn, Ph D, associate plant pathologist Armando R. Diaz, BS, senior electrical supervisor 



Pio Q. Tabo, BS, ek trical supervisor 

Bienvenido B. Manimtinli. BS,research assistant 

PLANT BREEDIN; 
(htrde% S. Khush. Ph 1). principal plant Iteederand head 

. Vu mani, Ph 1), phant breedrSam 


I)erk lileRislauibers. Ph 1). plat breeder 

Francisco .1.Zapatza, Ph 1).ti.ssiw culture spwcialist 

l)hartnawansa Senadhira, 	Ph 1). plant breed/er 
pant hbreederIsugufunmi Ogas a. I) .,gr. 

bree'der 

Ebrahirnali A. Siddici, Ph I), p/ant breeder 1. 

David .I.Mackill. Ph I), 

B. B. Shahi, Ph I). p4aint 

associate plant breeder 

Lesley Ann Sitch. Ph 1), associaeittogenviist 

Michel A. Arraudeau, AIN. visitingplant hreedh'r 

Darshan S. Brar, Pit1).associate Iant breeder4 

CIang-.Ho Ki, Ph 1),visitin'scientist
4 

Hoof,Ph 1), visitingscientist
4 

Bcrt .. 
4 

B.N.Singh, Ph/ 1), sssitilig scien,1tisVt

M..N. rasad, 4


Ph 1). visiting scientist 

R. hakur, P)h1), sisitilig 	scientist

Jean-Christophe (ilaszrnann, Ph 1), visititig associate 

scie.t.Ist 
Emmanuel (uiderdoni, AIN. visiting associatescienist4 


Rodol.o C. Aquino .
1S, assistant scientis 


lose C.ra Jesus .Ir.t A/N, assistant scietist 


Rizal NI. Hurrera, BS. assistanscientist 


Navarro, A/. 


Albien I). (;amsittn. A/N. assistant .scietit"t 

Regi na I). lalmacio, AIN. seaior research assistant 


m aiqueR. Angeles., /, senior re.eitrch assistant 


N, senior research assistant 


enriquc L h. assistant scientist 

Nornla M. dela Crui, 
A senior research ass.ant 


FelipeM. Irasala, BS.senior research assistant 


Evangelina S. Ila. AIN. research assistanti 


Piesqnito A. Aurin, AIN. ressearch asista 


lcraldina R. Salaioa, BS, research assistant 


Alicia V. A lonae,research assistant" 


lina B. eorrio, .IN 

BS, 


Emmanuel N. Sison, BS, researchassistan t 


isperana i1.Bacalangco , research assistant 


Benito U. Romena,. sn,researchassistant 


Antonio A. Esangelista.S, research assistant 


Modesto M. Amante, AS. research assistant 


Alicia A. Capnira, BS, a.ssistant
research 


Nestor R. Baraoidan, S, research assistant 


Georgina V. Vergara, AS, research assistant" 

re assistatit

abien, BS,research assistant 
Rodolfo S.Toledo ,B, search 

6 

Rodante E. 
research assistantCarlos L. Casaln Jr.., BS, 


Alma Cruz. n.
research assistant 

Norvie L Manigbas, RN, research assistant 


Alvaro M. Pamplna,BS. research assistant 


Gersma D. Enicarnacian. B/S, risearih assistant 

Manuel S. Alejar, BS.
research assistant 

research assistant 


Rhodora R. Aldeoita,BS, research 

Editha M. Abrigor, S. 

assistant 

IConardo B.Magaling,BS. research .ssistant 


Christopher B. Ignacio, 11..research assistant 


Edward A. Barlaan. BS,research assistant 4 


BS,
Milagros . Lopez, research assistant
4 
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George A. Busto. It., 1N. research aide 

Paulino 1). letorio.I,r., BS.research aide 

Oscar I). IFdralin,BS, research aih 

Jose I'. Roxas, BS.research aidh 

Benildo (it. los Rcyes, BS,research aide" 
Eleaiar Halili, BS,research aihe/. 

Glenn B. Gregorio, BS,research aih 

Gabriel 0. Romero, BS.research aide" 

l)elta C. de Castro, BS.resea,'ch aide5 
4

Rosalie 1).Fxconde, BS. research aide,6 

PLANT PATIHOILOGY 
Twng-Wah Mew, Pit1), plant patho/ogist and head 

Hiroyuki Hibino, 1) Agr, plant patho/ogist 
Paul S. Teng, Pit1), pl/nt pathologist/ epiteniohogit 

John Michael Bonman, Ph 1), associate plant pathologist 

Hei Leung, Pit1),associate p!ant pathologist 
A. Anjanevulu. Ph D, visiting scientis
 

Lina L. Ilag. Ph 1). visiting scietit.stt
 
t 

Arcadi.v.Qaiurio, Ph1), 	 visiting scientist
in Aung, Ph , visitng scientist 4 

Hisatoshi Kaku. Ph 1),visiting sc-ienti.st4
 

Samuel S. Gnanamanickam, Ph 1. visitim, scientist
 

Fausta L. Nuqut:, A/S. assistant scientist
 

Jode M. Bandong, AiN, assistant scientist
 

Bienvenido A. Estrada, A/S. assistant scientist
 

Francisco A.h laiegui, M , assistant scientist
 

Emmanuel R. Tiongro, AIN, assistant scientist
 

Vladimarte M. Aguiero. AIN.senior reseaech assistant
 

Pepito Q. Cabauatan, IN,senior research assistant
 

Casiana M. Vera Cru, 
 A/N. senior research assstat 

Sonia 1. Ebron. BS, senior research assistant 

Rogelio C. Cahunagan, M.asresearch assistalt
 

RenatoC. Reyes, IN, researe/ assistant
 

Marietta R. Baraoidan, MS,researnichtsistalt
 

Teresita I. Vergel de Dios. Asn research assistant
 

Emerlito S. Barromea, AN, research assistant 

Byron L.Candole, AIN, research assistant
 

Avelita M. Rosales, AIN research assistant
 

Alita 0. Ma ukillM, research assistant
S, 


Edna Y. Ardales, MS,research assistant
 

Guillermo Z. Salamat. Jr.,M
S, researchssitt 
research assistantRicardo 1). Daqioag, S. 

research assistantNestor G. Fabellar, BS, 
Zernaida M. Flores, BS.research assistant
 

Filonena C. Sta. Cr. AIN, research 
 assistant 

Leandro M. Sanchez, S, research assistant 
Eleonor R. Ferrer, MN, research assistant 

4 

researchassistait
4 

BS, 


Silvino B. Calvero, Jr., BS, research assistant 
4
Aurorita G. (oroza, 

Robert C. de Ia Pefia, BS. researcht aide
 
Edward S. Medalla, BS,research aiae
 

Amnable Jose P. Magnaye. HS5,resvearch aide4
 

Irenao B. Pangga, BS. research aide4 

Alicia D. Amante, IS research aide6 
, 
 6
 

Noel T. Chua, BS, t.e
research a 

Marieha A. Bernardo,BS,research aide
 

Gilda B. lonson, ,BS. si'
research a 

Ma. Elizabeth L Mesina, S, research aide5
 

Reynaldo Silla, BS,
research aide4 
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PLANT PHYSIOLOGY 
Benito S. Vergara, Ph D. plant physiologist and head 
Shigemi Akita, D Agr, plant phi hlogist 
Genshichi Wada, D Agr. plant phlsioogist 
KTakahashi, I) .'Igr,visiting scientist4 

John M. Wilson, 'h 1). visiingscintist4 

Francisco I. Parao, MS, assitantscientist 
Romeo M. Visperas, MS assistan scientist 
Victoria P. Coronel, JfS, senior research assistant 
Aurora M. Ma,aredo, 11S re'searchassistant 
Gloria S. Cabuslay, 31S. rcsc'arch assistant 

Ma. Rebecca C. La/a, MS. research assistant 

ILibrada Blanco, lS, research assistant
 
George Patcfia, MS, research assistant 

Pompe Sta. Cruz, AIS, research assistant 
F. Sherwin Lopez, A/S. r'search aihl,
 

Darr'l Aragones, BS. research aide" 

Rowena Castaneda, BS. researchailc 

Albert(. Aguilar, BS, research aicl 1 ''  


RICE FARMING SYSTEMS PROGRAM 
Virgilio R.Carangal, Ph D, agrottomist and head 
James R. Hoopper III, Pit 1). agronotnist " 

Jerry .. McIntosh, Pit D, rcscarch ,vtens specialist5 

Rosendo K. Palis, Pi 1), agrononist5 

Noel P. Magor, At Agr, associate agronctnist 
Nicolas Mateo, Pi ). ,cisiting scientist4 

Anake Topark-Ngarm, Ph 1), visiting scientist 
Domingo B. Ro,.as, Ph 1), visiting scicntist? 
Rolando V. l.abios, AIS, senir research assistant 6 

Antonio C. Morales, A/S, sen , research assistant 
Ramon A. Oliveros. AS. senior research assistant6 


Esteban C. Godilano, 11S.research assistant 

L.conila A. Lantican, BS, research assistant t 6 
. 
Reynaldo C. Mendoza, A/S, research assitanittl6
 

Fleuterio T. Rebancos, Jr., BS, research assistant(' 

Primitivo .. Tengco, BS, research assistant6 

Efrcn C. An ida, BS, research aide 

Cesar C. Maligalig. BS, research aide1 


Aurora Ros-.lie A. Pargas, BS, research aide 

SEED HEALTH UNIT 

Twng-Wah Mew, Ph 1), plant pathologist andhead 

Silvino I). Merca, MS, assistant scicntist
 
Evelyn B. Gergon, A/S, research assistant 
Carlos C. Huelma, BS. research aide 
Danilo M. Matias, aS, research aice 
Roy Russel M. Romano, BS, research aide4 

SOIL MICROBIOLOGY 
lwao Watanabc, 1) Agr, soil microbiologist and head 
Jagdish K. Ladha, Ph D, associate soil iicrohiologist 
Pierre A. Roger, D Peclologie, visiting scientist 
R.P1.Parack, Pi 1. visititg scicntists4 

D.P. Kushari. Pi ), sisittig scientis 4 

Adwewale Adabayo, Pi 1), cisiting scientists4 

Wilbur 13.Ventura, MS. assistant scientist 
Agnes C. Tirol-Padre, MS, senior research assistanti 
Corazon R. Espinas, MS, senior research assistant 

Benjamin C. Padre, Jr., research assistant 
Teresita Santiago-Ventura, BS.,research assistant
 
Susan Santiago-Ardales, MS, researchassistant
 
Reynaldo T. Oliveros, AIS, research assistant6
 

Ma. Luisa G. Daroy, BS, research ussistant2 

Grace Buenaventura-Mascariia, 11, research assistant6 

Rosario Remulla-.Jimenez, BS, research assistant 
Ma. Theresa B. Lapis, 11S,research assistant
 
Gloria Caldo-Punzalan, BS, research assista r
 '
 
Rolando B. So, MS. research assistant
 
Minviluz L. Garcia, BS, research assistant
 

6Genalin Angelo, BS, researchaide4"

SOILS 
Heinz-Ulrich Neue, Pit D soil chemiist and head
 
Terence Woodhead, Ph D, physicist
 
Paul R. Bloom, Ph D, visiting scientist t
 

Subramanian Nagarajah, Pit D visiting scientistt
 
Rhoda S. Lantin, MS, assistant scientist
 
Corinta C. Quijano, MS. assistant scientist
 
Myrna R.Orticio, BS, senior research assistant
 
Ma. Theresa C. Cayton, AtS, senior research assistant
 
Alma Ma. B. Capati, A/S. senior research assistant
 
Ro'thlfo Y. Reyes, AtS, research assistant
 
Nida U. Autor, AS, research assistant
 
Susana G. Maghari, BS, research assistant2
 

Edna A. de San Agustin, BS, research assistant
 
Josefina L. Soltvas, AIS, research assistant
 
Jocelyn B. Aduna, BS, research assistant
 
Ma. Carmelita R. Alberto, BS, research assistant
 
Cynthia M. Chavez, BS, research assistant
 
Elmer B. Zarate, BS. research assistant
 
Nancy Urriza, BS, research assistant?
 
Celeste C. Patefia, BS, research assistant
 
Roberto Oficial, aS, research aid( 6
 

Bayani L. Palanginan, BS, research aide
 
Nenita B. Fortuno, BS, research aide
 
Mary Ethel C. Tenedora, BS, research aidc
 
Estela M. Pasuquin, BS, research aide
 
Nora R. Macariola, BS, research aide
 
Teresita R.Savares, BS, research aide6 

Romeo J. Cabangon, BS, research aide6 

Edgar V. Salire, BS. research aide" 

STATISTICS 
Kwanchai A. Gomez, Pi D statistician and head 
Nora Epifania N. Nano, BS, senior research assistant 
Grace L. Reyes, BS, senior research assistant 
Ruthie T. Aguilar, BS, research assistant 4 

Antonia M. Aquino, BS, research assistan t 

Violeta I. Bartolome, BS, rese lrch assistant 
Rowen T. Calinga, BS, re.sa,-ch assistant6 

Victoria M. Claveria, BS, research assistant 
Anabella C. Fabellar, BS, research assistant 
Priscilla P. Kennedy, BS, research assistant 
Dolores R. Ledesma, MS, research assistant 
Leon.rdo P. Lopez, BS, researchassistant 
Adelna Nenette C. Mendoza, MS, researchassistantt 
Ruben T. Palabasan, BS, research assistant t 
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Rise D. Ronquillo, BS, research assistantt 6  

Estei C. Ulpindo, BS, researchassistant 

Julie D. Zamora, MS, research assistant 

Junelyn Joyce R. Arizala, BS, research aide"6 

Lanie L. Criseno, BS, research aide4' 

Arsenio R. San:iano, BS, research assistant 

Remedios E. Ballesfin, BS, research assistant 

Romarico S. Necesario, BS, researchassistants 

Ma. Martha L. de Villa, BS, training aide 
German 0. Turija, BS. research aide6 

Lynn Corazon M. Mulimbayan, BS, researchaide 

Angela Ma. R. Oliveros, US, research aide4"6 WATER MANAGEMENT 
Sadiqul I Bhuiyan, Ph D, agricultural engineer and head 

TRAINING AND TECHNOLOGY TRANSFER George J. Moridis, Pi 1), associate agriculturalengineer 

Dan R. Minnick, Pi D, trainingspecialistand head 

Glenn L. Denning, Ph 1), associate agronomist 

Grcgor J. Wells, Ph 1), consultant4. 

Jill M. Sullivan, AIl. consultant
4 

Allredo A. Domingo, MS, assistantscientist 

Julian A. Lanitan. MS, assistantscientist4 

Rizalino T Dilag, Jr., RS, senior researchassistant2 

Emer;*o V. Tipa, MS, senior research assistant 

Noemi M. Yapit, MS, seniortrainingassistant 

Ernesto G. Perez, BS, seniortrainingassistant 

Domingo F. Tabbal, MS, assistantscientist 

Marius M. Agua, HS, senior research assistant 

Manuel M. Alagcan, MS, research assistant 

Valeriana Linda B. Gloria, BS, research assistant 

Gloria S. Bumanlag, MS, researchassistant 

Abel R. Sumayao, MS, researchassistant 

Alejandro L. Galang, BS, research assistant 
Maximina A. Lantican, BS, researchassistant 

Ambrocio R. Castaneda, BS, researchassistant 

Roberto S. Soriano, MS, researchassistant 

Madeline B.Quiamco, MS, senior trainingassistant Oliver G. Ct,oza, BS, research assistant 

Orlando N. Magistrado, MS, seniortrainingassistant 

Oscar A. Garcia, BS, training assistant 

Edwin C. Lozada, BS, trainingassistant
4 , 6 

Larry C. Guerra, MS, researchassistant 
Rolando 0. Samaniego, research assistant

6 

Alberto C. Aduna, BS, trainingassistant 

Salvador 1. Yabes, MS, trainingassistant 

Josefa L. Gonzales, MS, trainingassistant 

Aurora M. Argente, MIS, trainingassistant 
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Celia B. Correa, MS, MA, trainingassistant 

Joel Rizaldy G. Flor, AB, trainingassistant 

'Left during the year. 
'On study leave/training. 
3Joined and left during the year. 
4joined during the year.5
Cooperative research staff.6On project appointment. 

Rebecca H. Patalen, Al Agr. trainingassistant 'Transferred from Computer Center to Entomology. 

Lutgarda 1). Barnachea, BS, tro;ningassistant "Transferred from Training and Technology Transfer to 

Jose S. Nicolas, MS, rcsearch assistant 

Rodolfo R. Salcedo, MS, researchassistant 

Visitors Office. 
9Died during the year. 

Regalado M. Aseron, BS, research assistant tOTransferred from Indonesia to Bangladesh. 
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About this report 

After more than 25 years of research on rice, is there still somethii,. left to do that goes 
beyond national concerns? 

After more than 25 years of building up national research systems and training
thousands of scientists, is there still a role for an institution like IRRI? 

There is, and this 26th Annual report is only one proof of the need for an international 
center that focuses on research, training, and institution-building issues linked to the staple 
crop of almost half of the world's population. The price of rice has become very consumer 
friendly, leading to lower investments in rice production schemes. Some scientists,
planners. and policymakers question the ratioiale for such short-term decisions. But there 
can be no doubt when it comes to rice research. We must search for a new rice yield
plateau, especially for the irrigated and favorable rainfed lowland production systems.
Those areas fill the rice bowls of the growing number of poor consumers, especially the 
urban poor. -t the same time, we have to contribute to the common goal of improving the 
living conditions of the underprivileged in the less favorable rice environments. 

IR RI is increasingly concerned with research issues related to the future of both the rural 
and the urban poor. They are IR RI's primary target group. We can, however, be effective 
only in a very close partnership with our fellow scientists, administrators, and 
policymakers in the rice-growing countries themselves. IRRI will not hesitate to maintain, 
strengthen, and enhance this relationship, keeping in mind the mandate given to us more 
than a quarter century ago. 

This Annual report reviews research conducted by IRRI staff during 1987. Some 
experiments are summarized completely. Others are ongoing, and interim results are 
reported. In all cases, further information can be obtained from the departments
concerned. IR I scientists also report their results in IRRI highlqhts, the International 
r,'Ce research newsletter (IRRN), the IRRI research paper series (IRPS), conference 
proceedings, monographs, and technical journals. 

Each year, the Institute intensifies its cooperative work with national and international 
agencies, based on priorities expressed at work plan meetings. Although almost every
section of this report mentions these activities, they are featured in the International 
Collaboration section. Three programs that are based on international cooperation-the
International Rice Testing Program (IRTP), the International Network on Soil Fertility
and Fertilizer Evaluation for Rice (INSFFER), and the Asian Rice Farming Systems
Network (AR FSN)----are discussed there. Other sections that include a particularly strong
international focus are Machinery Development and Testing, and Training Programs.

The abbreviations and acronyms used in this report are listed on the following pages. In 
addition, we have spelled out all names and terms on first use in each subsection and have 
used abbreviations thereafter. 

The report refers to four fundamental types of rice culture. Upland culture means rice 
grown in "ainfed, naturally well-drained soils with bunded or unbunded fields without 
surface wtcr accumulation. Rainfed lowland culture means rice grown in fields that are 
usually bunded and in which the crop is not irrigated, but the soil is flooded for a portion of 
the crop cycle to a depth ( f '-50 cm. Irrigated culture means rice grown with irrigation in 
bunded fields. Deepwal-Pr culture means rice grown in unbunded fields that become 
submerged under 50 cim or more of water. The adjectives upland and lowland describe rice 
and rice-growing soils. 
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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 roeans an untreated control. Grain yield is calculated as rough rice, and protein 

content as ,apercentage of brown rice, at 14% moisture content. Yield rcfers to grain yield 

unless otherwise noted. Fertilizer amounts are given in terms of the elements (N, P,K, Zn, 

etc.) and not in the older conventional oxide formulations (1,05,K20, etc.). 

Pedigrees are indicated by a slant bar ( ) rather than by a multipliation sign (X). For 

IR30. The sequence of crosses is illustrated byexample, P-!1333 X 1R30 is written PT1333 
the number of slant bars: (PTB33 X IR30) X IR36 is written PTB33/ IR30/ /IR36. Fourth 

and further crosse.; ate designated :4, , /5/,and so on. Backrosses are designated by an 

asterisk (*) and a number indicating tile dosage of the recurrent parent. The asterisk and 

the number are placed adjacent to the crossing symbol, which divides the recurrent and 

donor pakents. 
Unless otherwise noted, scoring of morphological characters and of damage attributed 

to rice pests and physiochemical stresses is based on scales in Stamdard evaluation s stem 

for rice (SFS), 2d, 1980. Copies are available fhom the International Rice Testing 

Program, IRRI. 
A single asterisk (*) means difference at the 5(,,Klevel of significance, and a double 

asterisk (**) means a significant difference at the 1j%level- ns means not significant. Unless 

otherwise stated, separation of means in table columns is by Duncan's multiple range test 

at the 5fj level. 
]'his report normally uses generic names for chemicals. Use of a commercial or brand 

name does not constitute endorsement. 
A thunm index on the back cover provides access to each section. To use it, bend the 

book slightly and follow the margin index to the page with the black edge marker. 
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Abbreviations and acronyms
 

AARD = Agency for Agricultural Research and Development, CNRRI = China National Rice Research Institute
 
Indonesia 
 CP = cowpca


AAS atomic absorption spectrophotonicter CI'D = Communication and Publications Department

A!!A abscisic acid 
 CPiJ = central processing unit 
AC = anylose content CRIFC = Central Research Institute for Food Crops, Indonesia 
AF = after Iallo A, alluvial lan CRIN = arihbean Rice Improvement Network= ai active ingredient CV n=C01l11n10n variance, coefficient of variation 
AI RA I Alrican Irrigated Rice Advanced Irial CY = crop year
 
AllRON African Irrigated Rice Observational Nursery

Al I SS African Irrivatcd Rice F'rlimninary Screening Set DA = l)cpartment of Agriculture, Philippines

AR alter rice DAD = days alter draining

ARA acett lne-reducing aeti, i', 
 DAF =davs after flooding
AR IS Agno River Irrigation System. Philippines DA[ - das after inoculation, days after infestation
 
.\R.PF --- Asian Rice Farming Systems Network 
 DAS days after seeding, days after sowing

ASI[ Anals ical Service Laboratories I)BH days before harvest
 
A I V alluN al terrace 
 I)BMS = database management svsteni
 
A I R - apparent translocation rate 
 I)lPI days before panicle initiation
 

ITRA I= 
 African I rpland Rice Advanced Trial DBT days before transplanting

Al RON Africn Upland Rice Observational Nursery DI1 days after emergence

AIURPSS = Alrican Upland Rice Preliminary Screening Set I)M - dry matter
 
AVRDI) Asian Vegetable Research and I)evelopmcnt I)MRT = Duncan's multiple range test
 

Center 
 DlI) =dep placed, deep placement 
r)S = dry seasonB&I bro~adcast and icorporated I)SR = direct seeded riceBak bakanac DT days after transplanting


BB bacterial blight 
 [W = dry weight

BB&I - basal broadcast and incorporated I)WR = decpwater rice
 
BC = backcross
 
BGA = blue-green algae EC = electrical conductivity

11 FS = Burma-I R R I Farming Svstens Project FI.ISA = enzyme-linked immunosorbent assay

fI :-- blast FT = evapotranspiration 
I.S bacterial leaf streak
 

BPH - brown plarithopper FAS ffluorescent-antibody staining

11I I Bureau of Plant Industry. Philippines lb = fIollowed by

BRI brown rice protein FFY = fresh fodder ield
 
BRRI = Bangladesh Rice Research Institute FIA = farmer irrigators association
 
BS = best split FM P = fused magnesium ohosphateFSR = broadcast seeded rice FOFIFA = National Center for Applied Research on Rural1BVI = basic vegetative phase Development, Madagascar 
CAAS = Chinese Academy of Agricultural Sciences FR = farm resersoir 
CABI = Commonwealtn Agricultural Bureaux International FSRI = Farmiiig Systems Research Institute, Thailand 
CAI = cellulolysis adequacy index FTM = tcrtilizer testing model 
CAO - custard-apple oil GA3 = gibberellic acid 
CAR ) = Center for Agricultural Research and Development, GB = germplasm batik 

Bhutan GC = gel consistency
CEC = cation exchange capacity GCA = general combining abilityCEDIA = Centro de Investigaciones Arroceros. Dominican GI1-U = Genetic Evaluation and Utilization
 

Republic 
 GF = grain filling
CFU = colony-lorming unit GLH = green leafhopper
CGIAR = Consultative Group on International Agricultural GM = green manure 

Research GT = gelatinization temperature
CGR = crop rrosvth rate GV = granulosis virus 
CIA= Centro Intcrnacional de Agricultura Tropical 
CII)A = Canadian Intcrnatimnal Development Agency H hybrid
CIMMYT = Centro Internacional de Mt ij'amientode Maizy HB -hoja blatica 

Trigo HI) high density
CIPR = Christmas Island phosphate rock HI = harvest index 
CM = chicken manure HPLC = high performance liquid chromatol'raphy
('MS = cytoplasmic male sterile HYP = high yield potential 
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I = indica IURYN-E = International Upland Rice Yield Nursery-Early 
IARC = international agricultural research center IURYN-M = International Upland Rice Yield Nursery-
IAS -- Institute of Aninal Science, U P1.1B Medium 
IIP(R - International Board for Plant Genetic Resources IVTDM I)- invitro truc dry matter digestibility
 
I('AP inductively coupled argon plasma spectrometer
 
IWtAR Indian Cou ncil of Agricultural Research J = japonica
 

ICRISAT - Intiinational Crops Research Institute for the K1,1 -=kerosene light trap 
Se mi-Arid I ropics 

I ) - intinsis edata plot LA = leaf area 
II)RC - International I)e\eloprnent Research Centre. Canada LAI lcal area index 
IF: intrlluI I AIR IS = Lower Agno-Totonoguen River Irrigation System, 
IF)C : International )cviopment Center Philippines) Fe ritili/er l 
IFR()N ---Initriitional Floating Rice Observational Nursery I.D = low density
 

161Fl) indikiduil graii tilling duration I.D5( lethal dose required to kill 50t',
 
I(;i -Rindiidual grain growth rate I.FR land equivalent ratio
 
IGW indit graiin %Wight IF = lealfolder
idual 

IIIB Intirnatioial \bridi,ation Block L.S = linear shrinkage
 
III il i inational l rigation Management !nstitute I.Sc leat scald
 
IIIA Inteinational Institute of Iropical Agriculture I.SI) least significant diflerence
 
1.1 indicat-iapotica LSS line source sprinkler
 
INSIFFIR - Iitiinational Network on Soil Fertililv and LTR light transmission ratio
 

-crtili,t IFkaluation IorRice I.WR length-to-width ratio
 
INS RI - Inteinational Neisork on Soil Fertility and
 

Sosiaiibic Rice Farming M = mai/e 

II' -- iniirill miniplain MARI) =-Malaysian Agricultural Research and Development 
111B Institute l Plant Breeding. UPI.B Institute 
I M integrated pt:st iiarigenenl MB = muttbeat 
IRAlI iiRitut (iCRecherches Agronontiques Tropicales et MI1CR = marginal henelit-cost ratio 

dts Cltuics Virieres, France MCI) = Multiple Cropping Department 
IRItN - International Rice Bacterial Blight Nursery MPN = most probable number 
IR3IIN Inttrnatitoal Rice Blast Nursery M R = moderately resistant 
I R BPH N - I ntritiona Rice Brouissn Planthopper Nursery MR M = multifertili/er response modcl 
IRC IN - International Rice Cold 'Iolerance Nursery MRRTC = Maligayi Rice Research and Training Center. 
I, )WON International Rice l)ecpwater Observational Philippines 

Nursery MS = ioderately sensitive 
IR((C- International Rice icrniplisin Center MT= nlaxilul tillcring 
IRiQSS i lnternatioitl Rice Crailt Qualit, Screening Set MV = iodern \aricty 
IRIS lihimian kier Irrigation S"slicm. Philippines 
IRON Iternational Rice Obscrvational Nursery NBPGR = National Bureau oPlant Genetic Resources.India 
IRRI International Rice Research Institt NC = nictcake 
I RRSWON - International Rice Rainlid Shallow, Water NHI = nitrogen harsest index 

Obseratlional Nursery NIA = National Irrigation Administration, Philippines 
IIRRSWYN-F = International Rice Raintd Shallow Water NO = neem oil 

Yield Nursery-arlk NPV = nuclear polyhedrosis virus 
IRRSWYN-M - iernational Rice Rainfed Shallow Wtter NSB = neem seed bitters 

Yield Nursci-Mediunt NSK = neert seed kernel 
IRSATON = International Rice Salinity and Alkalinity NSKE = neett seed kernel extract 

=Ioliranc Observational Nurser\ ON observational nursery 
I RSCiON -- Intirnational Rice Slender Grain Observational OC = organic carbon 

Nursery O()T = observational yield trial 
IRSBN - International Rice Stern Borer Nursery 
IRSIYN International Rice Salinity Tolerance Yield P= peanut 

Ntursery PAB = photosynthetic aquatic biomass 
IR IN International Rice Tungro Nursery PAPR 1z partially acidulated phosphate rock 
IRI11) Itte rnatioral Rice lesting Program PAR = photosynthetically active irradiance 
IRI;SS --International Rice Ufra Screening Sel PB = Plant Breeding.I)epart ment 
IRWIBPIIN - International Rice Whitebacked Plaithopper PCU = polymer-coated urea 

=
Nursery PI) planting density 
IRYN-I - International Rice Yield Nursery-Early PhilRice = Philippine National Rice Research Institute 
IRYN-M - Intern:itlonal Rice Yield Nursery-Mediun PII panicle initiation 
IRYN-VII Intc national Rice Yield Nurserv-Very Larly P1.= plastic limit 
I I PRON - Int:rinatital Tide-Prone Rice Observational PMC pollen mother cell 

Nursers PPH = plants per hectare 
IURON International Upland Rice Observational Nursery PRI. = Pesticide Residue Laboratory 
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PSS = preliminary screening test 

PU = prilled urea 

PVC = polyvinyl chloride 


RADPC = relative area under disease progress curve 
RAVC = return above variable costs 
RC = runoff coefficient 
RCI) = randomized complete block design 
RI)A - Rural Development Administration, Korea 
RFtH riceforage hay 
RFS riceforage silage 
RH relativehumidity 

RI relative
resistance index 
RIARS = Regional Integrated Agricultural Research Systems, 

Philippines 
RILD --root length density 

RIH = lesion height 
relative 

RRI Rice Research Institute, Dokri, PakistanlegthURYTRRL elaiveroo 
RRI: relative
root length

RRTC z-Rice Research and Training Center, Egypt 
RS = researcher's split 
RStT = routine seed health test 
RSR ross seeded rice 
RSV ragged stunt virus 
RT = river terrace 
RTBV = rice tungro bacilliform virus 
RTSV = rice tungro sph-erical virus 
RTV = rice tungro virus, tungro 
RYT = replicated yield trial 

S&P = seepage and percolation 
SAR = sodium adsorption ratio 
SHi- soybean, stem borer 
SCSFA = short-chain saturated fatty acids 
SCU = sulfur-coated urea 
SI) = standard dc iation 
SI)W = seedlir, dry weight 
SIFA: Srctary o,State of Agriculture, Dominican Republic 

Sitandrd ,
S -- cvahalion .iysitmm jbr rice 
SIP sink !ormnition profile 
Shill sheath blight 

ShR sheath rot 
SHU = Seed Health Unit 
SLA specific leaf area 
SMY = soil moisture tension
SSB = striped stem borer 
SSST = standard seedbox screening test 
SWRI surface water retention index
 

TARC = Tropical Agriculture Research Center, Japan 
TDMY = total dry matter yield 
TPR = transplanted rice 
TSP triple
superphosphate 

TV = traditional ariety 

UCL = Universit& Catholique de Louvain
 
UPLB = University of the Philippines at Los Bafios
 
UR = upland rice
 
UR = Upland RiceUpLland Rice Yield Trial 
USAID= United States Agency for International DevelopmeUSDA = United States Department of Agriculture 
USG = urea siipergranules 

VAM = vesicular-arbuscular mycorrhizal fungi 
vol = volume 

WA = wild aborted 
WAI = weeks after inoculation 
WARDA = West Africa Rice Development Association 
WB = water balance 
WBPH = whi~ebacked planthopper
WCV = wide compatibility variety 
WDI water deficit index 
WS = wet season 
WSR = wet seeded rice 
WT = weeks after transplanting 
WTD = water-table depth 

Xeo = bacterial blight caused by Xanthornonas campestris p 
or(at,
 

YSB = yellow stem borer 
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,.¥ liv f.. A'p,/ruhua (weedv) wvere collected f'rom 
FIFI1 I) 0IIF(" lI[N s:.line tracts near the coast and fron laterite soils in 
hit'rflatlioffl Rice (ermln/lavs/n C('le'lr 

Over the last 5 \,r. the, numher of requests f'or 
samples of populations of' wild species has signifi-
calitl increised ( [lahle I ). Recent decvelopnents in 
tissue and cnhr\o CUllIttre iI pairticuir aind hio-
teclhnolouv in gencral hae been i niaor reason for 
the increased intercst in ine material. The ac-
c SsiollnS (reCprCI nIn dIflrernt populiIionls) ol 
\\ild specie,, iII the \%orld collect ion conser\ed h 
the Inlternitionlil Rie (ir1 plasii ('enlter R(i( i 
total12,3751 ri 23 species. s itih4 species belonciie 
to 3 Cllcl;i related to (0 1-1. Wild ()r/'-:u specics 
ha\c been used sucessfull\ in breeding prograls 
both .il IRRI aind in ntilal ielniilhtirlal reCirch 
,,\stClIs. IIov\CC. (lr.e e'ieHanlk iccCSions of 
lhese species as;al i l 1 t sciCrit ists do nor 
idCequLiel cose their rrile ol \lariabilit 

Witih ihar ill i ind. ,olliboritmSe plans \Cre 
dra\rI tip in Septembcr stIili India and Ihlilaind 
10r collCetine \Aild rlati.Cs Of ri.c in both coutll-
tlies. \\hich ailc still rich in arition lot these 
species. I lie first phase of Collection \..,asnlple-
iCintCdLi \Noil i\Cblrl)ind I)eCeirihCr'. 

liiNlo\ciuihcr. ail IIRRI "tallrlenlhcr Joined \%iti 
the slall of the Natiol luleli to I( irnt (ierietit 
Resouirce s (N'III'( R IIndiato collect \. id species 
iii Kerala Sta e in sotitlivmesteri India. ilie trip 
netted 65 samples of 7 species (I able 2). [his 
collection covercd hihitat, hi ih in thlie scustern 

olntins. \\ here 
oli in ihe forest 10lor ind 0. )Iliiifli. near 

rapids. I iaddition, tile close \\ild r'eliti Ses of rice 

(ha ol Or vio gIraIlII/.oll can be 

0. 1'/ i,g'ol (pererilial).0. llil'r (illtial). aid 

the north of the State. 
In I)eccnber, in IR R Istali menhcr joIied with 

the stall'of the Thai Rice (ernplasm Bank it the 
ilhurn Ihlni Rice Research (' t r to collect 

\ Ild rices fron ccntral ind northe,'IThailand. 
I1is iestltedl in the first collections of Orrza 

.,ralwndau, Iroln lhlilland i 30 yr and tle first 
collection of wild rices from the Nan Valley in tie 
ext ret' north of Vlhailand. The' species cllected 
during tlie trip are listed in [able 2. 

IhiesC collections of k% rice ndila andild 'rom 
Ihailaiid are fio\% being grown for seed increase 
bothIin lhe hon countrv and at IRRI. At thetime 
of gathering the seeds. data on ,45 characteristics 
including location. species naime, local narnes, and 
ecological, morphological, and taxonomic data 
were recorded for the samples. 

St1 1) I'tN')sltS \tINVI\10Y 
Iteh'rmuti/ul Ri' (;ernlp/cl.sf (' ier 

Major donors of seed to tile I RIC were 
0 the Interniational Board lo'" Plant Genetic 

Resources (IIH1P(iR 696 samples collected 
1i1n1 Ilurkina F'aso and 4 samiples collected 
from Zimbabwe 

0 Thiaillind: Pathurn Ihlani Rice Research 
(enter 664 samples 

0 Nepal: Agricultiural Botany Division. Khu
ialtar 24 I saiples 

• 	 Pakistan: National Agricultural Research 
('enter. Islamabad 203 samples 

• .aparn: Inslit.re of 1ropical Agriculture, 

Table 1. Progress in International Rice Germplasm Center distribution of seed of Oryza ct:ltigens and wild species, 1982
87.a 

0. glaberrima, genetic testers, and wild rices 

Year 
0. sativa samples distributed (no.) distributed (no.) 

Within IRRI To national programs Within IRRI To national programs 

1982 33,975 (279) 11,075 (154) 378 (26) 438 (20)
1983 28,443 (287) 
1984 28.170 (277( 
1985 30,709 (306) 
198r 39,135 (327) 
1987 35,212 (297) 

aFigures in parentheses are number of requests. 

3,756 (150) 342 (20) 972 (38)
6,619 (146) 83 (17) 448 (29)
4,736 (172) 1,138 (24) 1,174 (36)
9,897 (187) 2,253 (13) 595 (28)
8,714 (214) 1,758 (53) 618 (47) 

http:Inslit.re
http:ernlp/cl.sf
http:rlati.Cs


(I+NHIC I'VAI.1IATI()N AND UTIL.IZATION t) 'R()CRAM 3 

Table 2. Species of Oryza, their habitats, and population 46,000 samples, but the number of requests (611 ) 
samples collected in India and Thailand in 1987. w\as tile highest on record (Table I). A marked 

Population increase in demand came from cellular and mole

samples (no.) cular biologists. The screened nursery area was 
Species Habitat expanded to produce difficult-to-grow germplasin. 

India Thailand Rigorous quality control of seed being dis

0. sativa Farmer's field 3 0 tributed was continued. Every seed sample for 
Weed race (0. sariva Farmer's field 34 34 rejuvenation, distribution, and preservation was 

f. spontanea) and field margin 
0. nivara Seasonally dry 10 8 checked against seed stored in the seed file, and the 

ditches norphoagronomic data were consulted when 
0. rufipogon Deep water 8 34 necessary. 
0. officinalis Partial shade, 3 4 

often beside 
streams 

"0. rnalarnpuzhaensis" Foret floor 2 0 (I.ARA IRIAI[ION AN) SIT)) I)RFSFRVA [ION 

0. granulara Forest floor 5 7 

0. ridleyi In shade of 0 1 hiu'rnaiioalRice Germplasm (enter 

trees, beside 
water 	 The varying quality of seed produced in 1986 WS 

and 1987 dry season (1)S) slowed the process of 
channeling Ifrsh seed into tilepreservation phase 

Kvushu I intorSitV. Fuk uoka 202 samples ,nd necessitated rigorous selection of seed before 

" India: NBPG R. Nex% Delhi 190 samples storage. During 1987, 4,356 access.ons of O.sativa 

* 	KaMpuchca: Pre% Phdan Agricultural were selected, dried, and canned for preservation. 

Station 176 samples The canned accessions totaled 32,336 at year's end, 

Sierra Lcone: Rice Research Station. Rokupr a little over one-f ourth of the IRGC rice cultivar" 
29 samples 	 holdings. 

Rice workcrs in national agencies and tie A total of' 5,248 seed samples were sent to tile 

I lntatonital Rice Testing Prlograndonated nlin\ National Seed Storage Laboratory in Ft. Collins, 

other hatch .sin Sniller quantities totaling 2,687 Colorado. tI.SA, for duplicate storage. 

Saminplc s. 	 For initial seed increase, 2,279 plots were 

At the end of 19s7. the I R(iC's to:al holdings of planted: for field characteri/ation, 4,779. Field an,' 

,2.515 acc,lolls consisted of 74.498 registered 0. laboratory characteri/ations were completed for 

sati'a accessions 2,983 0. glalerrima strains, about 3.000 0. sati'a accessions, resulting in 

2.375 poplations of 'wildspecies, 695 mutants and 63.047 accessions completely characterized for 45 

genetic stocks, 1,748 newly planted samples, and morphoagronomic traits. For the process of 

219 unplanted samples. preservation re uvenation and canning -13,094 
plots of aged :-:cd were planted. 

NI 1I lNtRIASI \t) 1))ISIRIBI IION 

' (a'ri,)InIhiim(enter 	 BI(OMH RICAI. PROCEI)URE FOR )lECTINGhitt'ritattalinal 
PROBAIL.F DUPI.ICATS 

Field planting for ,eed increase, characterization, Stai,stics Delmrtnent anI nhternalional Rice 
and rcItivenatiorI \\,as between the IRRI C'enterdivided Gf'rmldlas 
larm and a wittcd field in l)avap. Cilauan. 
Laguna. Seed production was again hampered by Ctulti,,ars in the IRGC collection contain a con-

Zn deficiency and virus diseases. The unusually siderable number of duplicates because seed sam

cloud, weather and two typhoons during the wet pies of the same country were deposited by national 

season (WS) also contributed to lower-than-usual and state agencies in batches over a period of time, 
sced el,. or because the same variety carried a slightly 

,'Sceddistributiin to IRRI researchers and to rice different name, or because the variety has been 

scientists abroad remained at a high level of about disseminated to other countries and redeposited by 
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ano~ther dorolr. \hen 'ahatch of seed is being
reu'rcrd, the xartt name. eonntry of oriein, and 
grain chuacteri,,ties are uselul criteria inl cor-

',01tiuOut 
ic L'ithr discardd 0! bulked. llo ,. ti, 
,ip 

paine and sot )iotls dupliates. which 

•i ,cchlc ho, limited appicilion. \ 
iisal,,+ .t'cttit'thait tt,, tle. ol the 45 
mllpho t;.,0h(1it.t1, , Iis,( Ili-li file\ alnd 
+itllli nil, it lit tl \,tMild p Ic I intici tn 

traits. I) gave K values ranging from 0.68 to 0.90 
and are considcrcd to have high degrees of agree
rncit. These traits are related to the pigmentation 
of soille plant parts. puescence. and endospcrm
type. On the other hand, apicnlus color, blade 
color, collar color, internode Color, and ax'iing 
hd lo\ K ,altres (-l[2S to (.38). tlltle 9 coded
 
LItlantitati\,. tail, had lo\ i aLgI'eemenL'Mllellt,
 
xxitl K alucS ranging ron -).13 to (.21. Coding)ox cr'l i l ti d a ttli,.t,,s. \lI ,+..-sehtti,ii for these traits need to be reexamined.

tlie 45x)\Cl. trilits Illt\heIL.re'duced it)I Sitllir. 
11ttrle pi:Aticill nunrithet itlu,clul tes. 

A 2-\ t SIl xxasI,dc, igned ttst the leasiibil its 
of Such aI apploach. 13. using 15 qualitatie 
(diCreIcI) dird 9 coded ItUalttitarixe (corntious) 
tralits,, u idetntilid 27) piris of probablIc dupllica s 
rtll 39.,I) accessiols htax ing cormplete data: 260 

Ie sillt 

pailS (99, 


lirs (933,Iihaxll.' CountrII\ of oricirn. 270 
) are of tieSam \au t.g-tlroip,alld 258 

pails (921(la e boll, thte samne oricin and \:urict\grotup. () this group. 213 pairs werce planted it 

19.' WY arid 1987 WS lhOr side-by-side corn-

pariSon1 id for lllCasII'I+i
tile CxtCnt of \lialtiol 
ila itix err2tait.I entuall\ 134 pairs (63'1) wecre 

found to be tlltoliogi.ill.\ sintilr: ,xmiplcs 
are 
sih ,iIillIablc 3. 


Ihc lierio of the lrellr
arIl ttla .aCcessIons It) 
CruxIilit;llill \ iale \%,Sstild as a mIeasillC of 

st;billrx or ,lotlrtrout I'tr.
ait.s\riorig 12 con-
titilloUrs rall. ()Ill\raill lenIlgtl. girin itlill. and 
riirliltle'l"t\
hotih lc\ls of starblit\ and ,woilrld 
he tuseftil aS etitIiai for idertil.inig probablh 
diiplc te,. 

Kappa statisti,s (K). i itneSit_ of agreellent. 
\5,is Lsed to ll.asule telistahilit\ lqualitatie arid 
Ci,.lCd itiarttiliti traits. Of' the I Litialitati c 

lr,,.d On the 1986-87 data. several potential 
nichinqit procedures IOr detecting probable dupli-
Cates h\ C been d Lsigned and wkill be stIbCqCentlv 
C\ alialed. 

(()\i't IIRI/\ll( ()II RI \ tIONS 

hit'rnatij, w/ZRice (wrmp/alxu ('eln/tcrnd siwis-
I"(',/4/)0tI 

T h IP Cxpanded itsinicrocolputer facilitv 
and associated stafl'Idurintheyear.Thel'ollowing 
cOniputcr-rclted tasks. pr,,'iouslv perf<ormcd by
Statistics I)cpar-tmcnt stall, nowarc routinelv 
undeLrtaken by IP,(iC stall: encoding of llorpIto
ago rotliC dlata. manaeme.111121nt oltllC sCCd ill\lltor 
s.stelll, g'Cl.eralilln of data sheets oil wNhich (ilt 
Seirllsts reqle.sting seed arc to rce'old s reening 
irstlts. ad it Ilormlation retrieval Iro the (iCrl
plasi I)atahaltk (through the (,t~-SQ I)S 
I)alabasc .ranauerieti .ystcin). 

In addition. allnyiVIG('-operations \,+Crcco<rn
putcl'i/d dririne the car the printing of ficd 
planting books, field chararcter/atotrl sheets, and 
re-icrntilicatitrn slicers. An inventory system for 
seed lots in the short-ter-m storcroon alsowas 

Table 3. Examples of morphologicall, similar pairs found after field verification. IRGC and Statistics Department, 1987. 

numlier Variety name 

1 15292 
15310 

Sinnanayarn 
Sinnakayan 

2 30070 Khaophei 
30146 "Lhnaned,, 

3 29996 Baroka 
30080 "rijrnpo Brondol 

4 40253 Fukuyuki 

36150 Fynzan 

Variety tjroup Country of origin Seed source 

Indica SriLanka Sri Lanka 
Indica SriLanka SriLanka 

Indica Laos Laos 
Indica Laos Laos 

Indica Indonesia Indonesia 
Indica Indonesia Indonesia 

Japonica Japan Philippines 
Japonica China USSR 

http:0h(1it.t1
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developed to facilitate inventory, seed distribution, 
processing of seed for medium- and long-tcrm 
storage, and discarding of old stocks. 

IRGC stafl began to catch up with backlog 
cholres stichf as tiheentry of da lr ionpast field 

collection 110sson,. A portion of the encoded data 

v,'as to andfurnished IIl( i R for consolidation 
testing.
 

Ahe IR( ICand tile .;at)slic, Departimcnt col-
laboratcd on dc cloping IIkR I FN. a program 
packagc to ctLIpteCri/C ltid lraCnlllllllCLerlmplaSmnl 
hank operations. iRkI(IFN is ex.pcctcd to hc 
completed in time for use as the training material 
for ;i10-wk course on Managcicl I'm 

Geietic Resources scheduled in the second Ljuarter 
of 1988. 

RI I RNO()I IRAI)IItONAI. RI(IS I 1ItF1 
Il III IINIS 

he'itn iWonal Rice (;'ltGitjplaslt ('enter 

A largc-scalc seed incrCasc ofl)hilippinc traditional 
lowland and upland Varietis was made during )S 
to produce Itcesh f' rCturil lhilippineseed to 
Cio',ernlllent acencies. I lie newl' established 
)hilipnine National Rice Research Institu te 

(IP+IRice) recci\cd 639 lo\ and \aricties and 647 
tipland \ariet ics f'or its research hase. Scvcnt-tw 
\aid ics pi'Viou.!y reComnCIrdCd h\ t lie Philip-

ile Seed hoard were also increased for li IlRice. 
Anot her set of 576 lowland \arietics in larger 
Suaitiics \ Ls ovcr tile PlIilippiMCtoIrued to 


I)cpa rtment of oLId and Agriculture, which in 

tlurn illocatcd the seeds to 4 reCtional experiment 


stations for Iurthelr seed Mcie:ise so that interested 

Philippine farmncrs may have access to the diflicult-

to-firld varieties of the past. Another group f 39 

upland rice varieties of known reputation was 

planted near year's end in response to the request of 


a number of Filipinos for certain traditional 
varieties that were well-known for their eating 
quality. 

I IHItNK \I \S.5I I \N(I I( NAI( INAI. (FNI:IRS 

hmt'rnatina/Rice (ern .%psCenter 

IR((' continued to advise and assistIle head 1Of 
rcnchanks in the areas of design, rcfrigera

hollt-hiMr 11)'1 r clipnle. and staff 
tniiiangcmICnt. Such assistance ,'asextended to the 
Imtitute of Crop eiermplasm Resources of tile 

'(Clit1 


Chinese Acade-y ol Agricultural Sciences, China 

National Rice Research Institute, and NBPG R in 
India. 

neatabase 


I\ 11 AI , IIONFRC1N I IR (Oi tIAB 

hternaiti'nalRice (irmpt!la.s/ (en'tr 

In recent yCis, the plaint genetic resources 
programs of the various international agricultural 
research nCtllers under the Consultatie C(itopOil 
International Agricultural Rescarich (CGIAR) 
system have been receiving greater attention frola 
sectors both inside and otitsie tilesyst.m. Focus 
has increased oin avallability of' and access to the 
germplasm conserved by the cetrs. Io. improve 
the overall effcct iieness of the conservation and 
management programs of the centers by sharing 
experiences and reviewing activities, the heads of 
genetic resources o1 the centers met twice during 
1987. lie first meeting was convened inRome by 

tlile Technical Advisor\ Committee of the CGIAR. 
The second meeting was attended by 10 centers. 
The participants developed guidelines to form an 
intercenter plant genetic resources working group 
that will meet periodically to sustain collaboration. 
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',rolloill)l. /'Arulc'ml 

IRRI. YiCid p, cntials of I0early- and medium-

IRRI sires. Ir 'stIpCrgranulesa \%cre dccp-plaeced 4 
d altler Irarsplanling at 29. 58. and 87 ktgN ha 
Iollmc d h\ pi lled 1iiCa i1q)lpdresscd d 11111L desired7 
.Lt ,l ,,tav.es. llntijne dates \\CrC Sla Cer hd0i 

In th ie 11\ ,cason ()S). ilediuni-nmaturingIR2 	 820-154-3-2-2-3 yielded the highest (8.0 t h11 
at the old site (Fig. I). At the hey. sit., earl\
nattLing 1135366-90-3-2-1-2 and nedi lln
maturing IR29723-143-3-2-1 yielded highest at 7.2 
and 7.9 t ha. respecti,,el.,. 

Farlt-maturing rices responded positively to 
In:reasilg N application at the new site. Mediun
maturing rices. except IR28224-3-2-3-2. responded 
posit iel\ to increasing N rates at both sites. 
I odging. particularl.\ at high N levels, lowered 
lelds of IR2 1820-154-3-2-2-3 at both sites. 

In the ,aci season (WS). vields were unstable 
hca~iuse of' pests and diseases. Early-maturing
 
IR35366-90-3-2- 1-2 gas c highest yield (5.8 t ha) at
 
the new site (Fig. 2). Yields of all rices hardly

exceeded 5.0t haat both sites. Generall, medium-

maturing rices responded negatively to higher N
rates.4 

iow yields in DS were due to sheath blight

(NIB)and sheath rot (ShR) infections, particularly 

at high N rates. InWS,tUngro (RTV) infestation, 

ShB, stein borer (SB), aid lodging were primarily
 
responsible for low yields.
 

Farmer's field. Maximum 
 yield in DS was 
7.5 t ha for mnedlium-maturing test cuiltivars anid 
6.3 t ha for early-maturing rices (Fig. 3). Medium
mat uring IR9723-143-3-2-1 gae the highest yield, 

as it has consistently done this site
at in most 
cropping seasons. Ihe early-niaturing rices gene
rally achieved maximuin yields with addition Of
118 kg N ha. Yields of niediun -maturing rices 
IR2X222-9-2-2-2-2 and 11R42 responded positselv 
to increasing N application while that of IR39323-
182-2-3-3-2 declined. Lo. yields of most rices wereibuted to ,B damage.

ittri 

In WS,the maximum yield was 6.2 t,ha from 
IR28228-12-3-I-1-2. Two other rices yielded 
6.0 t ha. Except for 1R36, yields declined with 

Grain yield (t/ha) Early 

8i-	 OldSd/.r s, 

'' r36
 
0 R3I-c-)-- -
0 fR32307-107-3~ 2-2 

j 
Medium 

6- - LSD0 

5 	 ',Rl 2o_,0-54--_2- 
0 P,224-3-2-3-2 -SO
 

0o
 

8 

7 

6 

52
 
9,R=2,22-9- -- 22-2
 

0 ,R3932-18-2-3-3-2
 
-


o 	 T j
29+30 58+30 87+30 29+30 58+30 87+30
+30 +30 +30 +30 +30 +30 

N applied (kg/hat 
. Rice \iIS a,allcced b Napplication rate in maximum 

kied trial IRRI.at2sites. 1987 DS. 
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Grain yield (t/ha) Ecrly
Grain yield (1/ha) Early 

8I 
7 -Old ste Ne site 	 Dry season Wetseason 

SVIR36 
T IR64 7 

.- OIR35366 90-32-- 2
 
0 R4199 - O 2-I- 5 

54 

4 * IR32307-107-3-2-2 935366 90 3-2-1<-0o IR35366-90-3-2-1-2 0 R41996 2 2-2-3
 
3 N IR36 N1936
 

C) IR64 [I IR66 

MediurMedium 

7 h 
0 5282 'S 

6 .F285-. -1-	 6 

- 0) ISDor, 

4 - LSo O,

_0 - 0 R21820-154-3-2-2-3 -0 IR21820-154-3-2-2-3
 

0 IR29723-143-3-2-1 0 R28224-3-2-3-2
 
L1 IR28224-3-2-3-2 0 IR28228-12-3-1-1-2
 

3
 

OFI8 

7-	 0 :R28222-9-2-2-2-2
 
" R39323-182-2-3-3-2
 

7 V IR423-20-3-2-2 

C R21820-154-3-2-2-3 

60R42 

6 

5
5 

-0 

44 
4  4 0 19IR?33043-46-\13 

V 1932453-20-3-2-2 
V 1R42 

3 3 LL I I 

of I I L w . 29+30 58+30 87+30 29+30 5e+30 87+30 
29+30 58+30 87+30 29+30 58+30 87+30 +30 +30 -30 

N rote (kg/h)N apphed (kg/ha) 
3. Yields of rices as affected hy N application rate in the 

2 Rice jelds as alleced h. N application rate in maximum maximum yield trial in a farmer's field. Talavera, Nueva Ecija, 
\tcd trial at 2 sitcs. I R RI. 1987 WS. Philippines, 1987. 
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Table 1. Grain yield of hybrid rices, their high-yielding parents, and IR64 at 5 N levels. IR'II, 1987 DS.
 
Duration Grain yielda (t/ha)
 

(d) 0 N 60 N 90 N 120 N 150 N 

1R54752A/1R29723.143.3.2-!R 133 4.3 bc 5.2 c. 5.8 ab 5.8 c 6.2 a
 
IR29723.143.3-2-1.9 133 5.4 a 
 6.2 a 6.1 a 6.5 ab 6.1 a
 
IR54752A/IR54R 128 4.9ab 5.5 bc 5.7ab 5.9 bc 6.2a
 
IR54R 125 4.1 c 5.8abc 5.2 b 4.8 d 5.0 bc 
IR54752A/IR46R 128 4.3 bc 5.5 bc 5.6 ab 6.8 a 5.6 ab 
IR46R 125 4.3 bc 6.0 ab 5.3 b 6.0 bc 4.7 c 
IR54752B 128 4.3 bc 5.3 c 5.5 ab 5.6 c 5.2 bc 
IR64b (check) 118 2.7 d 4.0 d 4.3 c 4.4 d 3.9 d 

aCV = 11%, LSD (0.05) = 0.6 t/ha. bpartly affected by rice tungro virus. 

increase in applied N. Lodging was common in all IR54752A/ ARC 113-5-3 yielded highest at 6.6 t/ha 
rices. (Table 2). This was significantly lower than the 

yield of the highest-yielding (7.9 t/ha) check 
IR32307-107-3-2-2, named IR66 by the Philippine

I1ll ) l l RICE Seed Board. Yields of hybrids were below those ofR -OR ANCF 01: HYBIRII) 

I't,,r fo).1. eIpartmInti check rices partly because hybrids had sterility 
ranging from 9 to 85%. 

IRRI. In 1987 DS, three hybrid rices were In WS, only three hybrids earlier tested were 
compared with their parents and with check variety retained. Eight new hybrids were included to 
IR64 at varying N leveis. I1R64 was slightly affected compare with four check varieties and nine 
by RTV. Without N, yield of IR29723-143-3-2-1 R breeding lines developed by IRRI and the Philip
was significantly higher than that of its hybrid pine Bureau of Plant Industry (BPI) (fable 3). N 
IR54752A:IR29723-143-3-2-IR (Table I). At was reduced io 90 kg/ ha while P and K remained 
intermediate N rate (60-90 kg N/ha), yields of 
hybrids and parents were similar, indicating needhybidsoa hdpreent were similar, incang id Table 2. Yields of hybrid rices and chock cultivars. Malito improve the prcsnt F, stock. Among hybrids, gaya Rice Research and Training Center, Mufioz, Nueva 
IR54752A lIR46R had the must sterile plants (9%). Ecija, Philippines, 1987 DS.
 

In W S, yields f two early-maturing and five -_GrainSterile___ 2
Grain_ _ Sterile_ __ _hills/S_ _ _m 
medium-maturing hybrids at five N rates were Cultivar yielda 

compared with those of their high-yielding It/ha) no. % 
parents and checks. Since all hybrids, except for IRf4752A/1R46R 5.1 41 33 
IR46830A/ lIZ9761-19-1 R, and their parents were IR54752A/ARC113-5-3 6.6 12 9 
affected by virus diseases such as RTV and ShR, IR54752A/IR29723.143.3-2-1 5.2 31 25 
yields are not presented. IR54752A/IR27315-145-1 3.8 54 43 

IR54752A/IR54R 5.4 40Yields of early-maturing hybrids were similar to 32IR54752A/IR2797-105-2 2.6 75 60 
those of checks IR66 and IR35366-90-3-2-1-2. IR54752A/IR13419.113.1 3.5 64 51 
Medium-maturing hybrid yields equaled those of IR54752A/1R32841-461 0.5 106 85 

IR64 7.4 - checks 1132453-20-3-2-2 and IR28150-84-3-3-2. IR54 7.2 - -
Increasing N rate did not increase yield returns. IR32307-107-3-2.2 (IR66) 7.9 - -
Sterility of the hybrids ranged from 3to 17% across IR28150.84-3-3.2 7.1 - 

all N levels. LSD (0.05) 1.4 18 
CV 1%) 15 30Maligaya. In DS, yields of eight IR Ri-developed a 

hybrids were compared with those of four IRRI- Av of 3 replications. For each cultivar, N was 150 kg/ha,
2/3 basal broadcast and incorporated (B&I) + 1/3 top.developed rices in Nueva Ecija. NPK was applied dressed at 5-7 d before panicle initiation (DBPI). Pand K 

at 150-26-5(0 kg/ha. Among the hybrids, application rates were 26 and 50 kg/ha. 
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Table 3. Yields of hybrid rices and check cultivars. Maliga- N(g/m2 )at fowermg 
ya Rice Research and Training Center, Mulioz, Nueva 
Ecija, Philippines, 1987 WS. 10 

Grain Sterile hills/ 
Cultivar yielda 5 m2 9 

(t/ha) 00 

-	 aIR46830A/IR9761-19-1 4.9 0 

IR54752A/IR64R 3.2 45 36 
IR54752A/IR46R 5.0 18 14 oT_ -- _ 

IR54752A/IR29723-143-3-2.1R 4.0 10 8 
IR54752A/I R54R 5.0 6 5 N(g/m2 )ot late spikelet initiation 
IR46830A/IR50R 4.6 0 - 9 
IR54752A/IR28178-70-2-3 4.6 15 12 V 
IR54752A/IR21916-128-2.2R 3.7 20 16 a 
IR54752A/IR25912.63-2-2 2.1 77 62 8 V 
IR54752A/IR2951 2-81.2.1 R 3.0 49 39 
IR54752A/IR 193S2-211-1R 4.3 27 22 V VF 
IR64 (check) 5.2 0 - a k 
IR66 (check) 	 5.0 0 

64.6 0 -IR54 (check) 
IR28150-84-3-3.2 (check) 4.2 0 - 0,
 
IR29723-143-3-2-1 4.4 0 - 0 110 120 130
 
IR 28228-12-3-1-1-2 4.8 0 - Growth duration (d)
 
R32453.20-3.2-2 4.3 0 

IR35366-90-3-2-1-2 5.2 0 - 4. Relationship between growth duration and amount of N in
 
IR41993-131-2-3.1 4.7 0 - the plant. IRRI, 1987.
 
MRC19011-446 4.0 0 
MRC20391-1631 3.9 0 
MRC12379.927-1 5.2 0 
MRC7849-584 4.9 0 - at 3 wk after transplanting (WT) than at 5 WT
 

LSD (0.05) 	 1.6 14 (Table 4). After 5 WT, N absorption wa; limited by 
CV (% 16 57 the mineralization of soil organic N. Likewise, no 

aAv of 3 replications. For each cultivar, N was 90 kg/ha, differences in N absorption were noted from 
2/3 basal B&I + 1/3 topdressed at 5-7 DBPI. Pand K ap- topdressed N at the panicle primordia initiation 
plication rates were at 26 and 50 kg/ha, 	 stage. Hence, F, hybrids have better N absorption 

ability at tillering than do parents of the same 
at 26-50. IR64, IR35366-90-3-2-l-2, and growth duration. 
MRC12379-927-1 yielded highest at 5.2 t/ha. Yield and yield compoitents. Yield and yield 
Several hybrids yielded comparably with the components reflect N absorption. For entries with 
highest-yielding check cultivars. Significantly, 2 the same growth duration, F, hybrids gave higher 
hybrids were completely fertile, while sterility of grain yield than did their parents (Table 5). 
others ranged from 5 to 62%. Although there was no definite pattern of dif

ferences on percentage of ripened grains between 
F, hybrids and their parents, sink size was greater 

RESIPONSE OF HYI31RID RICE TO NITROGEN in F, hybrids (Table 5). This is attributed to higher 

Plant Physiolog, Department 	 N absorbed before the late stage of spikelet 
initiation (Fig. 4). 

A 1986 WS experiment at IRRI using 6 combina- Potential sink size of F, hybrids was higher than 
tions of F, hybrids with parents and 2 check that of their parents, despite the high spikelet 
varieties evaluated response to 60 and 90 kg N/ha degeneration (sink degeneration) (Table 5). This 
with and without topdressing. can be explained by their low absorbed N1:N2 ratio 

Nitrogen absorption pattern. During growth, F, compared with their parents, where N Iand N2 are 
hybrids absorbed more N than did their parents amounts of N absorbed before and after late stage 
(Fig. 4). Differences in N absorption were greater of spikelet initiation. 

http:IR54752A/IR21916-128-2.2R
http:IR54752A/IR29723-143-3-2.1R
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Table 4. Nitrogen absorption by F1 hybrids and parents.a IRRI, 1987. 

Entry 
Growth 
duration 3 WTc 

N absorbedb (g/m2 ) 

5 WT Late Flowering Maturity 
Nitrogen 
harvest 

(d) spikelet
initiation index 

F IdE 
IR46830A/IR9761-19-1R 104 2.05 6.82 7.11 8.69 9.77 64.8 
IR46830B 
1R9761-19-1R 

102 
108 

1.52 
1.67 

6.21 
6.40 

6.31 
7.06 

8.22 
8.38 

9.43 
9.41 

60.7 
63.9 

IR46830A/IR13292.5-3 108 2.34 7.08 7.86 9.25 10.30 67.0 
IR46830B 
IR13292.5.3 

102 
135 

1.52 
1.51 

6.21 
6.21 

6.31 
8.57 

8.22 
9.30 

9.43 
10.37 

60.7 
58.2 

1R54752A/IR29512-81-2.1 125 2.26 6.84 8.96 10.17 11.10 65.4 
IR547528 
1q29512-5-3 

125 
128 

1.55 
1.69 

5.69 
5.76 

7.43 
7.86 

8.27 
8.74 

9.38 
9.79 

64.6 
64.6 

IR64 (check) 112 1./2 6.10 7.20 8.19 9.21 65.3 
IR28150-84-3-3-2 (check) 120 1.59 6.10 8.19 8.90 9.88 64.0 

Field M 
IR 46828 A/I R 13524.21.2-3-3.2-2 
1R 13524.21-2-3-3-2-2 

123 
115 

-
-

6.38 
5.61 

7.38 
6.96 

7.95 
7.64 

9.26 
8.84 

67.4 
64.8 

IR54752A/IR54R 125 - 6.49 8.28 9.15 9.57 63.9 
IR54752B 
IR54R 

125 
123 

-
-

5.49 
5.10 

7.43 
7.04 

8.27 
7.94 

9.38 
8.66 

65.6 
62.5 

IR54752A/I R 19392.211-1 
1R 19392.211 -1 

125 
125 

-
-

6.20 
5.34 

8.20 
7.31 

9.10 
8.21 

10.63 
9.21 

67.3 
67.4 

IR54 (check) 112 - 5.60 6.82 7.80 8.80 63.2 
IR28150-84.3-3-2 (check) 120 - 4.81 7.13 8.09 9.03 62.6 
aN applied to each field was at 60 kg/ha, bWT = weeks after transplanting. CThe dash (-(indicates no data were taken. 

Table 5. Yield and yield components of F1 hybrids and parents.a IRRI, 1987. 
Growth Sink Potential Percent Ripened Yield Lodgingb

Entry duration (g/m 2 ( sink degeneration grains (g/m 2 ) 
M (%)(d) (g/m2 (%M 

Field E
1R46830A/IR9761-19-1R 104 743 1010 26.4 77 571 0 
IH46830B 
 102 670 877 23.6 75 503 0
 
1R9761-19-1 R 108 
 694 987 32.1 82 567 0
 
1R46830A/I R 13292-5-3 108 850 1087 21.8 75 638 0
 
IR46830B 
 102 670 877 23.6 75 503 0
 
1 R 13292-5.3 135 883 
 1290 31.7 565
64 27 
1R54752A/ R 29512-81-2-1 125 779 1250 37.7 81 632 90
 
IR54752B 125 
 689 1033 33.? 86 591 87 
IR29512.5-3 128 810 127 33.5 75 605 80 
IR64 (check) 112 760 982 22.6 87 659 80

IR28150-843-3.2 (check) 788120 1022 22.9 74 584 67 

Field M 
IR46828A/l R 13524-21-2-3-3-2.2 123 642 929 30.6 87 b56 0 
IR3524-21-2-3 3-2-2 115 601 790 23.9 93 560 0 
IR54752A/IR54R 125 695 1110 37.5 71 495 57
IR54752B 
 125 543 790 31.3 81 440 0 
IR54R 123 629 877 28.3 69 435 53
 
'R54752A/IR19392-211-1 125 920 
 1369 32.8 619
67 30

1R19392-211-1 125 638 952 28.2 76 519 0 
IR64 (check) 112 551 730 24.5 90 495 0 
IR28150-84-3-3-2 (check) 120 541 686 21.2 85 460 0 
aN applied to each field was at 60 kg/ha. bOccurred at maturity. 
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Nitrogen harvest index was higher in F, hybrids 15, 25 X 15, and 20 X 15 cm) and 5 N levels (0, 80, 
'Table 4) because of their higher N absorption 150, 230, and 300 kg/ha) in a replicated field trial 
,hilit\ -t early growth stages. using the split-split plot design. Observations were 

recorded on yield (100 plants/plot converted into 
I 1-11 (A M1 PLAN [ I)FNSIY AND NITROGEN t/ha), total dry matter, grain dry matter, harvest 
I I V I I I )S ) -, IIIRIIDS AND II:I index, panicle number per hill (6 hills/ plot), spikelet
1\ItII1) (I II'. \RS number per hill (3 hills/ plot), ripening ratio 

lt th''vctlb, I)epartn'ni (percentage of grains showing speciflc gravity 
above 1.0 out of total grain harvested from 3 

Three F, rice hybrids developed collaboratively by hillsiplot), and 1,000-grain weight. Results are 
IRRi and Korean scientists were evaluated with 3 given in the section on Cooperative Country 
elite inbred ciiltivar; under 3 plant densities (30 X Projects. 

Groin yield (t/ho)-- 112d 112-116 d 	 d J16-121 

6 -I 

5 

' 0 IR4;985-111-3-2-2 V I1q2068-22-3-3-1-3

I R4l993-131-2-3-1-2-3 
 V R32429-1&:3-1-2V- 1R41996--2-2-2-3 ( IR64 0 IR35366-62-1-2-2-3 
L IR4996-50-3-1-3 0 IR31860-64-2-3-3-3 V 0 IR35366- 90-3-2-1-2 
o 	 142000-21l-1-2-2-3 V IR32429-47-3-2-2 V IR20 

V 1R3I429-I7I3-2- I II2 I I 

130 J 73J0-;3.5 d 	 135 d 

6-L 	 1;R32809-26-3-3 

.- VV 

0 1R28-22-92-2-2- I iRIR3536-28--1-2-

IRB 

3 

0 IR28222-9-2-2-2-2 IR42 	 V 1R35366-28-3-1-2-2
V IR28224-3-2-3-2 0 IR39323-182-2-3-3-2
 

2 0 I SR28228-12-3-1-l-2 
 V IR40720-TZ-1-2 
V R28228-119-2-3-1-1 

a IR3.453-20-3-2-2 

I I I I I I I I I I I I 

0 60 90 120 150 0 60 90 120 1500 60 90 120 150 
N rote (kg/ha) 

5. Yields ol rices at 5 N rates. IRRI. 1987 I)S. 
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YIELD PERFORMANCE AND NITROGEN RESPONSE IRRL Without N fertilizer in DS, promising 
OF VARIETIES AND BREEDING LINES line IR28224-3-2-3-2 and experimental lines 
Agronomy' Department IRI20228 - 119-2-3-1-1 and IR28222-9-2-2-2-2 

yielded about 4.0 t/ha while IR35366-90-3-2-1-2 
Irrigated rice. Yields of promising lines were yielded highest with 4.2t/ha(Fig. 5). The same line 
compared with those of check varieties at difierent together with IR28228-12-3-1-1-2, IR 32809-26-3-
N rates at IRRI; at BPI research statico is in Nueva 3, and IR40720-72-1-2 responded best to 60 kg 
Ecija, Bicol, and Iloilo; and in a farmer's field. N N/ha application. Increasing N rate for these rices, 
rates were hiTher in DS than WS. however, did not further improve yield. 

Grain yield (t/ho) 

704 -06d 108 -1o1d 770-18d 
[I IR20 

* 
5 I IR64 ; 

t -SD( o o5) 

4 

3 

2-
O IR42068-22-3-3-1-3 [I IR36 
2 :R42000-211-1-2-2-3 P 1R31868-64-2--3-3-3 V 1R35366-28-3-1-2-2 
V R41996-50-2-1-3 V IR32429-47-3-2-2 Y 1R35366-62-1-2-2-3 
V IR41965-111-3-2-2 IR41996-12-2-2-3 0 11135366-90-3-2-1-2 

724 -127 d 127-730 d 38-4 d 

5 

4 

'ReI42 
V IR33043-46-1-3 

VR33059-26-2-2 
0 Pato 

2 0 
2 

IR28224-3-.-3-2 
P28228-12-3-1-1-2 

-- 1 ,R29723-.S-2-3-3 
UIR32453-20-3-2-2 

V 
T 

IR32809-26-3-3 
IR37873-16-2-3-3-3-1 

V 
T 

IR40720-72-1-2 
IR41993-131-2-3-1-2-3 

1 
0 

0 IR39323-182-2-3-3-2 

I I I 
30 60 90 

I.j 
120 

I 
0 

0 IR42029-38-1-3-3-2 
I I I 
30 60 90 

I! 
120 0 30 60 

I 
90 

I 
120 

N rote (kg/ho) 

6. Yields of rices at 5 N rates. IRRI, 1987 WS. 
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Of 27 test rices, yields of only nine entries Groin yield (t/ha)

(I R37873-16-2-3-3-3-I, IR32429-122-3-1-2, /rrated Ranfed
 
1R32429-47-3-2-2, IR42000-211-1-2-2-3, IR41985- 6
 
111-3-2-2, IR41996-12-2-2-3, IR28222-9-2-2-2-2,
 

LSD(O!R28224-3-2-3-2, and IR64) increased at the highest 

N level. Yields of other test rices declined or le\eled
 
off with highest N. RTV caused low yields in IR8, 5- ,
 
IRL0, and IR42. RTV and ShR severely damaged
 
lPeta.
 

In WS, rices maturing in 104-120 d on plots 4 

withou' applied Nyielded 3.0 t/ ha or lower, except
 
IR36. lI 35360-90-3-2- 1-2, and IR35366-28-3- 1-2
2 (Fig. 6). On the other hand, yields of rices
 
maturing in 124-145 d were between 3.0 and 4.0 3
t" ha, except for IR39323-182-2-3-3-2 and RTV- l 0R6 0 42AR64
 
damaged 1R41993-131-2-3-1-2-3, IR8, IR42, and 
 LS(o 00 5) 0 R28224-3-2-3-2Peta. At 30 kg N ha, highest yield (4.2 t/ha) was 0 R2P8-12-3-1-1-2 

V IR32453-20 -3- 2-2recorded with 1R33059-26-2-2. The same line 
2h 

V R35366-90-3-2-1-2 
yielded 5.0 tr'ha at 90 N. Another line, IR32809-26- T__j I I I I I I 

0 40 80 120 0 40 80 1203-3. also yielded 5.0 tha but at 120 N. Three

varieties and eight brceeding lines did not obtain Nrote (kg/ho)
7. Yield of rices at 4 N rates in irrigated and rainfed farmers'their maximum yields even at the highest N rate. fields. Cabuyao, Laguna, Philippines, 1987 WS. 
Yield of other test rices declined or leveled off at 
120 N. RTV damaged IR 8, 1R42, 1R64, I1R31868
64-2-3-3-3, 1R41993-131-2-3-1-2-3, and Peta, and In WS, promising 
 line 1R35366-90-3-2-1-2
appeared in some !IR32429-47-3-2-2 plots, yielded highest (Fig. 7). Withot applied N, it 

Farmer.,ield. Without N application in DS, yielded 5.1 t/ha, 1R28224-3-2-3-2 yielded 5.3 t/ha,
IR2224-3-2-3-2 yielded 5.3 t/ha while early- and two lines yielded 4.5 t,' ha. RTV caused low 

maturing IR35366-90-3-2-l-2 gave 5.0 t ha (Table yields of 1R42 and IR64. RTV and ShR severely
6). The same lines yielded highest at 100 kg N/ha affected IR8. 
with 6.6 and 6.7 t/ha. Medium-maturing IR42and BPI stations. At the Maligava Rice Research 
IR32453-20-3-2-2 suffered from later water stress. and Training Center (MRRTC) in Nueva Ecija in 
RTV caused low yield in IR42. DS, IR36 yielded highest at 7.1 t/ha (Fig. 8). 

Optimum N application for rices maturing in 106
112 d and in 132-145 d was between 90 and 120 kg 

Table 6. Yields of IR varieties and promising breeding N/ha. Rices matur.ing in 120-125 d appeared to 
lin.s at 4 N levels (0-150 kg N/ha) in an irrigated farmer's need a N rate of 150 kg/ha. Without applied N,
field. Cabuyao, Laguna, Philippines, 1986 DS. IR8, 1R42, and IR35366-90-3-2-1-2 yielded at least 

Duration Grain yielda (t/ha) 4.0 t/ha. The traditional variety Peta responded
Variety or line (d) negatively to N and produced lowest yields. SB 

No N 50 100 150 damaged rices, hence the erratic N response. 

IR36 	 111 3.1 4.0 4.4 5.3 In WS, highest yields among test rices were less 
IR42b 
IR64 	

134 2.5 3.2 3.3 3.8 than 6.0 t/ha (Fig. 9). Without N, many cultivars
111 4.0 5.0 5.4 5.5 produced at least 4.0 t/ha and IR28228-12-3-1-1-2 

IR28224-3.2-3-2 	 123 5.3 5.8 6.6 6.3
IR32453-20-3-2-2 	 134 4.1 3.4 4.4 4.0 yielded 	5.0 t/ha. As in DS, Peta yielded lowest 
IR35366-90.3.2.1-2 111 5.0 6.2 6.7 6.6 when N was applied. Severe lodging and bacterial
IR41993-131-2-3-1 108 2.8 3.7 4.4 4.2 blight infection lowered yields. 
aAv of 3 replications. CV = 8%. LSD (0.05) = 0.6 t/ha.bAffected by tungro. 	 In Bicol during DS, RTV lowered yields oflR8,IR42, and IR64. Water shortage for 2 wk in March 
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1O6-112 d 120-125 d 132-145 d
 
Grain yield (/ho)
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1R20
 

0 R36 0 :R28228-12-3-1-1-2
 
o R64 1 IR32809-28-3-3 
o rR41993-131-2-3-1-2-3 

O R8IR42 

R32453-20-3-2-2 
aIR33059-26-2-2 

V R39323-182-2-3-3-2 
Peto
 

0 1 1 1 
0 60 120 180 

Nrate ('g/ho) 

7

6 

5 

4 

0 :R28224-3-2-3-2
 
0 1R4 996-12-2-3-3 / 77 R3536G-90-3-2-1-2
 ~R2196-50-2-1-3 7V1137873-16-2-3-3-3-1
 

V1142068-23-3-3-1-3 

2 

I I I I 1I0I1-
0 60 120 180 0 60 120 180
 

N rate (kg/ha)
 

8. Yields olrices at 4 N rates. Maligaya Rice Research and Traii:;ing Center (MRRTC), Nucv. Ecija, Philippines, 1987 DS. 
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Grain yield (t/ho) 

7 
102-109 d 117-122 d 122-133 d 

* IR36 
0 IR64 

6 0 IR4196-12-2-3-3 
o IR41996-50-2-1-3 LSD(o051 

Y IR42000-211-1-2-2-3 
IR42068-22-3-3-1-3 

4 

0 0R42 

0 0R29723' 
-8-2-3-3 

V5 1R32609-23-3-3 

I0 IR20V 
IR 82 ----

0n 11329723-138-2-3IR33043-46-1-3 
IR42029-38-1-3-3-2 
Pete 

2 0 IR8 2[2---

0 -9-32I1- IR3I36 

0 30 60 90 120 150 0 30 60 90 120 150 0 30 60 90 120 150 

N rate (kg/ha) 

9. Nitld, l I C,il &" raWte,.M RRTC.Ntc a [~cija. I'hilippinc,. 1987 WS. 

affected yields of most early-maturing rices (Fig. 
10). Five rices yielded 6.0 t ha or more. IR32809-
26-3-3 gave the highest yield of 7.2 t,ha at 150 kg 
N: ha. Test rices performed well at zero N,with 
IR28224-3-2-3-2 and IR28228-12-3-1-1-2 yielding 
4.5 t ha or more. As at MRRTC, Pela was 
outyielded 	by modern rices at all N levels, 

In WS,1R32453-20-3-2-2 and IR32809-26-3-3, 
tile
same cultivars that produced the highest yields 
in DS. yielded more than 6.0 t/ha at 60 kg N, ha 
(Fig. II). IR29723-88-2-3-3 outyielded the rest at 
zero fertilizer N. N application decreased Peta 
yields. 

In Iloilo in DS, yield:s of early-matwring rices 
(105-110 d) were generally higher than those of 
rices harvested later (Fig. 12). Lack of irrigation 
water reduced yields as in the previous )S. Late
maturing rices greatly suffered during the repro-
ductive phase. IR41996-50-2-1-3 yielded 6.0 tiha. 

During WS, the Visavas climate favored rice 
growth. Yields were higher than at Maligaya and in 
Bicol(Fig. 13).Ten rices prodaced 5.0 t/ha or more 
even without N application. 1R32809-26-3-3 was 

outstanding with or without N, yielding 5.8 t/ha at 
zero N and 7.4 t iha at 60 kg N/ha. Optimum N 
rate for most rices was between 60 and 90 kg N/ ha. 
Beyond 90 kg NIha, yields declined. As observed at 
othet stations, Peta, susceptible to lodging when 
supplied with N, was outyielded by modern rices at 
all N levIs. 

Rainfed rice. July-September drought delayed 
planting at IRRI. In the rainfed farmer's field, 
IR35366-90-3-2-l-2 yielded highest (Fig. 7) as it 
had in the irrigated. It produced 5.2 t/ ha without N 
fertilizer. Three other lines yielded more than 
4.0 t,,ha at zero N. As in the irrigated field, IR42, 
1R64, and IR46 were affected by RTV, and yielded 
poorly. 

l-\ Al tATI)N OF ELITE LINFS FOR HI(H YIELD 
I()TiNI Ial. 
Plat Physiologr Depariment 

In 1987 I)S, we began evaluation of elite lines 
provided by the Plant Breeding Department. The 
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101-1l3o 115-132 d 132-150 d
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1). Yield, of ricsat 4 N rates. Ilicol EIxpeunmcni Station. Pili. ('miarines Sur. Philippines, 1987 DS. 
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Groin yield (t/ho) 
7 

701-7/1 d 171-124d 125-139d 

6 

5 

4 

3 LSD(o o 5 

0 IR36 0 IR8 0 IR42 
0 IR64 0 IR20 0 IR32463-20-3-2-2 

2 0 
(I 

IR41996-12-2-3-3 
IR41996-50-2-1-3 

M IR28224-3-2-3-2 
0 IR28228-12-3-1-1-2 

M 1R32809-26-3-3 
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T IR42000-211-1-2-2-3 V IR29723-88-2-3-3 V IR42029-38-1-3-3-2 
V IR42068-22-3-3-1-3 V IR35366-90-3-2-1-2 V Petn 

1 _ _ _ _ _ _1 _ _ _1 _1 _ 1 _1 I I 1 1 

0 30 60 90 120 150 0 30 60 90 120 150 0 30 60 90 120 150 

N rote (kg/ho) 

II. Yields of rices at 6 N rates. licol Experiment Station, Pili, Camarines Sur, Philippines, 1987 WS. 

objective is to identify and record traits associated spaced at 20 X 10 cm, and fertilized with 100-40
with high yield potential (HYP). 0 kg NPK/ha applied basally with 50 kg N/ha 

Photosvnthetic efficiency (/% EJ, crop growth topdressed at panicle initiation (PI). IR64 early 
rate (CG R), and leafarea index (LAI) were among and late lines were selected by the difference in 
the plant characters compared for elite lines and seedling vigor. 
promising varieties. Cullivars almost similar in Table 7 summarizes the total dry weight, grain 
plant type. age 15 d, were transplanted on 8 .Jan, yield, and yield components of the seven elite lines 

Table 7. Growth, grain yield, and yield components of some elite lines and cultivars a IRRI, 1987 DS. 

Growth Total Grain yield Filled 1000-
Variety or line duration dry vwqight (t/ha) (no.Im ) (thousand/m grains grain 

(d) (g/m') at 14% moisture (us) weight (13) 

IR58 110 1560 6.6 603 34 79.2 21.5 

IR32307.1-7-3-2-2 119 1760 8.8 621 43 86.8 21.1 
IR64 early 120 1740 8.3 541 35 87.5 24.2 
IR64 late 124 1685 8.0 541 34 85.0 24.6 
IR64 PB 124 1655 8.0 611 37 86.7 23.9 
IR28224-3-2-3-2 131 1850 7.6 423 36 69.4 27.5 
IR21820-154-3-2-2-3 131 1975 9.5 619 46 87.5 20.7 
IR28228-12-3-1-1-2 131 1873 8.2 602 44 83.9 19.7 
Suweon 332 132 1825 8.2 448 37 82.9 22.8 
tR29723-143-3-2-1 132 2076 9.6 512 43 86.0 23.3 

aSown 24 Dec 1986, transplanted 8 Jan 1987 at 20. X 10-cm spacing. 
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105-110 d 119-124 d 119-124 d 
Grain veld (/ho) 
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12. Yie'lds I rices at 4 N rates. Visa.Is Ricc lixp,.ri ,ltelStation. Iloilo, Philippines. 1987 )S. 



CENETIC EVAI LAION ANt) UTILIZATION K(;Ii) PROGRAM 21 

Grain yield (t/ha) 
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Visavys Rice I-xpcinrient Stilion, Iloilo, Philippines. 1987 WS. 

IR58, lR64 P13 (Plant 
IBreeding),and Suweon 332, a high-vielding indica-
japonica rice from Korea. Six of the seven clite 
lines surpassed the three established varietics in 
total dry weight and grain yield. Of the early lines, 
IR32307-1-7-3-2-2 yielded best. Among the late 
maturers, IR21820-154-3-2-2-3 and IR29723-143-
3-2-1 yielded best. Between IR64 P13 and lI164 
physiology variants (carly and late) characters 
diflered little in )S in contrast to 1986 WS, 
suggesting a seasonal effIrct. 

The best yields were generally associated with 
high spikelet number (above 42,000), relatively 
good grain filling percentage (>85%), and medium 
si/e grain (above 21 mg). These components can 
serve as benchmarks in evaluating HYP of future 
cultivars. 

Late-maturing lines showed higher maximum 
C(iRs, obtained at heading time, than those of 
earlier rice cultivars under solar radiation and 
mean temperature regimes ranging from 416 to 564 

cali cm 2 per day and 24.3 to 27.0 'C (Table 8). In 
spite of rclatively high lAIs (6-9.5), the tested 
cultivars showed comparable photosynthetic 
efficiency. 

In the tropics, 2.5% E,, is considered highly 
acceptable. Although Suweon 332 had the highest 
CGR and %;iE,,around heading. its modest grain 
yield suggests that further evalution is needed, 
especially of the physiological processes in the 
preheading and postheading stages and the in
fluence of season on yield determinants during 
these stages. 

VARIFTAI. I)IFFERENCFS IN SOIl. NITROGEN 
III ILIZA'FION 

Agronomy Delartment 

Collaborative studies with the University of 
California, Davis, USA, continued to test ways to 
identify cultivars and production technology that 
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Table 8. Maximum crop growth rate (CGR) of some elite lines and cultivars and prevailing conditions.a IRRI, 1987 DS. 

Growth 	 Maximum Conditions in the periodVariety duration CGR Period Heading 
(d) 
 LAI % Eu T S 

IR58 	 110 26.0 14 Mar- 13 Mar 9.0 1.82 26.8 533 
28 Mar

IR64 early 120 28.4 19 Mar- 6.018 Mar 2.07 26.7 514 
6 AprIR64 PB 	 124 26.4 14 Feb- 17 Mar 6.4 2.38 24.3 416 

27 FebIR64 late 124 28.3 7 Mar- 18 Mar 7.7 2.12 26.0 500 
18 Mar

IR32307-107.3-2-2 119 27.8 3 Mar- 16 Mar 7.5 2.09 25.4 497 
18 MarIR28224-3-2.3-2 131 32.5 	 24 Feb- 9 Mar 8.5 2.01 24.8 480 

9 Mar
IR28228-12.3-1-1-2 131 32.5 20 Mar- 27 Mar 9.2 2.20 27.0 554 

27 MarIR21820-154-3-2-2-3 131 31.8 10 Mar- 20 Mar 7.7 2.43 26.4 490 
20 Mar

IR29723-143-3.2-1 132 33.6 20 Mar- 30 Mar 9.5 2.23 27.0 564 
30 Mar

Suweon 332 132 34.0 10 Mar- 19 Mar 7.5 2.63 26.3 485 
19 Mar 

aCGR = dry wt/m 2 per day, heading 10-20% of the tillers in a hill with panicles 1/3 to 1/2 already exserted, LAI = leaf 
area index, % Eu = photosynthetic efficiency, T = mean 0C,S = cal/cm2 per day. 

increase yield at lower costs. A ranking procedure 	 Table 9. Cumulative rankings of best-performing varieties 
was developed to evaluate N use efficiency of 	 and lings evaluated by 5 parameters in fertilized and nonfertilized plots and by 9 parameters in fertilized plots.varieties and lines treated with isotopically labeled IRRI, 1987.
 
fertilizer N and to compare that with data from
unfertilized 	 plots over six seasons on the IRRI Variety or line 5parameter 9parameterbfarm. 	 lranking ranking 

Ranking procedure. The following parameters 1982 DS and WS, 1983 DS.33 variatiesand lines 
were used in developing the ranking procedure for 	 IR15314-30-3-1-3 1 2eah nI1R15323-78-1-3-1
each variety and line: a) two yield parameters IR19672-140.2-3-2-2 

2
3 

4
3 

[grain yield (Y) and panicle weight (WP)], b) three IR21912-56.3-1-2.2 4 9 
N efficiency parameters (Y/Nj, WP/Nt, and IR22082-41-2 5 5 
DM/N, where DM is straw dry weight and Nt is IR42 6 1 
total N uptake), and c) for plots treated with 19831WS, 1984 DS and WS, 24 varieties and linesIR13429-150-3-2-1-2 1 1 
labeled-N, the additional parameters WI/N1, WP/ N, IR 18349-135-2-3-2-1 2 2 
DM/NI, and DM/N, where N, isN derived from IR21912-131-3-3-2-2 3 3 
fertilizer and N, is N from the soil. The value of IR21912-56-3-1-2-2 4 4I:R13540-56-3-2-1 5 5
each parameter was normalized by expressing it as 6 seasons, 12 varieties and lines 
a fraction of the mean for all varieties and lines in a IR15323-78.1-3-1 1 1 
given season and fertilizer treatment. The sums of IR42 6 2 
all normalized values were ranked with number IR18349-135-2-3.2-1 2 3 
one as the highest rank. IR21912-56-3-1-2-2 3 4 

Testing the 	 ranking system. Rankings were aGrain yield, grain yield/total N in plant, panicle we ight,
consistent ftrom season to season (Table 9). Most 	 panicle weight/total N in plant, total dry matter yield/total N in plant. bValues in ,plus panicle weight/fertilirankings were similar for fertilized and non- zer N, panicle weight/soil N, total dry matter yield/ 
fertilized plots. Growth duration affected the fertilizer N, total dry matter yield/soil N. 
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differences between rice varieties and lines. Early-
maturing rices (100 d) produced lower yields and 
;is had lower N use elliciency compared with 
medium- (110 d) and late-maturing (_120 d) 
varieties and lines. Hence, early-ma turing lines 
oltcn ranked low (Tablc 10). 

Correlations over Six seasons between lertili/cd 

and nofdertili/ed plot rankings based on five 
pitramntiul, and bet ,,cn five and nine paramiers 

%\crc:llIsignificant. validaiting the system, 
Applicahility of ;h, ranking system. To apply 

the systen, 12 xaricties ,tnd lines commonly used in 

6 ,,casols were2 ranked overall, by fcrtili,ed or 

n"iitfcrtili/cd group, and by )S or WS (Table I I). 

Table 10. Ranking of 24 varieties and lines based on 5 
parametersa for fertilized nd nonfertilized plots in 3 
seasons. IRRI, 1987. 

Ranking 

1983 wet 1984 dry 1984 wet 
season season season 

Variety or lire 
No 30 No 30 No 30 
N kg N N kg N N kg N 

100-d maturity 
IR8455-78-1-3-3 16 19 12 19 18 18 
IR8608-167-1-2 21 24 19 18 24 24 
IR9729-67-3 11 13 10 9 3 6 
IR9752-1-2-1 15 20 18 22 15 20 
1R19729-5-1-1-3-3 23 23 15 13 22 22 
tR15429-268-1-2-1 24 22 14 10 23 16 
IR19728-9-3.2-3-3 18 15 3 2 11 9 
IR 19735-2-.3-2-1 17 12 6 14 17 17 

11O.d maturity 
IR36 19 16 20 20 13 13 
IR50 22 20 23 17 12 12 
IR13429-150-3-2-1-2 1 1 1 1 1 1 
IR13427-40-2-3-3-3-3 20 18 24 23 16 23 
IR 13240-82-2-3-2-3-1 6 6 16 16 2 10 
IR25588-32-2 10 9 22 6 8 11 
1R18349-135-2-3-2-1 3 2 4 8 5 2 
IR21912-56-3-1-2-2 5 3 8 4 4 7 

120+-dmaturity 
1R13540-56-3-2-1 4 5 13 12 6 4 
IR21912-131-3-3-2-2 2 4 5 5 7 3 
IR26 8 14 20 24 21 21 
1R2863-38-1 14 10 17 21 20 15 
IR42 7 8 11 11 13 5 
IR8192-200-3.3-2-2 11 17 6 3 19 19 
tR 11248-148-3-2-3-3 9 7 9 15 10 14 
1R 15323-78-1-3-1 11 11 2 7 8 8 

aGrain yield, grain yield/total N in plant, panicle weight, 

panicle weight/total N in plant, total dry matter/total N 
in plant. 

The rices ranked conltcntly, particularly by 
season. IR15323-78-1-3-1 ranked first in three 
groupings, secold in one, and third in another 
(Table II). IRI 8349-135-2-3-2-1 ranked from I to 
4, 11(36 from 6 to 11, and 1142 from 5to 7. On the 
other hand, earl*y-naturing lR8455-78-1-3-3 
ranke:d 12th in Iour groups and II llt in another. 

Results suggest that N use efficicncy can he 
evaluated wit1bout using expensive isotopiCally 

labeled fertilizer. Varieties and lnes ranked well by 
this system can be uscd in breeding programs 
seeking to improve N use efficiency. 

VARITAI. )IFFT RFNCI-S IN RESPONSE 10 

N1TR( )(i EN 

tsoUh)gr' I)Delrime'ntI'/aU1II i 

Forty-five (1986 DS) and 62 (1986 WS and 1987 

)S) varieties and advanced lines grouped as very 
early (<]I10 d), early ( II1- 120 d), inedium ( 121-130 
d), )r late (>130 d) maturing were planted at 

I R Ri at 2 N levels, 0 and 90 kg/ ha (60 kg basal + 

30 kg topdresscd at panicle prinlordia initiation, to 
study varietal differences in response to N. 

Varietal differences in N absorption ability were 
observed Lip to the naximunI tiller numberstage in 

Table 11. Ranking of 12 varieties and lines by 5 crop pa

rametersa for 6 seasons (dry and wet), fertilized and non
fertilized groups. IRRI, 1987. 

Ranking 

6seasons 6 3seasons 
Variety or line seasons 

Nonfer- Fertil- overall Dry Wet 
tilized ized 

IR8455-78-1-3-3 12 12 12 12 11 
IR8729-67-3 6 3 4 7 2 
1R 19728.9-.3-2-3-3 8 9 8 8 9 

IR 19735-2-3-2-1 9 10 11 6 12 
IR36 10 6 9 11 6 
IR5O 11 8 10 10 10 
IR13240-82-2-3-2-3-1 4 11 7 9 5 
IR25588-32-2 7 5 5 3 8 
1R18349-135-2-3-2-1 3 1 2 4 1 

2 4 3 2 4 
IH42 5 7 6 5 7 
1R 15323-78.1-3-1 1 2 1 1 3 

IR21912-56-3-1-2-2 

aGrain yield, grain yield/total N in plant, panicle weight, 

panicle weight/total N in plant, total dry inatter/total N 
in plant. 
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both 1)S and WS. Thereafter, they were difficult to 
identify because the limiting fIactor in Nabsorption
from maxinULtufl tiller ntunlber to flowering stage is 
tile mineralization rate of soil organic N. 

The alllount of' N in plants at critical growth 
stages under the same cultural practice" was cor-
related with prowtlh duration in DS (r- 0.74**) 
and WS r- 0.90**). The amount of N in plants at 
1lowering was correlated with the anount of sink 
and yield in )S (r = 0.93**) and WS (i = 0.89**).Yield was gomerned by the amount of sink despite 
big differences in percentage of ripened grains
between D and WS (Fig. 14). Sink contributed 
more to yield in )S than in WS. 

The optimun growth1 duration for yield and sink 
was about 125 d in )S and \VS (Fig. 15), though 
slightly shorter for yield than for sink size. Growth 
duatonm was negatively co rre ated with thlie per-
centage of ripened grains in both l)S and WS, 
with r = -0.535** and r = -0.599** in 2 DSs. 
Opti Inl UIl growth1 (1 ration for ripening in WS was 
120 d (RI2 0.318**). 

The lower yield of very shon-duration varieties 
isexplained by the shortage of differentiated sink 
due to low N in plants at the late stage of spikelct
initiation and low contribution of N to amount of 
sink in plants at flowering. High positive correla-
tions of N absorption ability to yield. sink, N 
harvest index, and the contribution of N to sink 
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formation were likewise noted in short-duration 
lines (Table 12, 13). Therefore, the N absorption 
ability of plants at early growth stages is more 
important for short-duration varieties than for 
medium- and long-duration varieties. 

The lower yield of long-duration varieties was 
attributed to degenerated sink caused by longer
vegetative lag. Hence, the optimum growth dura
tion can be explained primarily by the duration of 
vegetative lag. 

0Th,'re were positive correlations between the 
yields of rice grown under high and low N in both 
DS (r= 0.67**, r 0.61**) and WS (r = 0.82**)and between the yields in DS and WS t both low 
N (r =O.56**, r =O.72**) and high N (r .55**, r 
= 0.74**) levels. 

Table 12. Correlation coefficients of N absorption abilitya 
vs yield, sink, N harvest index, and sink/N. IRRI, 1986-87. 

Growth duration (d) Yield Sink harvest Sink/N 
index 

104 0.74"* 0.85"* 0.81- 0.85-*0.72* 0.76** 0.42 0.52 
125-127 0.37 0.57 0.39 0.50
132-134 0.57 0.80" * 0.03 0.35 

N absorption ability = amount of N in plant at 3 wk
after transplanting (WT). 
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Table 13. Nitrogen absorption ability, yield, and sink size of very early varieties. IRRI, 1986 WS. 

VarietyN in plant g/ 
Varietyowering 

3 WT Flowering 

IR58 3.02 7.35 
IR28128-45-3.3.2 3.43 8.03 
IR39357.91-3-2-3 3.11 7.58 
IR39357-133.3.2.2-2 2.81 7.09 
IR39385-20-1-2-1.1 3.21 7.56 
IR39385-124-3-3.2.3 3.09 7.34 
IR39422-19.3-3-3.3 3.03 6.66 
IR39422-75-3-3-3-2 3.16 7.33 
IR39422.163-1-3-2-2 2.59 6.73 
IR41985-111-3.2.2 2.90 7.24 
IR41985.172.3-3-3 3.16 7.55 
IR41933-131-2-3-1 3.28 7.54 
IR41933-196.2-2-1 3.57 8.15 
IR25588-7-3.1 3.07 7.26 
1R25621-135-1.1 3.01 7.35 
IR29658.69.2.1-2 
IR29262-94.2-1-3 

3.85 
3.39 

8.09 
7.78 

1R29725-109.1-2-1 3.18 7.03 
IR32429-81-2-3-3 3.41 8.14 
IR32429-47.3.2-2 3.41 7.57 
IR32429-122-3-1-2 2.48 6.85 

PYI't'SIO(ICAI tfHARACIIFRISI('S 

Plant gsioloqy and ,AgroionoyI)('art,/lls 

Wet season fallow, nitrogen nutrition, and yields of 
cultivars with different growth durations (Plant 
Phlwsiologl). To evaluate interactions between 
cultivars with different durations ( 103-127 d)and N 
uptake, IR58, 1R64, and 1R29723-143-3-2-l were 
grown in DS at IRRI. Continuous cropping was 
compared with a receding WS fallow of 6 mo. All 

plots were fertilized with N applied split at 150 
kg/ ha and with 1)applied basal at 30 kg/ha. Plant 
density was 50 hills/m 2 and plot size 5 X 6 m. 
Heading was synchronized. 
Test cultivars had similar total N uptakc 

patterns. N uptake was markedly higher with wet 
fallow than with continuous cropping (Fig. 16). 
The improved N supply and absorption in wet 
fallow translated to higher total biomass produc-
tion (Table 14). However, only the short-duration 
varieties I R58 and 1I64 showed increased spikelet
number and yield with increased biomass. 
Although medium-duration IR29723-143-3-2-1 
showed increased biomass and slight increase in 
spikelet number, grain yield declined because of the 
marked decrease in ripening percentage with wet 
fallow. This underscores the greater potential of 

Yield Sink N 
2(g/m ) (g/m ) Sink/N harvest(index 

369 531 72.2 59.4 
354 61. 76.6 64.9 
383 557 73.5 58.8 
327 494 69.7 56.3 
365 528 69.8 62.7 
366 486 66.2 61.6 
375 468 70.3 62.4 
331 478 65.2 57.7 
333 428 63.6 54.3 
389 496 68.5 60.8 
383 534 70.7 59.4 
347 485 73.1 62.0 
394 596 64.5 63.5 
338 488 67.2 63.2 
337 504 68.6 58.0 
442 595 73.5 64.2
453 586 75.3 62.5 
384 496 70.6 62.2 
416 602 74.0 64.9 
432 579 76.4 64.0 
327 420 61.3 56.0 

Nuptake (g/m2 ) 

24I64 
 F
 

20 . R29723-143-3-2-1 F 
'R731433-1 C 

IR58 F,, 

VtP'Q0J64 C ,. 
12 , 
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_-- .. 
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oI I I I30 60 90 120 
Days after transplanting 

16. Total N uptake pattern of selected IR cultivars with 6 mo 
wet fallow (F) and continuously cropped (C)conditions. IRRI, 

1'87 DS. 

short-duration varieties to translate N supply and 
absorption into yield. 

It further shows that providing a fallow period 
can significantly increase yield. In the highly 
fertilized plots, fallow gave a higher N absorption 
rate throughout the growth stages. This means 

150 
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Table 14. Effect of 6 mo wet fallow versus continuous cropping on the yield and yield components of selected IR culi
vars.a IRRI, 1987 DS. 

Variety or line 

IR57 
IR64 
IR29723-143-3-2-1 

IR58 
IR64 
IR29723-143-3-2-1 

Growth Total Grain Grain 1000
durqtion

(d) biomassproduction yildgiIdm(g m = )(gm 
= 
)(% 

pikelets(hundred/m 2') filling) grainweight (g) 

103 1385 
Cropped 

660 36.1 81.8 22.4 
114 1385 600 27.8 89.9 24.4 
127 1845 790 38.5 86.8 23.5 

Fallow 
108 1570 680 41.8 75.7 21.6 
115 1660 660 34.8 80.8 23.6 
126 2010 720 39.0 79.5 23.2 

aTotal biomass production, grain yield, and 1000-grain weight were measured at 0% moisture. 

fallow treatment improves the available N supply 
and uptake, not only for initial growth but also 
throughout the growth stages, and that this avail-
able N is not compensated for by regular fertilizer 
application. Such higher N uptake throughout the 
growth stages needs investigation, 

Physiologicat aspects of increasing yields of 
short-duration varieties (P/ani Physiology). Four 
short--duration and medium-duration varieties (2 
panicle number type and 2 intermediate type) and 
one check variety were transplanted in 1986 WS 
and 1987 DS under 2 N levels (0 and 90 kg N/ha, 
i.e., 60 basal + 30 topdressed) and 3spacings (20 X 
10 cm, 20 X 20 cm, and 20 X 30 cm) to determine 
effects on yield, yield components, and N-use 
efficiency. 

Narrow spacing (20 X 10 cm) promoted N 
absorption at early growth stages, and enabled 
plants to reach the maximum tiller number stage 
earlier in both DS and WS, and in both short- and 
medium-duration varieties. The vegetative lag 
phase varied with spacing and variety as a function 
of growth duration. Narrow spacing lengthened 
the vegetative lag phase (Table 15, 16). 

Narrow spacing increased the amount of N in 
plant, yield, sink, potential sink, and degenerated 
sink in both short- and medium-duration varieties. 
Inciease in yield and sink due to narrow spacing 
was greater for the intermediate type than for 
panicle number type in short-duration varieties 
and likewise greater for short-duration than for 
medium-duration varieties. Narrow spacing in-
creased the contribution of N to sink formation in 

the short-duration variety, but not in the medium
duration (Table 16). This observation can be 
explained by the relationship between N absorption 
and growth patterns of plants. Short-duration 
plants grown under lower plant density have a very 
short or negative vegetative lag phase (Table 15). 
Hence, they can still absorb large amounts of N 
after panicle primordia initiation. The contribution 
of N to sink formation varies with plant growth 
stage. N absorbed after panicle primordia initiation 
contributes less to sink formation. On the other 
hand, long-duration varieties grown under higher 
plant density have a longer vegctative lag phase, 
which increases the degenerated sink. 

Higher sink and yield were obtained in the 
intermediate type with short-duration varieties. 
Intermediate-type plants, however, had higher 
sink degeneration than the panicle number type in 
both DS and WS plantings. Higher sink degenera
tion was noted under narrow spacing, but the 
values were too small to offset the amount of sink. 

The panicle number type had higher percentages 
of ripened grains (Table 15). Narrow spacing did 
not red uce the percentage of ripened grains despite 
the greater amount of sink. The difference in the 
percentage of ripened grains between panicle 
number and intermediate types was too small to 
offset the yield. 

To increase the yield of short-duration varieties, 
it is important to increase the amount of dif
ferentiated sink by increasing N absorption at early 
growth stages. 

The coefficient of variation (CV) of yield and 
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yield components is higher in the intermediate type 
than in the panicle number type for short-duration 

varieties, and higher for short-duration tian for 
€,medium-duration varieties (Table 15). Therefore, a 
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panicle numbr type short-duration variety is less 

responsive to cultural practices or environment 
than is an intermediate type. However, a short

variety is more responsive to cultural 
practices and environment than is a medium
duration variety. 

of varietal traits associated 
with high yield in broadcast seeded rice (Agro

v). Research was initiated during *,987WS to 
ascertain desirable traits associated with high yield 
in broadcast seeded (BSR) and transplanted rice 
(TPR). Eight rices for each of three maturity 

groups were evaluated. 
Grain yield significantly differed among rice 

varieties within each group. The effects of crop 

establishment method on grain yield varied among 
maturity groups. For ealy-maturing rice (group I), 
no grain yield difference was observed; for the 
medium-maturing (group II), yield was higherwith 

BSR; and for the late-maturing (group I1l), yield 
was higher withTPR (Table 17). 1R41985-111-3-2
2 and 1R32429-47-3-2-2 gave the highest average 

yield ingroup 1, 1R35366-90-3-2-1-2 in group I1, 
and IR28228-12-3-1-1-2 in group III. 

RTV in TPR and lodging in BSR were observed
in some varieties. 

Factors affecting initial growth rates of rice 
cultivars (Plant Physiology). This study examined 
the effect of embryo size on initial growth rate of 

indica and japonica cultivars. Cultivars varying in 

embryo size were grown in a nutrient solution in 
the IRRI phytotron glasshouse under normal 

0 Afte(29/21 c) and low (21/15 C)temperatures.After
2 wk, leaf area (LA) and seedling dry weight 

(SDW) were measured and N content of dried 
samples analyzed. 

both temperature ranges, embryo size signifi

cantly affected SDW of indica but not of japonica 
rices (Table 18). LA at 25 'C was about 3.6 times 
higher than at 18 'C and dry weight 2.2 times 

tha at 

higher (Table 19). The effect of temperature on 
seedling growth would be chiefly through LA 

rate, which is controlled by growth 
respiration rate.
 

Within the indica group, embryo sizes of
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Table 16. Effect of spacing and N level on vegetative lag phase, N uptake, and N contribution to sink (S) and potential
sink (PS). IRRI, 1986 WS. 

N level Spacing Growth Vegetative N uptake (g/m )

Variety or line N leve 
 duration lag phase(d) (d) 3 WT PS/N S/N5 WT 

IR64 	 112 10 2.49 4.89 96 79
0 	 20X 10 

20X 20 112 5 1.66 4.11 85 7020 X 30 115 -1 1.13 4.05 77 66 
90 20X 10 112 10 3.18 5.80 100 7620X 20 112 5 2.19 4.62 97 7320 X 30 115 -2 1.48 4.48 90 67

IR36892-163-1.2.2.1 0 	 20 X 10 130 31 2.53 5.04 115 76
20 X 20 132 26 1.72 4.30 117 7720 X 30 132 20 1.21 3.95 123 77 

90 20x 10 130 31 
 3.95 6.11 117 76
 
20 X 20 132 26 
 2.31 5.09 115 75
20 x 30 132 20 1.50 4.73 115 78
 

Table 17. Grain yield of transplanted and broadcast Table 18. Regression coefficients relati.ag seedling dryseeded flooded rice of different growth durations. IRRI, 	 weight to leaf area and embryo size, and leaf area to total1987 WS. N of cultivar groups.a IRRI, 1986. 

Grain yielda (t/ha) Source Embryo size Leaf area Total N
Entry Trans-	 Broadcast Mean IRGCb 0.61' 0.95** 0.97**planted seeded PBc 0.17 ns 0.80* * 0.57*
 
Group I Indica 0.56 (0.51" 0.95** (0.94 * 0.94*
97-107 d 82-92d Japonica 0.23 ns (0.52 n3) 
 0.87** (0.88"* 0.87**IR31802-48-2-2-2 3.6 bc 	 3.9 b 3.6 

IR3242947-3-2-2 3.8 b 4.8 aIR39464-54-1-3-2-1- 3b 3.7 b 3.7 
4.3 aLow temperature values are in the parentheses. bInternabc 3.7 tional Rice Germplasm Center. CPlant Breeding DepartIR40804-176-2-2 3.8 b 3.9 b 3.8 ment, IRRI.

IR41985-111-3-2.2 4.4a 4.2 b 4.3
 
IR41996-50-2-1-3 3.7 b 3.7 bc 3.7
 
IR42000211-1.2-2-3 
 3.9 ab 	 3.2 c 3.5IR42015"129-3-3. 3b 3.1 c 3.8 b 3.4 cultivars from the International Rice Germplasm

Group I! 108-115 d 93-102 d Center were highly related to SDW; those from theIR35366-28-3-1.2-2 4.2 ab 	 4.2 bc 4.2IR35366-90.3-2-1.2 4.7 a 5.2 a 5.0 Plant Breeding Department (PB) wereIR39368- 3 1.1- 2 b 3.4 c 3.6 	 not. Thed 3.5 latter had higherIR42056-131-2-2.2.2 	 initial growth regardless of3.6 c 	 4.1 bcd 3.9 embryo 	size (Table 20). Differences among culIR42074"230-2-1-3- 3 b c3.4 	 4.3 bc 3.8IR44595-70-2-2
3 b 3.8 bc 3.8 cd 3.8

IR44660.115-2-1-2-2 	 tivars depend on the LA expansion rate. However,4.3 a 5.4 a 4.9 the difference in initial growth in 	 cultivars fromIR48525-100-1-2b 4.6 a 	 4.5 b 4.6 different seed sources is due to the difference inGroup Ill 123132d 107-117d embryo 	weight, which may depend on storageIR28222-23-1.3.3.2 4.6 ab 	 4.0 b 4.3IR28224-3-2-3-2 4.2 bcd 	 3.8 bc 4.0 duration. The embryo weight of seeds stored forIR28228-12-3.1-1.2 4.8 a 5.0 a 4.9 long periods may decline because they are viableIR28228.119-2.3-1-1 3.8 d 	 3.4 cd 3.6 and respire. Thus, in comparing varietal differencesIR29723-88.2-3.3 4.1 bcd 	 3.2 d 3.6IR32453.20.3.2.2 4.0 cd 	 3.4 cd 3.7 in initial growth rate, embryo weight of newlyIR32809.211-2-2-3 4.4 abc 	 3.9 bc 4.2 harvested material is recommended.IR33043-46-1-3 4.5 abc 4.4 cd 4.4 In both groups, LA was highly and positivelyaIn a column within a maturiy group, means followed related with SDW (Table 18). Multiple regression
by a common letter are not significantly different at the analysis revealed that among LA, specific leaf area5% level. Seedling age at transplanting was 17 d. CVbPlants established 	 = 9%.by transplanting were affected by 
RTV. 	

(SLA), and embryo weight, LA contributed most 
to SDW followed by SLA (Table 21). Low embryo 

http:relati.ag
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Table 19. Effect of temperature on seedling growth of IR Table 20 continued. 
cultivars.a IRRI, 1986. 

Cultivar Sourcea Ratio 
Dry weight

Leaf area (cm2 /plant i (mg/plant) IR32 2 0.91
Cultivar -IR62 2 0.91

18 0C 25 'C 18 °C 25 'C 6g 90-2 1 0.91 
JR64 2 0.90

IR5 7.1 25.1 42.5 95.4 IR64 1 0.89
IR8 6.3 23.0 44.0 98.4 IR52 1 0.87
IR30 5.8 16.0 43.0 80.6 Leb Mue Nahng 111 1 0.87
IR32 3.7 17.5 45.0 79.3 IR46 1 0.86
IR34 6.0 16.6 45.5 84.6 IR36 4 0.86
IR38 6.0 17.5 46.0 82.9 IR38 2 0.86
IR40 4.0 15.4 32.0 72.4 IR42 2 0.86
IR42 3.4 29.016.0 69.4 IR30 2 0.84 
IR43 5.4 38.020.6 96.0 Bluebonnet 50 1 0.84
IR44 6.1 20.8 42.0 89.9 Baok 1 0.83
IR46 5.7 40.018.6 88.5 IR48 1 0.83
IR50 4.3 18.2 31.0 73.8 IR60 2 0.82
IR60 3.2 17.0 30.0 80.9 lshioka 9 3 0.82
IR62 3.0 17.4 39.5 87.6 IR5 1 0.80
IR65 5.3 20.3 41.0 88.4 IR58 2 0.79

GetuAvb 5.2 18.7 (360) 38.9 84.5 (217) IR50 4 0.782 0.77 
a Annapurna 4 0.77 
Two hundred seedlings were grown in culture solution in IR45 1 0.76

the phytotron for 15 d after germination. Temperature IR40 2
shown is the average air temperature. Day and night tem- IR62 

0.75 
1 0.75 

peratures were 29/21 C and 21/15 0C, Average daily solar Tamanishiki 3 0.73 
radiation during the period was 12.9 MJ/m 2 . bFigures in Houyoku 3 0.68
the parentheses indicate the relative value of leaf area Hounanwase 3 0.68
and dry weight at 25 OC to that at 18 0C. HR36 1 0.68 

IR20 1 0.66 
Hatsuboshi 3 0.65
 

Table 20. Initial growth rate of rice cultivars relative to Rikoto Norin 12 
 3 0.64
 
newly harvested IR8 under normal temperature condi- IR22 
 1 0.64 
tions. IRRI, 1986. Akihikari 3 0.63 

Toyonishiki 3 0.62 
Cultivar Source a Ratio Mahsuri 4 0.62

Reimei 3 0.61 
Pokkali 4 1.21 IR24 1 0.59
BR4-10 4 1.21 IR28 1 0.59
Nona Bokra 4 1.20 IR38 1 0.57
Cheriveruppu 4 1.19 Nipponbare 3 0.56

IR4595-4-1-13 4 
 1.17 Kosh'hikari 3 0.54

Badal 64/1 4 1.14 IR54 
 1 0.54
At 69-5 4 1.13 IR29 1 0.52
Bg 367-4 4 1.11 IR30 1 0.50
Baishbish 1 1.08 Tanginbozu 3 0.44
BR4-10 1 1.06 Kochihibiki 3 0.43Pokkali 1 1.05 IR26 1 0.43 
Salumpikit 4 1.03 a 
IR26 2 1.00 1 = IRGC, 2 = Plant Breeding, 3 = Japan, 4 = IRGC, but
IR5 2 0.99 multiplied new seeds. 
IR56 1 0.99 
Chota Bawalia 1 0.99
IR54 2 0.95 weight seemed to be related to low LA development
IR34 2 0.95 ability. Cultivars having higher SDW had lower
IR44 2 0.94 SLA. Low SLA resulted in thicker leaves, higher N 
Bg 34-8 1 0.94
KR1.24 4 0.94 uptake per unit area, increased photosynthesis,
M242 1 0.94 and, consequently, dry weight increases. SLA was
IR46 2 0.92 highly and negatively related with N uptake perIR65 2 0.92 unit area in both cultivar groups (r = -0.83** for 
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Table 21. Multiple regression analysis between seedling 
dry weight and 3 independent variables.a IRRI, 1987. 

Rate of standard partial 

regression coefficient 
R2Source DAS r %) 

X1 X2 X3 

Indica 
IRGC 14 0.99 0.98 9.23 74.62 16.15 
IRGC 16 0.99 0.98 1.44 75.28 23.28 
PB 16 0.98 0.96 1.56 66.80 31.64 

Japonica 
Japan 16 0.90 0.95 1 50 63.98 34.52 

aX 1 = embryo weight, X2 = leaf area, = specific leafX3 


area. 


indica, r -0.64** for japonica). Likewise, the 
increase in LA was highly related to total N up'ake 
(Table 18), and this increase, in turn, was respon-
sible for the high initial growth. 

Effect of Crop Plus on rice growth and yield 
(Plant Physiology). Crop Plus, a biostimulant 
sprayed on rice, has been reported to increase its 
yield 12-13(/j,. However, little is known about the 
physiological response. 

A field experiment with four replications in 1987 
WS determined how foliar applications of Crop 
Plus affect grain yield, total dry weight, and other 
plant characters at harvest. The field had a basal 
application of 100-30-0 kg NPK/ha. Aqueous 
solutions of Crop Plus at a rate equivalent to 0.61 
liter/ha at I to 100 water dilution were sprayed on 
IR58, a 100-d cultivar, at the 3- to 5-leaf and PI 
stages. For grain yield, 7.5- X 10-m blocks were 
harvested. Other plant characters were taken from 
hills sampled from I m2. 

Crop Plus showed no effect on IR58 plant 
height, grain yield, total biomass, and panicle 
number. Further. panicle-to-straw and panicle-to-
tiller ratios of treated and unsprayed plants were 
similar. 

Plants were sprayed between 1000 and 1200 I, 
but rain fell on sprayed plants in late afternoon. 
This could explain the lack of effect. Growth 
duration might be another factor. Further experi-

ments are necessary. 
Seasonal variation in dark respiration rate of 

rice at panicle initiation and its relation to spikelet 
number (Plant Physiology). Spikelet number and 

dark respiration rate at PI show significant seasonal 
variation. A study to unravel these variations was 
conducted, using monthly planted rice at IRRI. 

Dark respiration (R) can be represented as the 
summation of growth (Rg) and maintenance (Rm) 
components proportional to gross photosynthesis
(Pg') anid to amount of protein (Pr), respectively. 
The equation is 

R 
R - kPg' + ,Pr (I)

k - constant for growth respiration 
in constant for maintenance respiration 
Respiration rate is significantly affected by 

protein amount (Pr). The ratio of R to Pr, R/ Pr, 
represents the respiration rate at constant protein 
content and is influenced chiefly by the variation 
in growth component Rg as follows: 

R/Pr = Rg/Pr + m (2) 
Since R/ Pr is proportional to the ratio of dark 

respiration to N content (R/ N), then R/N islargely 
affected by Rg/ Pr. In this study, R/ N at PI showed 
significant seasonal and varietal variations 
(Table 22). 

Table 22. Seasonal variation in R/N value at panicle initia
tion. IRRI, 1987. 

Respiration 
Transplanting rate (R) Nitrogen R/N 

timea (mg C02/ IN) (mg C02/ 

gOWperhI ( NperhI 
/R58 

Mar 4.20 2.87 146
 
Apr 2.45 2.57 95
 
May 2.14 2.17 99 
Jun 1.77 2.53 70 
Jul 2.50 2.62 95 
Aug 3.40 3.00 113 

MarI 
Mr3.00 2.48 121Apr 1.50 2.25 66 

May 1.19 1.85 64 
Jun 1.34 2.08 64 
Jul 1.47 2.20 65
Aug 1.80 2.55 68 

IR29723-143.3-2-1 
Mar 1.70 1.80 94
 
Apr 0.81 1.32 61
 
May 0.56 1.32 42
 
Jun 1.11 1.72 65 
Jul 1.03 1.69 61 
Aug 0.99 2.32 43 

aPlanting density was 50 hills/m; fertilizer N was 150 
kg/ha. 
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Ili nionths when spikelet numbers were higher, 
R N was high. (lose association between spikelet 
number and the product of R N and solar radia-
lion dting lhercproductiVe phase was observed 
Fig. 17). R N would determine potential spikelet 

diflcrcitation abilit\ while solar radiation during 
the reproductive phase would determine spikelet 
degeneration. Higher differentiation rate of spike
lets nMtv be accomlpaniCd by higher cell number 
and cell di\ision, which requires higher protein 
s\nt hesis. H gher protein synthesis results in higher 
respiration rate. An1ong growing seasons, higher 
R N at Pliis ecnerally associated with higher 
Pr' Pg'(Fig. IX. [able 22). 

Growth respiration is determined by biological 
processes sucli as carbohydrate synthesis rate (C'), 
protein syntlcsis ratc (Pr'). lipid synthesis (I.'). etc. 
The relationship can be expressed as lollows. 

AN.' kplir' ti k k . (3) 
kp. kc. and kl are constants give:n by glucose 

consumed or CO,)evolved to produnce I g protein. 
carbohydrate, and lipid, respectively.

Higher Pr' is atdeterminant of higher Rg, since 
kp is 3 times higher than kc. Pr', Pg' is ap-

;pikekl lnhousri/m 
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18. Change oi the ratio bet . con protein synthesis rate IPr') and 
gitts plrotos nlhesis late Wg') int relation to growth stage. 
IRRI. 19 7" 

proximately the ratio between Pr' and C',and the 
of Pr'/ Pg' will indicate the increased rate 

of protein synthesis. 
The result indicates that the growth component 

of respiration varies significantly, depending on
genetic and climatic factors. Plant growth, in turn, 

is significantly affected. Spikelet number can be 
manipulated by regulating growth respiration, 
while R /N value at PI can be a screening criterion 
for higher spikelet formation potential. 

Effect of temperature on dark respirationof rice 
(Plant Ph'.siolog). A drawback in analyzing dark 
respiration is that its rate rarely stays constant even 
though environmental conditions are kept 
constant. Dark respiration varies with time, season, 

stage, temperature, and plant part (Fig. 19). Most 
respiration rates declined rapidly with the onset of 
tile
dark period. In the early morning, respiration 

rates gradually increased and reached a peak value, 
"morning surge" (Rs), then decreased gradually 
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Respiration rote (mg C02/g dry wt per h) 
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and leveled ot at a lwer rate. Daytime dark 
respiration (Rd) can he extrapolated at time zero 
by following the pattern of the curve. Nighttime 
dark respiration rate (Rn) can be obtained by the 
average resniration of the materials placed in the 
respiration chamber at night. Generally, Rd is 
higher than maintenance respiration (Rin), but 
sonictimes Ri is higher than Rd (Fig. 20). 

it has been claimed that Rm represents mainly 
the maintenance component while its difference 
from R, R-Rm, representV; the growth component, 
and that Rg isproportional !o gross photosynthesis 
Pg') and is nsensitive to temperature, while Rm is 

proportional to dry weight and has a temperature 
coeficient Qm value of about two. 

This concept is still controversial. It cannot 
account for the fluctuations in dark respiration rate 
at night as shown in Figure 19. The growth 
component is generally associated with several 
processes involving synthesis of protein, carbo-
hydrate, lipid, etc. Thus, the growth component is 
a finction of the synthesis rate of these compounds
and was given by equation (3) in the previous 
section. 

If the ratio of synthesis rate of each cell 
component to Pg' is iven by -,... , then Rg is, 

shown by the following equations: 

Rg = k Pg' -- (kp.a + kc./3 + kL.y- ... )Pg'(4)k = kl). a + kc./#+ k L- + .. (5) 
equations express the association between 

Rg and Pg'. The important point is k, as expressed 
by equation (5), is always affected by the ratio of 
synthcsi; rate of each cell component to Pg'. The 
results in Figure 19 indicate that k rarely shows aconstant vdluc even within a day. However, when 

thle ecological enlergy balance is ;analvied. thlevalue of k for a long-term basis may show 

a relatively constant value. The small response of k 
to temperature can be attributed to whichPg', 

alread
I in LIudes response to ternperature. 
However, Rg itself will alwa\s be significantly 
afcctel by temperature. 

The unstable pattern of dark respiration as
shown in Figure 19 depends largely on variation in 

the synthesis rate of some cell components. Since 
Rg may involve light-sensitive reactions, switching
these off may hasten the decline of the substrate
pool after dark. The following (Rs) will be due to 

the activation of synthesis of some compounds. 
Tile pattern in Figure 19 indicates that the 
respiration related to synthesis of cell components 
becomes lower with the advancement of growth 
stage and differs for plant parts. 

The Qlj of the reaction rate with time may help 
explain dark respiration. 

Q1 a1theading declined with the dark period. It 
was 3.2 at the onset of the dark period, 2.5 (after 15 
h o! dark period), when the "moriling surge" was 
observed, and almost 2 after 38 h when mainten
ai.ce respirat;on was dominant (Fig. 21). These 
changes in Qm indicate that reactions at the onset 
of the dark period were more sensitive to tempera
ture, and that the reaction rates then decreased, 
stabilizing at an average Qt of 2.This may explain
why leaf expansion shows such a dependence on 
high temperature. Earlier studies showed LA 
expansion rate at 28 'C to be 3 times higher than at 
18 'C. We found similar results, indicating that 
growth, as in LA expansion. d,." ,nds on Rg 
reactions that occurjust after dark or with light and 
are highly temperature sensitive. 

Sink formation profile in early-maturing IR 
cultivars (Plant MIhrsiohogr). In the tropics, early
maturing rice cultivars enhance intensive cropping, 
which justifies improving their yield levels. 
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growth of these cultivars were evaluated in relation 
to irradiance and mean temperature at appropriate 
growth stages. 

In early-maturing IR cultivars, sink size is 
related to the formation of panicles (Fig. 22). At 
similar panicle value, both low and high, the wide 
distribution of points seems to indicate that panicle 
size is also affected by season. 

Sink size differs inIR58 and 1164, but profiles 
are similar (Fig. 23). Spikelet numbers and grain 
yields were high in the same months, 

Spikelets (thousand/m 2 ) 
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22. Relation between panicle number and spikelet number in 
IR64, IRRI, 1985-86. Numbers on curves represent planting 
month: I = January, 12 December. 
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23. Spikelet number of IR58 and IR64 at 120 kg N/ha, 
transplanted monthly over a I-yr period. IRRI, 1985-86. 
Figures in parentheses inuacate 3 best monthly yields, 

Sink formation ability isevaluated either by the 
size of sink produced per unit dry weight at heading 
or per N absorbed before heading. These two 
methods produced essentially identical profiles for 
lIR58 and IR64. 

Spikelet formation ability differs among rice 
iultivars and isnegatively correlated with mean air 
tempeinture during the vegetative phase (r = -0.78 
for IR64and -0.77 for 1R58). Similarly, grain yield 
and 	temperature during the vegetative phase are 
also 	highly negatively correlated-r = -0.64 for 
IR64 and -0.76 for I R58. Lower mean temperature 
seems to favor retention of more N in the sheath at 
PI.In contrast, high mean temperature during the 
vegetative phase decreased percentage of effective 
t:llers because faster leafing and tillering signifi
cantly reduced sheath N at P1 (Fig. 24). 
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24. Relationship between number of tillers at 20 d after 
transplanting and N content in the sheath at panicle initiation, 

and that between number of tillers at panicle initiation and 
percentage of effective tillers (no. of panicles divided by max no. 
of tillers) of I R58 with 120 kg N/ ha. 
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Daylength influences panicle formation in rice 
cultivars, affecting their sink forming ability (Fig. 
25). Panicle-forming abilities of IR58 and i164 
differ. As daylength decreased, the panicle-forming 

Panicles formed at constant Ncontent (no /m2) 
1000 

.-- R58 
500 -tank 

o 

Daylength (h)

1-_ 

12 -conditions. 

OT-_LL
Jun Aug Oct N ec Feb Apr JunJut Sep Nov Jan Mar May l 

Transplanting time 

25. I'anicle formation ability in 1158 and IR(4 at 121 kg N hIa 
as inlluenced hy planting ninth. IRRI. 1985-96. 

Table 23. Leaf area index (LAI)andcrop growth rate(CGR) 

Na Maximum 
Variety or line absorbed I.AI 

(g/m_ 

ability of IR64 increased and vice versa. With 
IR58, the trend was inconsistent, perhaps because 
of partitioning of photosynthates and N in the 
plant that could be related to hormone activity 
under photoperiod control. 

Biomass production and grain yield of IR 
cultivars in high-nitrogen water culture (Plant 
PhYsiology). Canopy architecture and nutrient 
uptake ability have been improved in most current 
high-yielding varieties. To estimate potential bio
mass production and yield, six recently improved 
IRRI cultivars were grown by water culture in a 

with high Napplication and in the field in DS 
(Table 23). 

Planting density was 20 X 10 cm. The water 
culture experiment used a modified Yoshida's 
s'lution. N was kept at 40 ppm until 3 wk after 
transplanting, then was increased to 80 ppm. After
heading. it was reduced to 60 ppm. Lodging was 

prevented. Field materials were grown simul
taneously at 150 kg N/ha under favorable growth 

In the tank, the highest biomass produced was 
about 22 t/ha for IR29723-143-3-2-1 (Fig. 26). 

Cultivars like IR44 and 11R56, which have a canopy
of droopy leaves, showed lower biomass produc
tion than those like i1129723-143-3-2-I and IR58, 
which have erect leaves. Leaf erectness aids higher
biomass production. Vigorous growth at early 

of rice varieties grown in a tank and in the field.IRRI.1987 DS. 

Optimum CGR at CGR during
LAIb optimum LAI heading 

(g/m 
2 per d) (g/m' per d) 

In the field, at 150 kg N/ha
IR58 21.8 9.3 8.4 38.0 35.0
 
IR28 22.1 9.8 6.5 
 34.0 30.0 
IR56 22.4 9.1 7.1 33.0 27.5
 
IR64 20.6 7.5 
 7.3 29.4 26.7 
IR44 20.9 9.7 7.5 35.4 23.5
 
IR29723-143-3-2-1 17.1 
 8.5 6.5 27.0 25.0 

In a tank, at 80 ppm Nc 
IR58 37.7 14.7 (158) 10.5 37.0 23.5 
IR28 39.2 16.3 (166) 9.5 45.0 25.7 
IR56 37.6 16.0 (176) 10.0 37.0 ,3.6
IR64 37.4 13.7 (183) 8.5 40.0 17.8 
I R 25588.7-3-1 - 17.3 10.7 29.0 25.0 
Guichao 2 40.5 14.2 12.5 37.0 30.5 
IR54752A/IR29723R 39.2 16.2 8.0 42.0 12.0 
IR8 47.8 20.2 10.0 47.0 6.0
1R29723-143-3-2-1 49.2 15.7 (185) 9.0 46.0 12.5 
IR44 46.2 20.8 (214) 10.1 41.0 8.0 
aN absorbed decreased after heading. In this table maximum rate through the growth stage is indicated. bLAI giving highest
CGR. CFigures in parentheses indicate percentage increase over the field-grown materials. 
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26. (io, th CisCS ol nidium-duratioii IR29723-143-3-2-I 
growi in high-N water cultlire and in the field with favorable 
i ana ge nient. IR R I, 987 I) . 

stages due to high N in ti'e culture solution was 
always followed by a shar decline in growth at-
later stages due to enhanced dark respiration as 
high as 50 g dry weight/ r 2 per day in IR29723
143-3-2-1 ,Fig. 27). Thus, thc culture solution 
produced littlc significant improvement ofbiomass 
compared with the field. 

Photosynthesis rate or CGR can easily b, 
manipulated by regulating N, and higher growth 
can he obtained at early growth stages. However, 
photosynthesis rate also accompanies increased 
respiration rate at later gt owth stages. Unless the 
ratio between photosynthesis rate and respiration 
rate is improved, increase in photosynthesis will 
not help improve rice biomass in tropical condi-
tions. In the tank, the highest CGR was around 40 

2
gl per day, the maximum LAI was more than 
20, and total N uptake was 35-40 g N/rm2 in rice 
grown at higher N (Table 23, Fig. 28). In the field, 
identical materials grown under favorable manage-
ment showed a CGR of only 30 g/m 2 per day, a 

2
Pg, CGR, R(gdry wt/m per d) 
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60- -_'
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27. Change ingross photosynthesis (Pg'), crop growth rate
(CiR),and respiration(,)oflR29723-143-3-2-I inhigh-N (8) 
ppm) water cultUre, IRRI, 1987. H = heading. 

maximum LAI of less than 10, and N uptake of 
2
20-21 g N /m . 

In the tank, grain yields were reduced, especially 
those of long-duration varieties (Table 24). Ripen
ing percentage was positively related with CGR 5d 
beforeand after heading (r=0.88). The lower grain 
yield in the high-N plot isattributed to low ripening 
percentage due to lower CGR at heading because 
of overgrowth. The tank experiment indicates that 
grain yield is strongly affected by growth duration 
and N level. In the field with 150 kg N/na and a 
plant density of 50 hills/ m2,grain yield varied little 
with growth duration between 110 and 140 d. In 
the tank with extremely high N, the optimum 
growth duration was about 100 d. Usually, 
optimum growth duration for high yield will be 

120 
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Nabsorbea (g N/rn2) N uptake ratio (NUR) (g N/M
2 per d) 	 shorter with increasing N; however, italso will vary 

with the N uptake ability ot the varieties used. 
-- Noso,be g	 Rice panicle characteristics (IlIat Plwsiology).-- NUR 


50 - % Nloss by oottotio,etc 	 One way to improve rice grain yield is to increase 
SoyldeoS, 	 / the nuhllber of high density (1-11)) grains per 

- -7 4/ panicle. 
/larlier results showed that 1-11) grains (specific 

40 7 grav'ity --1.20) arc usually on primary branches, 
40and primar\ branches are correlated with number 

vascular culn thickness. These 
water panicle characteristics were studied in 10 IR 

/80 PPm I	 01r\of bundles and 

culture 
 varieties. 16 0. t,Ia/wrrinti accessionls, and 15 lines 

30-	 from an upland cross. 

] i The glaberrima.s had comparatively more 
primary branches and more spikelets on primary 

P,oeo-N\ branches, traits needed Cor HI) grains (Table 25).~The 	 uplhnd lines were next highest. followed by I R 

o05 varieties. The glaterrimi. had markedly fewer 

secondary branchc:: and spikelets on secondary 
Protein-N branches. characters producing more low-density 

grains. File lack of differences in total spikelets 
10- \ \ indicates that more primary branches and fewer 

secondary branches m the panicle can be obtained 
t \without 	 reducing total spikulet,; per panicle.

el_ - Inner vascular bundles were most numerous in 
IR Varieties, outer vascular bundles were higher in 

0 30 60 90 120 glalurrimas. Culm diameter varied little. Air space 
Days after transplanting 	 was less in the ,laherrinas.The upland lines had 

28. N ahtu-ptionand N uptake rate of IR29723-143-3-2-1 inthc thick cuhis, the I R varieties had thin culms. 
fieldattd high-N %..ItCr RRI. 1987.i culture. 

Table 24. Grain yield and yield components oi rice varieties grown in a tank and in the field. IRRI, 1987 DS. 

Growth Dry matter Grain yield Panicles Spikelets Filled 1000- Harves' 
Variety or line duration production (g/m2 ) at (no./m 2 ) (thousand/ grains grain index 

(d) (g/m2 ) 14% moisture m) %) wt (g 

In the field, at 150 kg N/ha 
IR58 	 106 1623 913 775 47.0 90.3 18.9 49 
IR28 	 110 1742 860 635 48.3 79.5 19.6 43
 

IR56 	 112 1717 907 645 46.4 82.0 20.9 46
 

IR64 	 117 1721 901 530 36.7 88.6 22.5 46
 
IR44 	 131 1838 822 565 41.1 81.3 21.6 39
 

IR29723-143-3-2-1 133 1915 1004 397 42.1 89.7 23.3 46
 

In a rank, at 80 ppm Na 
IR58 103 1728 (106) 779 (85) 820 1106) 60.7 (129) 69.7 16.2 40 
IR28 104 2073 (119) 862 (100) 6301 99) 46.8( 97) 80.3 20.1 36 

IR25388-7-3.1 105 1936 779 555 48.8 71.7 19.5 35 

IR56 110 1771 (103) 699( 77) 6201 96) 43.4( 94) 73.0 19.3 35 
IR64 113 1877 (109) 619( 69) 504( 95) 38.6 (105) 61.1 23.0 29 
IR54752A/IR29723.143-3-2-1 122 1845 295 5"' 40.7 23.7 22.2 14 

Guichao 2 113 2121 857 575 55.0 70.0 19.5 35 

IRB 127 1960 377 460 29.1 52.8 21.5 17 
IR29723-143-3.2-1 129 2194 (115) 569 57) 580 (146) 47.5 (117) 53.5 19.6 23 

IR44 133 1825 ( 99) 293 (36) 520( 92) 30.8 ( 73) 47.6 17.5 14 

aFigures inparentheses indicate values relative to those of the field-grown materials.
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Primary branch number correlated significantly 
with number of primary branch spikelets, total 
spikelkts, anJ inner vascular bundles. In the upland 
lines, cUlm thickness correlated significantly with 
all characters studied, thus, it might be a useful 
mea1sure of overall desirable traits. 

Figure 29 shows three distinct panicle types. 0. 
glaherrima (Ace. 103350) has the highest number 
of primary branches and only three secondary
branches. IR47705-AC5 has thicker culni and 
more vascu!ar bundles dhan 0. glaherrima and 
IR60. I1 future breeding programs, useful traits of
the glaherrimas and upland lines could be trans

ferred into the IR varieties to increase the number 
of HI) grains.

Ileterosis in rice panicle branches, spikelets, and 
vascular bundles (Plant Phrsiolh,,i'). To increase 
primary branches, spikelets on primary branches, 
and vascular bundles, the heritability of these 
characters isneeded. This study used seven crosses 
of HI) grain parents and two low-density (LI)) 

grain parents to assess heterosis for nine ]uanti
tative characters (Table 26). 

The estimates of overall degree and direction of' 
Il-heterosis were significaint positive for secondary 

branch,:s, spikelets on secondary branches, and 
inner vascular bundles, indicating dominance of 
higher values. Hetcrosis was negative for spikelets 
on tertiary branches and outer vascular bundles 

genes of lower cor", dominated. Low or 
nonsignificant heterosis for primary and tertiary 
branches, spikeiets o primary branches, and total
spikelets may be the result of little genetic interac

tion or differences among parents.
The Values for individual families, however,

F1 
differed from the overall estimates for different 
characters in showing positive, negative, or no 
lheterosis (Table 26). The I1 means conspicuously 
deviated from tile midrespective parental and 
parental values, indicating nonadditive gene action 
in expression observed for most characters. 

Substantial heterosis in the desirable direction 
was observed incharacters like numbers of primary

spikelets on primary branches, and inner 
and outer vascular bundles. Three crosses among 

liD grain parents and one cross between HD and 

LD grain parents (P2/P9) exhibited positive
heterosis for primary branches. The cross P2/P9 
showed positive heterosis for all characters. Posi

06 
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29. I';atiCldechltlactcrics itt 3 t~pcs al rics. I RRI. 1987. 

tive heterosis for total spikelcts wits observed in all 
the crosses except P3/lP8. Number of inner vascular 
bundles exhibited positive hieterosis in most crosses, 
but outer vascular bundles did not, 

0 


0 

03 

Table 26. Percentage of heterosis of 9 quantitative characters. I RRI1, 1987. 

Character 
P1/P2 P3/P4 
(HO/HO) (HD/HD) 

Primary branch (PB) 5.21 1.69 
Secondary branch (SB) 0 9.77 
Tertiary branch (TB) -39.39 -80.95 
Spikelets on Pa 13.64 1.31 
Spikeletson SB 0.67 11.78 
Spikeletson TB -56.96 -88.73 
Total spikelets 3.50 5.90 
Inner vascular bundles 4.86 2.15 
Outer vascular bundles 1.79 -4,81 

Cross or typea 

P5/P2 P2/P6 
(HO/HO) (HO/HO) 

9.42 -1.38 
4.75 6.00 


-100.00 11.11 

15.36 -7.49 
4.89 15.63 


-100.00 33.33 

7.92 6.09 
1.07 1.73 


-11.34 -1.37 


0 glaborrmro Upland rice 
1cc 103350) (lR47705-AC5) 

Pimary branchres 15 Primary branches 13
 
Secondary branches 3 Secondary branches 15
 
Totalsyikelets 122 Total spikolets 125
 

S (115+7) (79+46) 

Innervascular bundles 17 Inner vascular bundles 20
 
Outer vascuarbundles 0 Outer vascular bundles 27
 

27 0~ 

a 

Because panicles with more primary branches 
and spikelets on primary branches usually have 
more HD grains, substantial heterosis for these 
characters may lead to higher yield. The three 

LSD 
P4/P7 P3/P8 P2/P9 (0.05) 

(HO/HO) (HO/LO) (HO/LO) 

-7.23 -9.31 3.35 1.82 
23.63 -5.93 35.34 6.75 
80.00 12.00 150.00 27.00 

-18.48 -2.38 4.25 3.66 
32.85 -2.33 28.69 6.83 
62.50 -18.99 122.00 19.70 
11.82 -2.67 19.51 3.12 
-1.39 -0,44 9.33 1.68 

-11.24 -1.38 3.27 2.38 
a1= IR32307-75-1-3-1, P2 = IR30, P3 = IR34615-75-1-1, P4 = IR29725-135-2-2-3, P5 = IR29692.117-1-2-2, P6 = 

IR35337-61-2-2-2, P7 = IR28211-43-1-1.1-2, P8 = 1R32419.102.3-2-3, P9 = 1R32385-37-3,3-3. HO = high density, LO 
low density. 



40 IRRI ANNUAL REPORT FOR 1987
 

crosses with IR30 (P2) as a common parent have 
positive heterosis for the above characters and 
would be of value for increasing yield. 

(ilNHIIS (If 1110 1OI R10)I) SFINSITIVIlY 
Plat Breeding andI Plant IhYsiohloti I)emriments 

lPhotoperiod sensitivity is an important breeding 
objective for rainfed areas ,,here rainfall distribu-
tion is erratic ar bimodal. Strongly sensitive 
cultivars will flower around the same date regard-
less ofseedingand transplanting dates. The genctics 
of photoperiod sensitivity has been studied cxten-
sively, but much less is known about genetic 
control of critical daylcngth, another important 
varietal characteristic. This study on the inheriance 
of flowering hchavior used five parents with dif-
ferent characteristics. 

Basic vegetative phase. The basic vegetative 
phase (BVP) was measured as the number of days
from seeding to PI under a 10-h photoperiod. BVIP 
was shortest ( 10 d) in the weakly sensitive cultivar 
Nam Sagui 19 (Table 27). Genes for short BVP 
were partially to completely dominant. Although 
no cross showed a good fit to a simple genetic 
model, BVP"was controlled by two to three genes 
of major eficct in the parents studied. Insegregating 
generations, short BVP tended to be associated 
with photoperiod sensitivity, but short BVP/
insensitive and long BVP/sensitive types were also 
observed, 

Photoperiod sensitivity. Photoperiod sensitivity 
was measured as the regression of days to flowering 
on seeding date for the parents. While the cultivars 
Sac Nau and Puang Rai 2 were clearly strongly 

sensitive, Nam Sagui 19 was less strongly so, and 
IR26760-27-1-3-2-1 was weakly sensitive (Table 
27). In segregating populations, sensitivity was 
measured by planting early in the season (April). 
Usualiy, sensitive plants by their late flowering
(October) could be separated from insensitive 
plants. In crosses with the early insensitive parent 
(IR58), sensitivity appeared controlled by one or 
two recessive genes, but exact segregation ratios 
were difficult to detect. With IR26760-27-1-3-2-1 
as the "insensitive" parent, a single dominant gene
controlled sensitivity in Sac Nau and Puang Rai 2 
(Table 28). In the cross IR26760-27-1-3-2-1 / Nam 
Sagui 19, twvo complementary dominant genes 
controlled sensitivity. With both dominant genes 
present, the plants were strongly sensitive; with 
only one present, the plants flowered ei.r!ier (i.e., 
were weakly sensitive). The cross PuangRai 2/Sac 
Nau did not show segregation, indicating that the 
same genes control sensitivity in these parents. 

Critical daylength. The critical daylength was 
measured by subjecting the plants to different 
photoperiods. In the F,of the crosses Puang Rai 
2/Nam Sagui 19 and Sac Nau/Nam Sagui 19, five 
tillers were separated from each plant, and the 
resulting clones were treated under five photo
periods. Both populations showed a good fit to the 
ratio 3:1 (short:long critical daylength), indicating 
that a single gene controlled critical daylength in 
the crosses (Table 29). Plants with a short critical 
daylength did not flower under the long-day 
treatment (14 h1). Plants with a "long" critical 
daylength, including the parent Nam Sagui 19, 
flowered even under the longest daylength treat
ment used (14 h), although their heading was 
greatly delayed (Table 29). It is not clear if they 

Table 27. Characteristics of the parents used in the genetic study of photoperiod sensitivity. IRRI, 1987. 
Parent Origin Durationa BVpb pspc Regression 

(d) coefficientd 
IR58 IRRI 101 29 16 0.07IR26760.27-1-3.2-1 IRRI 145 45 
 75 -0.12
Nam Sagui 19 Thailand 122 10 114 -0.26Puang Rai 2 Thailand 193 55 >135 -0.64Sac Nau Vietnam 190 17 >141 -0.57 

aMeasured from seeding on 18 Jun at IRRI. bThe basic vegetative phase (BVP) was measured as the days from seeding topanicle initiation under a 10-h photoperiod. CThe photoperiod-sensitive phase (PSP) was measured as the difference in daysto flower under a 14- and 10.h photoper~od. dThe regression of flowaring duration on seeding dates was calculated for 11dates of seeding (14 May-17 Oct) at IRRI. All coefficients were significant at the 1%level. 



2Table 28. Distribution of days to flowering (seeded 6 Apr) for parents, F 1 , and F2 , and X analysis for goodness of fit to a single gene model. IRRI, 
1987. 

Distribution of days to floweringCr ssa FF2 F2 X2 

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 range ratio 

IR26760-27/NS19 13 1
P1 


P2 5 10 86-150 7 1.017
F 1 11 1 151-210 9 0.30<P<0.50 
F2 24 31 42 29 31 15 9 12 58 55 36 26 
 2
 

PR2/IR26760-27 P1 1 6 
P2 11 3 
 112-170 1 2.546
F 1 10 1 171-243 3 0.10<P<0.20 
F2 2 14 23 19 19 18 7 0 11 34 106 84 36 1 M 

SN/IR26760-27 P1 2 0 9 z 
P2 1 11 79-170 1 1.293
F 1 1 10 171-227 0.20<P<0.30 
F2 6 22 36 19 11 2 7 33 105 74 29 6 

PR2/NS19 P1 1 > 
P2 1 14 138-174 1 2.524 CF1 6 6 175-225 3 0.10<P<0.20 >> 
F2 8 19 29 23 38 74 102 49 29
 

NS19/IR26760-27 P1 1 5 >z 

P2 5 6 129-174 1 0.015 Z
 
9 175-228 3 0.90<P<0.95 0F 1 

F2 1 3 26 39 22 28 89 92 39 15 4 
PR2/SN P1 8 

P2 8 4 >F1 1 6 4 
F2 64 185 17 3 Z 

NS= Nam Sagui 19, PR2 = Puang Rai 2, SN = Sac Nau. 

"o
Co0 

http:0.90<P<0.95
http:0.10<P<0.20
http:0.20<P<0.30
http:0.10<P<0.20
http:0.30<P<0.50
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Table 29. Distribution of days to floweriiig in F2 populations of 2 crosses under 5 photoperiod treatments. IRRI, 19 Feb
16 Sep 1987. 

;2 days to flowering 

Cross 
Photoperiod 

treatment 81. 91- 101- 111- 121- 131- 141- 151- 161- 171- 181- 191- >200 
X 

(h) 90 100 110 120 130 140 150 160 170 180 190 200 

PR2/NS19 11.5 1 45 70 51 26 8 10 0 1 0 0 0 0 111 
12 13 45 51 54 19 18 8 2 0 0 0 0 0 110 
12.5 0 0 4 22 15 9 4 6 14 28 29 20 66 160 
13 0 0 0 2 4 19 7 13 12 3 0 0 157 149 
14 0 0 0 0 0 0 3 11 23 8 5 5 162 168 

SN/NS19 11.5 0 23 89 40 19 7 5 1 ? 4 8 2 0 118 
12 6 69 63 25 8 9 5 2 3 6 1 5 0 113 
12.5 0 8 20 14 10 0 0 4 10 18 19 21 90 152 
13 0 0 4 13 11 10 13 0 0 1 0 0 162 129 
14 0 0 0 0 0 1 13 13 19 3 3 0 162 159 

have a crit.ical daylength longer than 14 h,or il sensitivity in Namn Sagui 19 isconditioned by the 
there is no critical daylength. Heading in Narn V,-I. Likewise, ir,he cross Puang Rai 2/ IR26760-
Sagui 19 \wis delayed more than 50 d under the 27-1-3-2-1, Pgi-2 allele 2 in Puang Rai 2 was 
14-11 p otopericd compared with the 11.5-11 strongly associated with the photoperiod-sensitive 
photoperiod. F, plants. In the cross Sac Nau,/Narn Sagui 19,

lu determine ilthe gene controlling critical however, tile alleles for Pgii-2 segregated indepen
daylength was th,.2 dently l'rom tile gene controlling critical daylcngth,same as that controlling photo-
period scnsitivit,.esegregation For the isozvmne gene indicating this gene is independent of the
P,i-2 was measured. This gene isclosely linked to photoperiod-sensitive gene. To study the genetics
lie major photoreriod sensitivity gene S-/. In the of critical daylength in more detail, additional 

cross IR26760-2 7-1-3-2-I Nam Sagui 19, allele I parents with a range of critical daylengths should 
of I,,i-2 in NanIl Sagui 19 was strongly associated be used. 
with the sensitive recombinants, indicating that 
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BREI)ING PROGRAM ANI) FVA I 1A II0N 

Cereal Chemistr'. Plant Bredi,. and Statislsic 
l)epartmeni 

Elite irrigated lines (ali Breeding and ('real 
(0ewnisti-).Among live outstanding elite lines, 
only II,32453-20-3 had ,,, pi otcin content (Table 
I). All had high amylose conletl (AC) except 
IR31868-64-2 with intermediate AC. (elatini/a-
tion temperature ((GT) based on alkali spreading 
value was either low or intermediate, but gel 
consistency (MC)was hard for all samples except 
1131868-64-2 (mediti in). Tlheabsence ol a negative 
correlation bet een alkali spreadingvalue and (IC 
has been reported in recent years. lI R31868-64-2 
had the softcst cooked rice, probably because ol'its 
lowest AC. I R 32453-20-3 did not have the hardest 
cooked rice, tespite its high Anvlograph consis-
tency, probably because oflils low protein conteot. 
On the basis of cooked rice hardness and Amlo-
graph consistency, iiitcrmediatc-(iT, high-ACrices 
IR28228-12-3 and IR32429-47-3 were not hard-
textured despite their hard (C. 

The 1987 dry season ()S) intermediate- and 
low-AC elite entries had 15 samples with >1()1:j 
protein, probably since they were fron the previous 
wet season (WS) crop. Some high-AC entries Were 
classified as intermediate-AC, probably because of 
high protein content. High protein would also 
explain the nigh cooked rice hart : ss and Aniylo-
graph consistency of'a few samples withl_ 23,( AC. 
With the 1987 WS entries, protein contents were 
average and, thus, cooked rice hardness and 

Amylograph consistencv showed anarrower range 
(Table I). With SuCh a hoinoieneois set of saii

pies, A" Was no longer correlatedI with cooked rice 
hardness and Armylograph consistency. unlike in 
earlier crops. AC was significantly correlated only 
with (C (r .. 0.7J**, n =c 14). Cooked rice 
hardness and Amylog aph consistency continued 
to be positively correlated, but (;C and Am\ylo
graph consistenc\ values were correlated signi
licantlv only in the I)s samples. The low-Gl 
samples w\'crc not necessarily the hardest cooked 
rices, although alkali spreading value and cooked 
rice hardhness correlated significantlv in boti sets of 
samples (I -- 0.47*, n -- 27, r = f.54*, n - 14). 
Ilhece results demonstrate tile inMladqC c of 
present tethods to discriminate among rices of the 
same an;milose type and tile ieed for more basic 
studies on tile therinomechanical properties of rice 
during cooking. 

A waxy line. IR139368-31-1-2, was consumer
panel tested at the College of HtLiman I-cology. 
[Jiiersity of tile Philippines at Los Baios 
(IUP1.1), against traditional variety Malagkit 
Sungsong, both as raw rice and as stmnan.,aanala 
(waxy rice-coconut milk cake). 1139368-31-1-2 
was considered inerior to Malagkit Snngsong as 
raw rice and .tman .a atala,despite the closeness 
of their starch properties. Malagkit Sungsong has 
shorter, aromatic grain. 

Protein screening (Cereal ('hemistr', Plant 
Breeding. and Statislic.). For both the 1986 WS 
and 1987 1)S replicated yield trial (P YT) crops, 
brown rice protein (RIIR) and growth duration 
continued to be negatively correlated (Table 2). 

Table 1. Physicochemical properties of milled rice of elite irrigated lines. IRRI, 1987. 

Protein Amylose Alkali Gel Cooked rice Amylograph 
(lt (%) spreading consistency Instron consistencyE t value (mm) hardness(kg/7 cm" ) (Bula(Ba 

IR28224.3-2 8.8 26.0 6.9 31 9.8 245 
IR28228-12-3 8.0 25.0 5.1 32 9.0 325 
IR31868-64-2 8.0 22.6 3.8 53 7.8 200 
IR32429-47-3 9.0 25.0 4.0 30 9.2 345 
IR32453-20-3 6.4 26.0 7.0 30 8.7 630 

Intermediaie-low am ylose content en triesb 

1987 DS 6-13 17-24 3-7 28-77 7-12 90-640 
1987 WS 6- 9 19-24 3-7 32-75 6- 9 120-275 

aBU = Brabender units. bFrom previous season; n = 27 in 1987 DS and 14 in 1987 WS. 
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Simple correlation coel'licienls between growth consistent. Thus, breeding for earliness will not 
duratioi and IlkI) determined on the RYT entries sacrifice protein content in rice grain. However, 
for the last 10 yr showed consistent, significant, entries having higher grain yield and BRP than the 
necativecorrelationsbet\kcengerowth duration and check varieties lI136 and IR42 usually did not 
Il ). Corrclations in%olving grain yield were less maintain their BR1ZP rating in subsequent crops 

(Table 3). Elite lines will continue to be analyzed
for milled rice protein content. Screening for BIRP 

Table 2. Simple correlation coefficients between rough itr m a be icontent il frBit 
rice yield, brown rice protein (BRP), and growth duration in tie RYT may be discontinued until variaiity 
in replicated yield trials. IRRI, 1977-87. can be minimized. 

Simple correlation coefficients Parents and lines-nonirrigated rice (Plant
Crop Entries between Breediigand CerealChwnistrr).Rainfrd lowland 

season (no.) 
Yield vs Duration Yield vs rice. The varieties and lines were mainly high AC 

BRP vs BRP duration and varied in protein content (Table 4). Many of 
1987 DS 370 -0.02 -0.58** -0.18* the high AC parents and lines had intermediate 
1986 WS 347 -0.05 -0.61 ** -0.43 (iT and the rest had low GT. GC ranged from soft1986 DS 370 -0.34"" -0.39"" 0.24"1985 DS 370 -0.034 -0.39*' 0.24 *1985 WS 370 -0,03 -'.57*"* -0.22"** to hard. Length-to-width ratio (LWR) was 
1985 DS 367 -0.12" -0.49 * 0.15* variable. 
1984WS 416 -0.30 -0.39** -0.26"*Ipland rice. Upland parents and lines had 
1984 DS 507 -0.06 -0.36** 0.03 variable LWRs but were mainly intermediate to 
1983 WS 598 -0.19"* -0.39** -0.39* 
1983 DS 462 -0.33 * -0.58** 0.48 " low AC (Table 4). All were nonpigmented except° 1982 WS 456 -0.44 .-0.74** 0.36" Red Dinorado. All parents had intermediate GT, 
1982 DS 347 -0.10 -0.77" * 0.01 but two lines had low GT. GC was mainly medium. 
1981 WS 391 0.08 -0.59** -0.29* b 
1980WS 555 -0.37"* -0.48"* -0.05 Protein content was also very variable.
 
1980 DS 554 -0.43" * -0.82"* 

* 
0.42" Thirteen traditional Philippine upland varieties
 

1979 WS 554 -0.31 ** -0.50 * -0.09 and one from Sabah (Kalopak) of good eating

1979 DS 555 0.33" -0.32"* 0.13 *
 
1978 DS 363 0.23"* -CA5"* 0.07 quality generally had medium to long grains,

1977 WS 278 -0.03 -0.45 * 0.16 intermediate AC, intermediate GT, and medium
 
1977 DS 324 0.02 -0.40"* 0.11 G(C. Only one had a red pericarp. Azucena, 

Table 3. BRP and 	rough rice yield of 4 selected replicated yield trial entries that were superior to check varieties IR36 and 
aIR42 in one season. IRRI, 1985 DS-1987 WS. 

1985 1986 	 1987 

Variety or line DS WS DS WS DS WS 

BRP Yield BRP Yield BRP Yield BRP Yield BRP Yield BRP Yield 
%) (t/ha) %) It/ha) MI (t/ha) (%) It/ha) (%) It/ha) (%) It/ha) 

IR28224-3.2.3.2 8.0 7.0 9.4 4.4 7.7 7.4 11.4 2.5 6.7 6.4 7.9 3.4 
IR36 9.0 6.9 8.5 5.3 10.5 6.8 10.7 3.2 7.6 6.3 10.4 2.0 
IR42 7.7 7.1 7.8 4.9 7.2 6.5 10.8 2.3 7.8 6.6 9.0 3.0 
1R28228-119-2-3-1-1 9.6 7. 7.9 4.0 7.1 6.9 10.0 2.0 7.6 5.3 9' ' 3.7 
IR36 8.7 6.3 8.5 5.3 10.5 6.8 10.7 3.2 7.7 4.8 11.2 3.0 
IR42 8.2 7.0 7.8 4.9 7.2 6.5 10.8 2.3 7.2 6.2 9.2 3.1 

8.8IR35366-90-3.2-1.2 7.3 6.6 7.2 5.4 6.6 6.5 8.5 4.5 EQ2...7 10.4 4.6 
IR36 8.1 6.9 8.3 4.8 8.3 6.8 10.4 3.6 8.7 5.7 9.0 2.0 
IR42 8.2 7.0 8.5 4.8 8.0 6.1 10.6 1.9 9.1 6.5 3.0 
IR42015-83-3-.J-2-3 - - 9.6 5.0 8.8 6.9 11.7 4.2 9.1 6.6 4.4 
IR36 - - 8.2 5.0 8.6 7.1 11.6 2.9 7.5 5.2 1.9 
IR42 - - 7.6 4.9 7.6 6.0 11.1 1.5 8.4 7.0 1.8 

aunderlined data for each line. 
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Table 4. Milled rice properties of nonirrigated varieties and lines. IRRI, 1987. 

Culture type Imainly 1986 WS) 

Rainfed lowland 

Upland 

Upland (Philippines/Sabah) 

Deepwater (Thailand) 

Tid3l swamp and saline-resistant 

Tidal and mangrove swamp 


(WARDA) 

Samples Length- Amylose typea Protein 
Smls to-widthPrti

Type (no.) ratio h 

Varieties 10 2.1-3.2 
Lines 6 2.5-3.5 
Varieties 8 1.7-3.3 
Lines 10 1.8-3.0 
Varieties 14 2.2-3.0 
Varieties 5 3.0-3.5 
Varieties 21 2.1-4.1 
Varieties 27 2.1-3.2 

WX- (%) 

0 1 0 9 8.3-10.2 
0 1 1 4 7.9-10.4 
0 3 5 0 6.8-10.4 
0 1 8 1 7.1- 9.6 
0 2 10 2 
0 0 0 5 3.7- 6.5 
2 1 0 18 6.7-11.9 
0 0 0 27 6.2. 9.9 

aWx = wa>, t (0-2%), L = low (10-20%), I = intermediate (20-25%), H = high (>25%). 

Kalopak, and Manong Balay were aromatic. 
Wagwag from Cotabato had intermediate AC, in 
contrast to the high AC of othcr Wagwag samples. 

lheepwaier rice. Five'Thai deepwater ric-'es 
showed typical long grains and all had high AC 
(Table 4), intermediate or low GT, and variable 
GC. Their protein content was the lowest of the 
samples analyzed. Head rice on milling (22-43A,') 
was lowet than that of' irrigated rice. Grains were 
chalky, partiCularly those of RI)19. l.eb Mue 
Nalng III grain was aromatic, 

Tidal .swanyp rice. Tidal swamp and saline-
resistant rices differed in L.WR but were mainly 
high AC (Table 4) and intermediate GT. The two 
waxy rices had low (;'l. The low-AC aromatic 
variety was Khao Dawk Mali 105, which is also 
classified as rainfed lowland. The high-AC rices 
had mainly intermediate GT and hard GC. Protein 
contents were variable. 

Tidal and mangrove swamp rices from the West 
Africa Rice Development Association (WARI)A) 
had grain properties similar to those of Asian tidal 
swamp rices (Table 4). Most of the samples had 
high AC, intermediate GT, and hard to medium 
GC. Protein content also showed a wide range. 

Screening for stable head rice yield (Cereal 
(hemni.sirvi and Plant Ih'eeding). The screening 
method investigat.:d and adapted was to deter-
mine, with the aid of a fiber optics illuminator, the 
number of cracked brown rice grains when a 
randomly selected batch of'50grains was soaked in 
water ('or 0, 5, 10. or 15 in. Rough rice was 
correspondingly stressed by soaking (or 3 Ih in 
waier, then air-dried: 5 g brown rice was milled in 
the Kett Peariest mill to estimate head rice yield. 

Waxy rices could not be observed ;'or cracking of 
brown rice because of their opaque eiilosperm 
Shade-dried samples were preferred for the brown 
rice test because cracked grains were minimized. 
The remaining whole grains in samples with many 
cracked grains would have been more crack
resistant than the total sample and, therefore, may 
not have been representative. 

Rough rice from the 1987 )S crop was shade
dried to 14-16f moisture to minimize cracking of 
starting materials. Even tinder those conditions, 
lR44 showed head rice of only 19-23%,, and IR58 
and IR60 had the highest head rice. Evidently, 
ripening conditions in 1987 DS elicited more grain 
moisture stress than earlier trials (46-72% head rice 
in 1985 WS and 40-7 1(;i in 1986 DS). Twenty-eight 
nonwaxy IIR rices were compared for head rice 
before and after 3 11of soaking rough rice in water 
followed by milling with a Kett Pearlest mill, and 
for percentage of cracked grains on soaking brown 
rice in water at 0, 5, and 10 min (able 5). Soaking 
brown rice for 5 min gave the best correlation 
between percentage of cracked grains in stressed 

=brown rice and head rice of stressed rough rice (r
0.79**). However, head rice of unstressed grain 
correlated negatively with cracked brown rice 
grains before soaking (r = -0.67**) and even with 5 
min of soaking (r = -0.60**). The similarity of 
results of rough and brown rices indicates that 
endosperm properties are more important than 
hull tightness for crack resistance. The soaking 
method gave more reproducible variety ranking 
than the 2 earlier drying methods with an infrared 
lamp or at 44-47 'C ('[able 5). 

Comparison of random grains and selected 
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Table 5. Effects of indirect and direct methods of grain moisture adsorption stress on head rice yield of rough rice and on 
percentabu -.4 cracked brown rice in representative IF1rices. IR R I, 1985-87. 

Season Treatment IR42 IR44 IR36 IR64 IR58 IR6O 

1985 WS Check (oven-dried) 67 
Head rice (%) 

60 52 62 67 70 
Infrared lamp drying 64 44 54 53 58 54 

1986 DS Check (oven-dried) 
Oven drying (44-47 0C) 

64 
55 

42 
39 

40 
31 

66 
60 

67 
61 

71 
69 

1987 DS Check (shade-dried) 40 23 27 54 70 68 
3 h in water 20 17 29 42 b8 62 

1987 DS 0 min soaking 30 
Cracked brown rice (%) 

36 16 12 2 2 
5min soaking 68 48 16 16 4 2 

10 min soaking 88 78 24 72 34 38 

Translucency (%) of brown rice 
1987 DS 49 31 42 55 58 66 

uncracked brown rices for the soaking test showed Croced brown ne (%) 
surprisingly similar varietal differentiation for 100 

unbiased and biased samples (Fig. I). Differentia- Uncrocked sample 

tion, however, tended to be faster for random 80

grains. Correlation coefficients between percentage 
of cracked grains for the 2 sets of samples showed 60 
the best correlation among values for 10-min 
soaking (r = 0.89**) and 5-min soaking (r = 40
0.81 **), and for 10 min of soaking random grains 
and for 15 min of soaking uncracked grains (r 20
0.8 1**) for 28 nonwaxy IR rices. 

)ifferences in susceptibility to grain cracking 0 
under moisture adsorption stress were not simply 100 
related to starch endosperm properties. In fact, the Random sample 

best (1R58 and 11(60) and the worst (IR44 and 80-
IR42) IR rices (Table 5)had high AC and low GT,
 
but variable GC. In contrast, translcencV of - 1R44


60 -~ !R44 
IR64brown rice correlated with head rice yield before V----V 

0 .R60 
(r =0.61 **) and after (r =0.47**) moisture stress 0- R58 

and with percentage of cracked brown rice after 40 
5 min (r=0.42*)and 10 min (r=0.38*) of soaking 
in water. Many chalky grains were thinner, and 20 

soie were misshapen. Indian workers have shown 
that heterogeneity ofendosperm in terms ofchalky 0 5 15"0 510 1
 
and translucent portions contributes to cracks~isepti bi ~.Socking time (mai) 
s-sceptibility. 
 I. Rate oleracking in water of whole and random brown rice ofThe five 1986 Thai deepwater rices were also IR rices differing incrack resistance. IRRI. 1987. 
checked for crack resistance. When brown rice was 
soaked inwater. I.eb Mile Nahng III proved the 
niost resistant and Plai Ngham the most suscepti- of brown rice cracking after _>10 min of soaking. 
ble. Selected 1986 WS samples ofcollected varieties IRGA409 was the most resistant among four 
grown at the Centro Internacional de Agricultura resistant rices, and Araure 2 and CICA8 were the 
Tropical showed varietal differences in the extent most susceptible among three susceptible checks. 
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1R43 was the least susceptible to cracking among 
the sioceptible check. In studies at IRRI, only 
IR43 had moderate susceptibility to cracking. 

Improved gel consistency test (Cereal C/wen-
istrv). In the standard method, variable data are 
obtained in GC values of samples of medium GC 
such as IR36. Hard values are obtained for 1R36, 
which can be classified as medium by reducing 
sample weight to 85-90 mg. Cooling the gel for 25 
min at 27 'C instead of in an ice-water bath 
differentiated the IR36 sample from IR42 in the 
1986 WS pair, but not in the 1987 DS pair (Table 
6). Softer values were also obtained for I R62. C4-
63G. and IR64. Using larger (16 X 150 mm) tubes 
improved the sensitivity of differentiating hard-GC 
1R42 from mcdium-CC IR36, but could not 
di'thentiate between soft and medium GC.Instron 
cooked rice hardness of high-AC rices, however, 
showed similarly softer values for medium- and 
soft-GC than for hard-CC samples. Harder gels 
were obtained in 0.15 N KOH than in 0.2 N KOH 
despite the higher rice concentration. Interestingly, 
Akibare showed harder gels than Milyang 23, 
except in the larger tube using 0.15 N KOH. IR42 
in 1986 WS and IR36 in 1987 DS were difficult to 
distinguish except also in 0.15 N KOH. The use of 
145 mg flour in 3ml 0.15 N KOH in the larger tube 
gave the best overall GC differentiation. 

Amylose content (Cereal CGhemistr'r). Recent 
studies have shown that colorimetric amylose 
assay overestimates true AC because I) higher 
iodine complcxing of high-AC rices is due to 
amylopectin-iodine complexing from the longer
chain fraction, and 2) the potato amylose standard 
is only about 80%,pure. However, because of the 
widespicad use of the colorimetric amylose values 
since the 1960s, the method should be continued 
but termed "apparentamNlose." Using the amylose
amylopectin standard and assuming 90% starch in 
milled rice dry weight have resulted in values as low 
as 24% for some high-AC (>25%) samples. Recent 
studies showed that the green color obtained with 
iodine using acetate buffer in the standard proce
dure was due to excess iodine, which is readily 
degraded at alkaline pH and results in a blue color. 

Considering our experiments over the last few 
years, we recommend using a simplified amylose 
assay, but neutralizing the alkaline milled rice 
suspension with acetic acid before adding iodine 
reagent, and using potato amylose and waxy rice 
(amylopectin) for the standard curve. The total 
starch content of milled rice should be reduced 
from 90% to 70% on a dry basis in the standard 
mixture by reducin, amylopectin to conform with 
amylose values from the original Williams proce
dure. To obtain more accurate results in research 

Table 6. Effect of room-temperature cooling, use of a larger tube, more gel, and 0.15 N KOH on the gel consistency
readings of selected milled rice flours. IRRI, 1937. 

Gel consistency (mm) 

Sample Standard 
Room-

temperature 
Room-temperature

cooling and 
procedurea cooling 16 X 150 mm tube 

IR42,1987 DS 27 28 14 
1R42, 1986 WS 27 44 22 
IR36, 1987 DS 27 41 28 
IR36,1986 WS 32 83 49 
IR62 34 86 62 
C4-63G 44 80 64 
IR64 53 100 66 
Akibare 34 32 24 
Milyang 23 42 58 54 
IR65 86 88 79 
Malagkit Sungsong 82 94 76 

LSD (5%) 5 9 12 

16 X 150 mm tube, room-temperature
cooling 

145 mg flour/ 
3 ml 0.15 N KOH 

150 mg flour/ 
3 ml 0.2 N KOH 

20 36 
41 94 
54 86 
60 127 
84 134 
82 122 
82 132 
91 68 
88 86 
89 101 
96 101 
8 5 

a00 mg flour in 2.0 ml 0.2 N KOH in 13 X 100 mm tube, and 0.2 ml 0.025% bromthymol blue In 95% ethanol; 0.3 ml 
dye solution for 145-150 mg flour. 
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studies, samples should be preferably defatted with 
95% refluxing ethanol rather tha-,usc undca.cd 
check samples of known defatted milled rice 
amylose as standards. 

(iRAIN (t3AIII YAND NITRIlIONAIL FACTORS 

Cereal (Jelnistiv*, Agricuiural Ecottoniics, and 
lahlt Ireedingl)eplritmems,and Rice Farnting 
Stleis Prograin 

Country samples (Cereal Chemistry).Cooperative 
analysis of national samples from 6 countries was 
undertaken as part of the periodic assessment 
(every 5 yr) of their quality characteristics (Table 
7). 1--gyptian rice e, showed mainly the typical short 
grain type except for one line. More intermediate-
and high-AC lines were included, but all had low 
(il. Higher-AC rices tended to have harder GC 
and higicr cooked rice hardness values. 

French varieties showed a narrow AC range of 
19-21(;j, except for Arlesienne with 25"i amylose. 
All had low GT,and medium GC corresponded to 
the higher AC samples. LWR was variable. Mara-
thon had 4.9V protein and Stirpe 136-7T 5.2 :. 

Philippine traditional lowland varieties were 
variable in starch properties but were mainly 
intermediate AC. Two each of the six waxy rices 
had the three GT types. Two had red pericarp and 
two others (waxy) had purple-black color. The 
samples also differed widely in protein content, 
cooked rice hardness, and LWR. 

Rices from Sierra Leone were predominantly 
high AC, intermediate GT,and hard to medium 

(C. All four low AC rices had high intermediate 
OT. They- had wide rangc.; of protcin content, 
cooked rice hardness, and LWR. 

Spanish rices were similar in grain properties 
except for the wide range in protein content. No 
long-grain varietN was represented. 

Rices from the USSR had low AC, but the 3 
with lowest AC (16%) had high intermediate GT. 
Variety Kulon had the longest grain (5.9 mm). 

Market saml)es (Cereal ('hwnistr and Agrictul, 
rural Eono1mic's). Market samples were obtained 
from the Philippines and Madagascar in coopera
tive studies with agricultural economists on con
sumer demand for rice grain quality. Madagascar 
rices are discus;ed in the section on Cooperative 
Country Projects. The samples had 5-14% protein, 
and many were red pericarped and undermilled. 
The Philippine samples were obtained in Nueva 

Ecija, Manila, Ccbu, Iloilo, Davao City, and 
Cotahato. The )Ssamples obtained had predo
minantly high AC. followed by intermediate-AC 
or waxy rice, except in Iloilo, where intermediate-
AC rices predominated. Waxy rices were called 
Malagkit or lPilit. Purple-pericarped Tapol waxy 
brown rice was marketed in Cebu and Mindanao; 
it gave Kett whiteness readings of only 7-12%. Two 
apparently low-AC rices with 4 and 17% AC were 
represented only in Iloilo and were actually a 
mixture of waxy and nonwaxy grains. Head rice 
had an overall range of 20-95% and tended to be 
higher for waxy rices. 

Thai export rices (n = 98) were collected in 1986 
for quality evaluation. Milled grain lengths were 
(.3-7.3 mm and widths 2.0-2.3 mm, except for a 

Table 7. Range of milled rice properties of national variety samples. IRRI, 1987. 

Country 
Samples

(nu.) 
Amylose
content a Gelatinization 

temperature b Gel 
consistencyc 

Protein 
t%) 

Cooked rice 
Instron 

hardness 
(kg/7 cm 2 ) 

Length-to
width ratio 

Egypt 3 varieties L>H L>l S>H 6.5- 8.6 
9 lines L, I>H L S,H 6.6- 9.7 

France 11 varieties L>l L M, S 4.9- 7.8 
Philippines 20 varieties I>Wx>H>L L>I>HI H>M>S 8.2-12.6 
Sierra Leone 40 varieties H>L, I 
Spain 5 varieties L 
USSR 10 varieties L 

awx = waxy (0-20%), L = low (10-20%), 
L = low (6-7), I = intermediate (4-5), HI 
hard (27-40 mm). 

I>L>HI H>M, S 5.3- 9.0 
L S 6.4- 9.0 
L>HI S>M 5.7- 7.4 

I = intermediate (20-25%), H -- high (>25%). bBased 
= high-intermediate (3). cs = soft (61-100 mm), M = 

6.0- 8.5 1.7-2.0,2.7 
5.7-11.2 1.7-2.3,3.0 
5.4- 8.0 1.6-2.6 
6.2-11.7 2.0-3.7 
5.6-10.6 1.8-3.4 
5.5- 6.3 1.7-2.3 
6.4- 8.4 1.5-2.2 

on alkali spreading value: 
medium (41-60 mm), H = 

http:undca.cd
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few short-grain rices, which were 6.0-6.6 n long 
and 2.1-2.6 mm wide. Protein contnt Wis 5.5-
8.(/j. Nonwaxy, nonaromatic rices were mainly 
intermediate- and high-A" samples, except for one 
sample with low A('. Aromatic rices (jasmine rice) 
were mainly low A(cexcept for one high AC out of 
litle samples for whole grain and one each of 
intermediate and high A( out ot seven broken 
sailpies. Waxy rices had either long or short 
grains, but all were still -6 mm long. Brown rice 
samples were represented. P'arboiled broMn rice 
had the lowest Kett whiteness values of 13-15(, 
followed by parboiled milled rice (17-25(l j), raw 
brown rice (23-24"j). raw milled rice (35-46(4), and 
waxy milled rice (46-50Wi). 

Two milled rice samples 'fI ,hi-grown Basmat i 
rices were assessed for grain qLunality. The samples 
had properties similar to those of Punjab-groks:i 
Basmati in)terms of aroma, ainylose content, grain 
length, and elongation doring cooking. They were 
somewhat undCrmillCd and had variable endo-
sperm chalkiness. with iigher (iT and harder GC 
than Pakistani Basliati rice. 

Artificial yellowing of rice grain ( (erval 
Cheml'trir). Additional studies were undertaken 
on varietal diflerences in yellowing of moist rough 
and miiilled rice at 60 O( tising suirface-:Mterilized 
grai us il vials. Four-day storage resulted in 
increased yellow and red grains for all 6 rices at all 
moisttll'c contents (12, 14, 16, 18, and 20V(). hUt a 
decrease it whiteness value of brown rice occurred 
at 14( *Moist Ur a R higher. Varietal differences in 
degree of yellowing were mnt simply related to AC 
and (il (Table 8). )aily sampling of IR64 rough 
rice showed that most of the color changes 

occurred within the first 2 d of treatment at 14(%j, 
moisture but continued, particularly at 20(% 
moisture. Actual grain temperatures were no 
higher than 64.9 'C. indicating some grain heating 
during incubation at 60 'C. Yellow colors of brown 
and milled rices were highly correlated (r = 0.91 
n= 21). Similar relative color changes were noted 
for stored milled rice of three varieties. 

K.tt whiteness values (17-24(i )correlated signi
ficantly with whiteness by the Minolta Chrorna
meter (59-66%Y) for brown rice (r=0.91**,ni=21). 
Corresponding values were ,1-46% and 69-76% for 
milled rice (r= 0.90**, i = 49). 

Rices with similar starch properties (Cereal 
(Iu'nmItr i). Tlhree pairs of rices with similar starch 
properties previously assessed by American and 
European panels for cooked rice properties were 
assessed by a Filipino consumer panel at the 
Human Nutrition and Foods Department, College 
of Human l'cology, IJP1.B. The pairs could not be 
rCadilydistinguishCd by currcnt screening methods. 
The panel showed atpreference for low-AC over 
intermediate-A(' rices (Table 9). Low-AC Milyang 
23 rated highest in both raw and cooked forms and 
was preferred to Akibarc. Koreans prefer Akibare 
to Milyang 23, ,eflecting the preference by Fili
pi nos for a less sticky rice than the japonica variety 
Akibare. Milyang 23 is an indica/japonica rice. 
I R64 was whiter than C'4-63(i and was preferred to 
('4-63(; despite its higher AC. In an earlier panel 
evaluation in Batangas, Philippines, consumers 
also preferred low-AC rices to C4-63G. Panelists 
again preferrcd tie traditional aromatic variert 
Malagkit Su,ngsong to IR waxy rices, particularly 
as .vman mi antala. Malagkit Sungsong has a 

Table 8. Changes in Chromameter white (L), yeIlow (a), and red (b) values of brown rice from rough rices stored at 60 0C 
at 14% moisture for 4 d. IRRI, 1987 WS. 

Milled rice White (L) Yellow (a) Red (b)
Variety 

AC GT Check Stored Check Stored Check Stored 

IR43 17 L 59.5 57.1 17.3 18.3 1.9 2.9
IR48 24 L 58.9 58.0 16.2 18.0 0.5 1.8
IR64 23 I 63.2 61.3 16.7 18.0 -1.2 1.7 
IR42 26 L 58.7 58.2 17.2 19.3 1.8 2.8 
IR32a 26 L 59.7 57.5 ": 4 17.7 2.1 2.7 
IR60 27 I 59.0 57.7 i-.5 19.0 2.2 3.6 

LSD (5%) 0.3 0.1 0.06 

aCT was atypical of IR32. 
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Table 9. Physicnchemical properties of milled rice of 3 pairs of varieties with similar starch properties and of IR29. College 
of Human Ecology, UPLB-IRRI, 1986-87. 

Length- Apparent Alkali Gel Cooked rice Mean panel scorea 
Sample to-width amylose content spreading consistencyratio W% value (ram) Hardness Stickiness Raw Cooked(kg) (g/cm) 

Nonwaxy
 
Akibare 1.7 19.2 7.0 34 6.2 49 -0.32 b -0.10 b 
Milyang 23 2.4 19.6 7.0 42 C.0 45 0.40 a 0.46 a 
C4-63G 3.2 20.6 3.0 44 7.3 20 -0.27 b -0.53 c 
IR64 3.3 23.2 3.0 53 6.7 18 0.19 a 0.17 ab 

Waxy 
Malagkit Sungsong 1.7 1.1 6.2 82 3.0 38 0.28 a 0.54 a 
IR65 3.1 1.7 6.8 86 4.4 70 0.14 a -0.31 b 
IR29 3.1 2.0 7.0 99 3.0 74 -0.42 b -0.23 b 

LSD (5%) 0.4 7 

aBy 30 Filipino consumer panelists. Means were calculated based on 1 1.03, 2 = 0.30, 3 -0.30, and 4 =-1.03 for non
waxy set of 4 samples and 1 = 0.85, 2 = 0, and 3 = -0.85 for waxy set of 3 samples. Means in the same column and rice 
type followed by the same letter are not significantly different at the 5% level by DMRT. 

shorter, bolder grain, is aonlatic, and results in a 
tacky stmian sa atala.The results verified the 
inadequacy of present screening methods to detect 
quality differences among rices of similar starch 
properties, 

Rice products (Cereal CIemit-tr 'v). Parboiled 
,ice. In 12 rices parboiled for 30 min at 100 0Cand 
for 10n)inat 120and 127°C, apparent AC was the 
major factor influencing properties such as brown 
rice bending haidness, head rice yield, equilibrium 
water content, GC, gel viscosity, and cooked rice 
hardness and stickiness. GT was an important 
factor only in rices parboiled at 100 'C, probably 
because it affected the parboiling rate at that 
teniperattie. Differences in degree of parboiling 
because of differences in GT resulted in different 
relationships of parboiled rice properties to raw 
rice quality factors on samples parboiled at 100, 
120, and 12/ 'C. Amylograph viscosity decreased 
with increasing severity of parboiling. Thus, raw 
rice quality factors, particularly apparent AC, may 
be used to index parboiled rice quality in breeding 
programs. 

The GC of brown and milled rice in 0.2 N KOH 
was confirmed to soften on parboiling. Differences 
in gel viscosity were present even after defatting or 
dispersion in 90(N dimethyl sulfoxide, suggesting 
that starch decomposition rather than undispersed 
starch fraction (amylose-lipid complex or retro-
graded starch) was the cause of reduced gel 
viscosity. 

Undigested siarch in tapuiv fermentation. In 
earlier studies, the starch content of residual mash 
from tapuy fermentation was 1.4-1.9% in waxy 
rice, 4.2-18.6% in low-AC rice, and 30.5-38.2% in 
intermediate- and high-AC rice. AC in dry residual 
mash also increased with AC of milled rice (r = 
0.88**, n = 10) and corresponded to 58-92% of 
mash starch content (mean 73%). Results con
firmed that amylopectin is more digestible or 
fermentable than amylose during tapui' fermenta
tion from boiled rice. 

Starch studies(Cereal Chemistr').Leaching out 
of starch during cooking was studied on purified 
rice starch gran -s differing in AC and GT. 
Results confirmed that amylose rather than 
amylopectin was preferentially extracted during 
cooking. Sepharose CL-2B fractionation of whole 
starch, and hot-water-soluble and insoluble frac
tions of high-AC rice starches differing in GC 
confirmed this observation (Fig. 2). Amylopectin 
(V/ Vo = I) eluted ahead of amylose (V/ Vo = 2-3) 
on gel filtration (where Vo = void volume and V = 
sample elution volume). Hard-GC IR42 had a 
major V! Vo 1.5 peak in the water-soluble fraction. 
All fractions stained blue with iodine, with amylo
pectin sometimes giving a purplish blue color. 

Protein studies (Cereal Chemistry). Variety 
identification. The applicability of reversed-phase 
high performance liquid chromatography (H PLC) 
of brown rice prolamins developed on US rices for 
variety identification was studied on milled rice 
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samples of IR2071 sister line varieties IR36 and 
IR42, in cooperation with chemists at the United 
States Department of Agriculture (USDA' U.S. 
Grain Marketing Research Laboratory, Manhat
tan. Kansas. I R36 and IR42 HPLC patterns (Fig. 
3)were consistently different in samples from three 
locations in the Philippines in icaks a-d. The 
method, however, cannot be used for classifying IR 
varieties into groups with similar genetic back-
grounds as was done earlier for US rices. 

Explorattory studies were also undertaken by 
chemists at the USDA Northern Regional Re-
search Center, Peoria, Illinois, on reversed-phase 
HPIC of sodium dodecyl sulfate-thiol extracts of 
whole protein of milled rice fluur from Beaumont, 
Texas, and IRRI for variety identification. Most 
varieties can be identified by reversed-phase 
HPLC, but problems requiring prior solution were 
changes in chromatogram pattern 1) during 
storage of protein extracts for a few days, and 2)by
defatting with I-butanol. Rice proteins were 
unusually more difficult than wheat proteins to 
fractionate by reversed-phase HPLC. 

Propanol as prolamn e.'tractant. The solvent 
55% I-propanol had been reported to be a better 
extractant of prolamnin (alcohol-soluble protein) 
than 70% ethanol. Confirmation on 1R36 and 
lR42 brown and milled rices showed 5-6% pro-
lamin in total protein using 55% -propanol 
instead of 3% using 70% ethanol by direct 
extraction from the grain flour. Sodium dodecyl 

Protein concentration (obscrbance at 210 nm) 
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Elution time (mini 
3. CI 8 revrsed-phase high performance liquid chromattograpiy patterns of'70 (eithanol prolamin extract of IR42 and 
1136 milled rices. J.S. Grain Marketing Researchl.aboratory, 
Manhattain, Kansas. and IRRI, 1987. Letters refer to band 
names. 

sulfate-polyacrylamide gel electrophoresis showed 
mainly the molecular weight 16,000 subunit of 
prolamin and a reduction of this contaminant 
subunit in glutelin. 

Thiamine and riboflavin in brown rice (Cereal 
Chernistryr and Plant Breeding). IR brown rices 
from 1987 DS and five pigmented traditional 
Philippine lowland rices from 1986 WS were 
analyzed for thiamine (vitamin BI) and riboflavin 
(vitamin B2) (Table 10). 1R varieties overlapped in 
thiamine content with pigmented rices but had 
lower riboflavin levels than colored rices, parti
cularly purple rices. IR8 brown rice had the highest 
thiamine content, and IR56 brown rice had the 
highest riboflavin level. Vitamin levels were not 



GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 53 

Table 10. Rangea of BRP, and thiamine and riboflavin content of brown rice of 30 IR rices and 5 traditional Philippine 
lowland varieties. IRRI, 1987. 

Brown rice Peiicarp color Crop 

30 IR varieties White 1987 DS 

1987 WS 

Azucena Red 1986 WS 
Carreon Red 1986 WS 
Makapilay Pusa Pink 1986 WS 
Pirurutong Purple 1986 WS 
Tapol Purple 1986 WS 

LSD (5%) 

avalues in parentheses. 

significantly correlated with BRP in the IR rices, 
but BRP and riboflavin levels became significantly 
correlated (r = 0.66**) when the higher BRP 
pigmented rices were included. In the WS crop, 
lR58 had the highest thiaminc content and IR56 
had the highest riboflavin level. Thiamine and 
riboflavin levels were not correlated in both crops. 
Thiamine levels were positively correlated in the 2 
crops (r = 0.38*), and so with riboflavin level (r = 
0.49**). Season had no effect on thiamine content, 
but riboflavin content tended to be higher in WS. 

Nutritional properties of additional nonrice 
crops (Cereal Chenistr*' and Rice Farming Srs-
tems Program).Five additional legumes and proso 
millet from the Asian Rice Farming Systems 
Network (ARFSN) were analyzed for nutritional 
composition. All legumes were low yielding (Table 
I1). All were low in fat content, but legumes had 

Brown rice 

BRP W Thiamine Riboflavin 

(jug/g) (Wig/g) 

7.5 3.6 0.75 
(6.6- 8.9) (2.9-5.2) (0.52-0.90) 
8.6 3.6 0.81 
(7.7-10.0) (2.6-5.2) (0.64-0.98) 
10.4 4.2 0.82 
10.1 3.3 1.05 
11.2 4.2 1.32 
12.3 3.6 2.67 
10.5 4.6 4.03 

0.7 0.23 

higher protein content than proso millet. Bambara 
groundnut had higher energy content than the 
others, probably because of its higher fat content. 
All legume proteins were adequate in lysine, and 
only moth bean protein was deficient in the sulfur 
amino acids cysteine + methionine. Proso millet 
protein was deficient in lysine, which is typical of 
cereal protein. 

BY-PRODUCTS AND RESIDUES 

Cereal Chemistry and Rice Farming Systems 
Program 

Straw protein in farmers' fields (Cereal Chemistrv 
and Rice FarmingSystems Program).Rice straw 
samples in the ARFSN in Santa Barbara, Panga
sinan, were collected in 1986 WS from cooperator 

Table 11. Grain yield and grain properties of 5 legumes and proso millet. IRR I, 1987. 

Crude Crude Energyb Lysinec Cysteine +
Cropa Samples Yield Moisture fat protein c-itentb(no.) It/ha) %) 1%) (g/16 g N) methionineM!kJ/g) 1%) (g/16 g N) 

Bambara groundnut 5 
Black gram 5 
Common bean 5 
Moth bean 3 
Tepary bean 4 
Proso millet 4 

LSD (5%) 

- 15 3-4 17-19 17.5 7.9 3.5 
1.0-1.3 15-17 1 24-25 16.0 7.5 3.6 
0.7-1.0 15 2 15-20 16.2 7.6 3.6 
1.9-2.0 11-15 1 20-22 16.5 7.7 2.9 
2.1-2.6 14 2 15-17 16.3 7.6 4.0 
1.3-2.1 14-15 1-2 10-11 16.4 2.1 6.6 

0.2 0.2 0.1 0.2 
aVoandzeia subterranea (L.) Thouars, Vigna mungo (L.) Hepper, Phaseolus vulgaris L., Vigna aconitifolia (Jacq.) Marichal, 
Phaseolus acutifolius A. Gray, and Panicum miliaceum L., respectively. Mainly 1985 DS crop. bMean of 2 samples with 
extremes ;n crude fat content. CMean of 2 samples with extremes in protein content. 

http:0.64-0.98
http:0.52-0.90
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Table 12. Protein content of total straw of'medium- and 
early-maturing varieties in farmers' fields in the Asian 
Rice Farming Systems Network, Santa Barbara, Pangasi-
nan, Philippines, 1986 WS. IRRI, 1987. 

Straw protein content 
Variety Samples (% N X 6.25)(no.) 

Range Mean 

Medium-maturing 
IR5 1 4.6 4.6 
IR42 15 3.1-6.6 4.7 

IR48 6 
 3.2-5.4 4.3 
Milagrosa 1 3.6 3.6 

Early-maturing
IR36 8 4.5-6.1 5.1 

IR54 1 5.6 5.6
IR60 
 10 4.1-5.6 4.8
IR62 4 
 41.2-5.1 4.7 

IR64 9 3.8-5.0 4.6
 
IR65 3 3.6-5.6 4.4
 

farmers who planted early- and medium-maturing 
rice varieties, and were analyzed for prctein con-
tent. No very early rices were represented. Noclear-
cut trend occurred between growth duration and 
protein content of straw (Table 12). Only one 
sample each of IR36 and IR42 exceeded 6% 
protein, the minimum feed protein content re-
quired to maintain ruminants, 

Cl.emical studies on straw (Cereal Chenisry). 
The cutin (surface wax) content of rice hulls (dry 
basis) was estimated as 6.7% for lR29 and 5.7% for 
IR32. These values were higher than those we 
reported for rice straw (2.0-2.8% dry basis). 
Cooperative study of the chemical composition of 
harvest IR36 straw fractions at the Department of 
Biochemistry, La Trobe University, Victoria, 
Australia, confirmed glucose and xylose as the 
major sugars of nonstarch polysaccharides (Table 
13). Methylation and acetylation-methylation 

Table 13. Chemical composition of harvest llP36 rice 
straw fractions. Department of Biochemistry, La Trobe 
University, Victoria, Australia, and IRRI, 1987. 

Composition 
(%dry basis) 

Constituent 
Leaf Leaf Stems 

blades sheaths (culms) 

Crude fat 5 2 2
 
Free sugars (glucose) 5 3 4
 
Free phenolics (p-coumaric acid) 2 1 1
 
Starch 
 0.4 0.6 0.4
 
Nonstarch polysaccharides 34 42 44
 

Arabinose 2 2 2
 
Xylose 10 12 13
 
Galactose 3 3 2
Glucose 17 23 25
Uronic acids 2 2 2
 

studies showed glycosidic linkage mainly at the 
C4-position in both glucose and xylose in non
starch polysaccharides of all straw fractions. 

Feeding trials straw (Cereal Chetnistr'1). Two 
feeding trials, using growing grade beef cattl 
(Brahman/native) at the Institute of Animal 
Science, UPLB, determined the relative fez. value 
of lR36 and IR58 harvest straws and lR36stubble. 
IR36 and IR58 were grown in 1986 DS and had
 
similar in vitro dry matter (44-49%) and organic
 
matterdigestibilities(49-52%). In trial I, ad libitum
 
da~ly roughage dry matter intakes of 4 cattle for 25
 
d were 68.0 g/kg W0.75 metabolic body size for
 
IR36 straw and 69.8 g for IR36 stubble and were
 
highly significantly higher than dry matter intake
 
of 57.8 g for IR58 straw. Aconfirmatory ad libitum
 
trial on 5 cattle for 38 d also showed higher dry
 
matter intakes of 96.6 g/kg W° 75 for 1R36 straw 
than the 85.6 g for IR58 straw. Concentrate intake 
was at about 1%of live weight. 
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blight (BB) resistance to 2 races of XanthomonasIRTIP DISEASE RESISTANCE TRIALS campestris pv. or'zae (Xeo)--race I and 2 
hInernational Rice Testing Program and Plant (Table 3). These materials included not only those
Pathologi'Department from IR R I, but also those from national programs. 

Partial resistance (Plant Pathology). VaryingDisease evaluation resulIts obtained from the 1986 methods were used to compare the BB resistance of
International Rice Testing Program (IRTP) disease a number of moderately resistant (MR) and
screening nurseries were analy,ed in 1987. The best moderately susceptible (MS) cultivars (Table 4).performing entries across locations are indicated in Lesion extension on 55-d-old phnts following
Table I. Entries in IRTP yield nurseries that were clip-inoculation appeared to be linear, beginning at
rated resistant to specific diseases at certain 4-5 d after inoculation (1)AI) and continuing until
locations are given in Table 2. More detailed the lesion had reached the leaf sheath, or until the
information on IRTP disease nursery results is leaf was senescent. Lesions extended faster ongiven in the IRTP section of this report. highly susceptible cultivars than on MR cultivars. 

Bacterial counts from expressed leaf sap of 
infected leaves showed that clip-inoculation depo-BACTIERIAI. BI.IGH I sited about 2 X 104 colony-forming units (CFU)/

Plant Pathologi andI PlantBreeding Depariments, cm leaf width and increased to about ' 5 X 10)
Interliational Rice Germplasm Center,and Iter- CFU/cm by 5 DA. Bacterial populations did not
national Rice Testing Program increase farther in the next 6 d, until I I DAI. The 

highly susceptible TN and 1R9101-L showedScreening (Plant Pathology, Plant Breeding, higher concentrations of bacteria per leaf than 4
International Rice Gerinplasm Center, andI hIter- M R cultivars at I I DAI.
 
national Rice Testing Program). In 1987, we 
 The incidence of symptoms in small (100-hill)
screened a total of 61,382 rice entries for bacterial screenhouse plots was measured throughout the 

Table 1. Best performing entries in the 1986 disease nurseries. 

Nurserya Entries rated resistant 

International Rice Bacterial Blight Nursery Kuntlan, BR161-2B-53, BR51-282-8/HR29,
(27) IR54, RP2151-173-1-8, RP2151-192-1,
 

RP2151-192.2-5, RP2151-33-2, RP2151-40.1
 
International Rice Blast Nursery 
 Raminad Str. 3, IRAT146, Iri 370, Tetep,(20) IR 17525-7-19-1-3-3-2, IR27325-27-3-3, 

IR31892-100-3-3-3-3, IR31892-46-3.2, 
IR32429-148-1-3.3, IR32799-107-3-3.2, 
IR32830-23-2-2, IR34583-19-3-3, 
IR37704-131-2-1-3-2, IR39326-146.3-1-3, 
IR39326-9-2.2-3, IR39422-75-3-3-3-2, 
IR39423-125-1-2-2, Milyang 82, Sangju 4, 
IRAT144International Rice Tungro Nursery Field Greenhouse(9) BR1356-32-1-3 ARC11554 
BR308-B-2-3 Tilakkachari 
IR28228-119-2-3-1-1 IR29723-17-3-2-1 
IR28228-12-3-1-1-2 IR29725-109-1-2-1 
IR29725-109-1-2-1 
DM25 
IR28228-96-3-2-1-3 
IR28238-109-1-3-2-2 

International Rice Ufra Screening Set Bazail 65, CNL319, CNM539, Karkatl 161,(2) NC487-77 
a Number of trials is indicated in parentheses. 
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Table 2. 1986 IRTP yield nursery entries rated resistant to various diseases at sites with high disease pressure (location 
average >5.0). 

Disease Nursery a Location Eit: iesb 

Leaf blast IRYN.VE Los Baros, Philippines :R31775-30-3-2.2.2, IR39357-133-3-2-2.2, 

IRYN-E Los Baibos 
Lu Hong Zhao 
IR29658-69-2.1, IR31802-48-2.2-2, 

IRYN-M Bumbong Lima, Malaysia 
IR31868-64-2-3-3.3, IR32843-92-2-2.3 
IR28224-3-2.3-2, ITA123, P1274-6.8M.1-

Los Baios 
3M-1, IR31809-83-3.2-2 
IR28224-3-2-3.2, IR31809-83-3-2-2, 

IURYN-E 
IURYN-M 
IRRSWYN-E 

Los Bahos 
Quintana Roo, Mexico 
Los Baflos 

ITA123, P1274-6-8M.1-3M-1 
IRAT1 10, N22 
BR319-1, IR5931-113-1 
IR5853-198-1-2 

Neck blast 
IRRSWYN-M 
IRYN-E 

Los Baios 
San Dionisio, Philippines 

Mat Candu 
DR33, IR13240-108-2-2-3, IR13524-21-2. 

IRYN-M Pusa, India 
3-3-2-2, IR31805-20-1-3-3, S287b-39.1-3 
BG380-2, BR4-34-13-5, BW293-2, C1333
4, DR31, IR1P349-135-2-3-2-1, IR28224. 

Bacterial blight 
IURYN-E 
IRYN-VE 

Santo Tomas, Philippines
Milyang, Korea 

3-2-3-2, ITA123, OR447-20 
RAU4008-4, Dinalaga 
IR39357-91-3-2-3, IR39357-133-3-2-2-2, 

Chainat, Thailand 
Comilla, Bangladesh 

Cl 158-7, IR31779-19-3.3-2.2 
Cl 158-7, IR31779-19-3-3-2-2, IR39357-

Mingora, Pakistan 
133-3-2-2 
BR203-193-1 -J/1, BR4-9-16-3-1, 
IR31787-16-1-2-3-2, IR39357-91-3-2-3, 

IRYN-E Bumbong Lima 
Wei You 64 
IR28128-45-3-3-2, PDR76-D1O-D8-D1, 

Los Bahos 
Chainat 

SPR LR76102-26-1-1 
Chianung sen yu 26, IR32419-81-2.3.3 
C662083, IR32429-122-3-1-2, 
SPR LR76102-26-1.1 

Comilla, Bangladesh Chianun0 sen yu 26, IR31805-20-1-3.3, 
IR31868-64-2-3-3-3, IR34615-4-2.3, 
PDR76-D10-D8-D1 

Joydebpur, Bangladesh PUR76-D10-D8-D1 
Kankai, Nepal IR31805-20-1-3-3, IR32419-81-2-3-3, 

Mingora, Pakistan 
SPR LR76102-26-1.1 
Chianung sen yu 26, C662083, DR33, 

IURYN-E Los Bailos 

IR31802-48-2-2-2, Lu Chao 1, 
MTU5410-14 
IRAT110, CR155-5029-216, IR19793-25. 
2-2, IR25588-7-3-1, IR9761-19-1 

IRRSWYN-M 

Cuenca, Philippines 
Santo Tomas 
Comilla, Bangladesh 

IR10198-66-2, IR25588-7-3-1, NDR83 
IR10198-66-2, N DR84 
BRB8-2B-74, BR222-B-358, BR51-74-6/J1, 
IR21037-2-1-2E-P1, KDML65-GU45-45, 

Kankai, Nepal 
Mat Candu, RP1057.184-5-3.2 
BRB8-2B-74, BR222-B-358, IR13610-72-

Rice tungro virus IRYN-VE Los Bai~os 
2-2E-P2, RP1057-184.5-3-2 
IR13539-100-2.2-2-3, IR31779-19-3.3-2.2, 
IR32429-47-3-2.2, IR39357-133-3-2-2-2, 

IRYN-E Bumbong Lima 
IR50 
IR28128-45-3-3-2, ',R34615-4-2.3 ,IR36, 
S287b-39-1-3 

Joydebpur IR13240-108-2-2-3, IR36, PDR76-D1 0-

IRYN-M Bumbong Lima 
D8-D1, UPLRi4 
IR28224-3.2-3.2, IR28228-12-3-i.1-2, 

Los Baibos 
IR35353-94-2-1-3, IR42, S512b-1 99 
IR29723-143-3-2-1 

Continued on next page 
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Table 2 continued 

Disease Nurserya 

Sheath blight IRYN-VE 
IRYN-E 
IRYN-M 
IURYN-E 
IURYN-M 
IRRSWYN-M 

Sheath rot IRYN-VE 

IURYN-E 

IURYN-M 

Brown spot IRYN-E 

Leaf scald IRYN-M 

Narrow brown leaf spot 	 IURYN-E 
IURYN-M 

Ragged stunt virus 	 IRYN-VE 

Location 

Los BaFios 
Los Balos 
Los Bahios 
Los Bahios 
Los Bafios 
Los Bahos 

Comilla 

Los Bafios 
Cuenca 
Santo Tomas 
Santo Tomas 

San Dionisio 

Barisai, Bangladesh 

Joydebpur 

Ilagan, Philippines 
Ilagan 

Los Bafios 

Entriesb 

IR22107-14-2-1 
DR33, Iri 352 
BR316-15-4-4-1 
IRAT1 10, RAU4004-105 
B3623g-Tb-49, IR43, IR7805-22-3-1 
BR222-B-358, BR51-74-6/Ji, 
IR14497-15-2, IR33421-110-1-3-2 
BR4-9-16-3-1, C1158-7, IR 13539-100. 
2-2-2-3, IR32429-47-3-2.2, IR50 
Kinandang Patong 
CR155-5029-216, IR9761-19.1, NDR84 
N22 
B2992b-Tb-73-4.2-3-3.3.2, IR12979-24-1 
(Brown), TNAU6464 
IR13240-108-2-2-3, IR32429-122-3-1-2, 
IR34615-4-2-3, SPR LR76102-26-1-1 
BW293-2, IR21734-16-3-2-2-2, IR28228. 
12-3-1-1-2, IR42 
IR21734-16-3-2.2-2 
N22 
BR319-1, IR13754.5-2, IR7805-22-3.1, 
IR7835-28-2-4 
IR39385-124-3-3.2-3 

aIRYN-VE = International Rice Yield Nursery-Very Early, IRYN-E = International Rice Yield Nursery-Early, IRYN-M = 

International Rice Yield Nursery-Medium, IRRSWYN-E = International Rainfed Rice Shallow Water Yield Nursery-Early, 
IRRSWYN-M = International Rainfed Rice Shallow Water Yield Nursery-Medium, IURYN-E = International Upland Rice 
Yield Nursery-Early, IURYN-M = International Upland Rice Yield Nursery-Medium. bEntries rated 0-3 for reaction to the 
disease at each location. 

Table 3. Breeding materials and 
IRRI, 1987. 

Nursery a 

IRTP nurseries 

Plant Physiology materials 
Korean lines 

Tissue culture plants 
Shuttle breeding, 1987 DS 

1987 WS 
Wide hybridization, 1987 DS 
Headrows, 1987 DS 

Headrows,1987 WS 

USDA material 

Germplasm bank, 1987 DS 
1987 WS 

Hybridization block, 1987 DS 

1987 WS 


varieties screened for resistance to Xanthomonas campestris pv. ory.,ae races 1 and 2. 

Entries (no.) with given disease scoreb Total 
1 3 5 7 

279 3 3 142 
(22) (12) (16) (379) 

3 20 22 137 
527 2 936 

(21) (1,599) 
54 5 1 

1,128 713 
204 	 421 

309 2 19 
85 6 498 
(3) (27) (4) (560) 

384 10 7 91 
(192 	 (1) (189) 

43 51 113 
(3) (11) 	 (227)


28 34 13 2,278 
320 57 62 3,435 
147 	 115 
(15) 	 (43) 
49 17 20 35 


(43) (58) (63) (62) 

o a
 
c
9 1/7 (no. 

1 428 
(429) 

11 4 197 
85 1,550 

(1,550) 
60 

553 2,394 
127 1 753 

2 332 
9 2 600 

(6) 	 (600) 
492 

(138) 	 (520) 
3 210 

121 (243)
574 2 2,929 

42 3,916 
10 272 

(48) 	 (106) 
121
 
(226)
 

Continued on opposite pale 



Table 3 continued 

Nurserya 

Observational yield trial, 1987 DS 

1987 WS 

Replicated yield trial, 1987 DS 

Irrigated lowland replicated 
yield trial, 1987 LS 

Irrigated lowland observational 
yield trial, 1987 DS 

Upland replicated yield trial 

Upland observational yield trial 

Lowland observational yield trial 

Rainfed lowland observational 
yield trial 

Pedigree nurseries 

Total 
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Entries (no.) with given disease scoreb Total 

1 3 5 7 9 1/7c (no.) 

297 20 11 78 406 
(1) (23) (119) (259) (4) (406)

501 45 10 147 26 729 
(28) (28) (1) (666) (6) (729)
333 7 48 388 
(12) (81) (128) (173) (2) (4) (400)
360 7 4 25 4 400
(19) (30) (118) (224) (9) (400)

491 C3 9 596 
(4) (6) (476) (4) (490)

69 10 20 51 150 
(38) (44) (68) (150)

49 18 59 65 191 
(14) (27) (55) (54) (150)1,220 16 31 151 17 7 1,442

(127) (89) (42) (1,005) (14) (3) (1,280)
(548) (10) (10) (66) (16) (650) 

34,947 4,923 1,973 333 42,176
(5,313) (3,134)

41,825 401 482 14,858 2,831 985 61,382 
(678) (89) (9,214) 

(6,337) (430) (639) (9,114) (714) (309) (17,543) 

61,901 
(17,556) 

aDS = dry season, WS = wet season, USDA = United States Department of Agriculture. bNumber of entries reacting to race
2 is in parentheses. CSegregating. 

Table 4. Summarized results showing moderate resistance to bacterial blight (BB) in 6 rice cultivars, as a ,sassed by the dailyrate of lesion increase, the Xanthomonas campestris pv. oryzae (Xco) counts in expressed leaf sap, and the incidence of
secondary infections. IRRI, 1987. 

Test TN1 IR9101-L IR28 IR40 8R51 Cisadane 

Rate of lesion increasea 2.56 2.07 1.32 1.37 1.58 1.16 
(cm/d)

CFU/leaf X 108 at 12 DAIb 10.0 15.5 5.7 6.5 4.2 2.7Percentage of hills 32.5 37.5 32.3 13.7 27.8 26.6 
with symptomsc 

a5-20 d after inoculation (DAI) at maximum tillering (MT), race 6 Xco isolate (PXO 99) clip-inoculated at 5 X 10' colony
forming units (CFU)/ml, average of 3 replications. Phytotron, 1987 DS. bMT, race 2 Xco isolate (spectromycin-resistant,no. 306) clip-inoculated at 1 X 10' CFU/ml, average of 4 replications. Isolation on peptone sucrose agar + 100 jg spectro
mycin/ml. Greenhouse, 1987 WS. C70 d after seeding (DAS), race 2 Xco isolate (IRN 812) spray inoculated at 20 DAS, 
average of 3 replications. Screenhouse, 1987 WS. 

crop growth period following inoculation I d 
before transplanting. The highly susceptible (HS) 
cultivars TNI and Biplab and the line IR9101-L 
showed equal or higher incidences (percentage of 
hills with symptoms) than MR and MS cultivars 
from 21 until 77 DAI. 

Background res'stance (Plant Patliology'). In the 
Philippines, rice with the Xa-4 gene for resistance 

to race I of Xco is faced with thevirulence of race2, 
the predominant bacterial pathogen. Although 
more than 80% of the rice area is planted to 
cultivars with such resistance, BB has occurred 
endemically in specific localities. The disease has 
not reached epidemic proportions in all areas 
planted to such cultivars. Also, the level of infection 
varies among these cultivars despite their having 
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(he same gene, .\'a-4. for resistance. Research was check. Infection of hills and leaves per hill was 
therefore undertaken to assess the disease resistance measured at three growth stages. The relative 
of these cultivars to hoth virulcnt and avirulent esislance index (RI), proposed to measure (lhe 
laces. I apparlentl\ carrying major genes ICsistanc 01' the test cultivars, was calculated 'in,R24. no 


for 3b resistance, sei\rved atsthe susceptible (S) comparison with the amount oflfiscasc on I R24.
 

Table 5. Flesistance or susceptibility of IR cultivars carrying the Xa-4 gene for BB resistance to 2 races of XanthomIonas 
acarnpestrispv. oryzae at 3 growth stages. IRRI, 1986 DS. 

Hill or leal infection (%) 

PXO 61 	 PXO 86 

Cultivar Early Maximum Early Maximum 
tillering tillering Booting tillering tillering Booting 

Hill 	 Leaf Hill Leaf Hill Leaf Hill Leaf Hill Leaf Hill Leaf 

b

IR24 91.6 29.6 91.6 23.8 52.0 14.8 73.0 23.8 87.6 25.6 75.0 24.0 
IR56 91.6 28.4 87.4 17.0 52.0 9.6 95.8 30.8 91.6 20.0 73.0 13.4 
IR50 45.8 11.4 50.0 5.4 8.2 0.8 98.0 31.8 100 21.4 70.8 16.8 
IR60 43.8 11.8 33.4 3.2 4.2 0.2 91.6 29.2 77.0 14.4 58.4 10.0 
IR42 37.6 11.2 6.2 0.2 - - 70.8 23.0 60.4 12.0 - -

IR22 33.4 7.2 12.4 1.8 --  75.0 25.0 62.4 12.4 - -

IR58 33.4 6.8 18.8 1.8 4.2 0.6 58.4 
 16.8 81.2 20.8 70.8 20.8
 
IR62 27.0 7.4 29.2 3.8 10.4 2.2 68.8 
 17.8 79.0 194 70.8 18.2
 
IR36 27.0 20.8 -- 66.6 85.4
9.6 1.6 0 15.6 16.4 60.4 9.2 
IR20 25.0 7.6 12.4 1.6 14.6 1.8 43.8 22.4 58.4 13.2 56.2 12.0 
IR54 20.8 5.6 35.4 2.2 2.2 0 39.6 11.8 67.6 24.0 60.8 21.8 
IR26 18.8 3.8 6.2 0.6 2.0 0.4 75.0 26.2 64.6 19.8 60.4 18.6 

aMean of 2 replications. bSusLeptible check. 

Early tllering 	 MAoximum illering Booting 

iR24 !IR24 IR24
 
....:: ..+ ,.....
 

..v.. 	 ..........
 

PXO B6 FXO	61 
IR60 

IR56 
IR54* I]R36 

-2 0 2 4 6 8 10 -10 2 4 6 8 10 -1 0 2 4 6 8 10 
Resistance index 

1. Rela ke icsisianc. mde.\ of IR %aiicti"s io races I I X( 6 a[(l 2 f lX( ) lof aximhuoml P1x.N(ampe.siA%61) 
Iorv:eg. based oti hill inftcinas cnntpat cd wit h thai of IR24. the susceptibihk 5ait%.at 3growfth stages. IRRI1.198X7. 
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I)L of I1R24 - DI. of IR cultivar also increased. The data suggest that these cultivarsRI l) possess a distinct background resistance that 
increases as the plant matures. At early tillering,where I. = disease level (%/i.hill or leaf infection). background resistance may not be shown.A wide range of hill and leaf infection per- Lesion expansion of individually infected leaves

centages with the two races was observed aimong was another parameter analyzed to indicate
IR cultivars (Table 5). The infection percentage background resistance. Table 6 shows the resist
%kith a virulent race (PXO 86) was higher than that ance or susceptibility of IR cultivars based on%%ith an avirulent race at both maximum tillering mean lesion area expressed as percentage of relative
and booting. With the avirulent race the means resistance to IR24 measured at 15 DAI at 3growth
were considerably less and were variable . The RIs stages. The IR cultivars showed a high percentage
of these cultivars infected with the avirulent race of relative resistance to avirulent races typified bybased on hill infection also increased as the plants PXO 61 (race I), PXO 112 (race 5), and PXO 71
matured (Fig. I). The Rls with the virulent race (race 4). To the virulent races that matched the 

Table 6. Resistance or susceptibility of IR cultivars based on mean lesion area at 15 d after inoculation, expressed aspercentage of relative resistance compared with IR24,a the susceptible check, to virulent and avirulent races of X. c. pv.
oryzae. IRRI, 1987. 

Relative resistanceb ( 

Cultivar Avirulent race Virulent race 

PXO 61 PXO 112 PXO 71 PXO 86 PXO 79 PXO 99 

20 DASIR26 66.3 a 45.2 a 51.1 a 0.4 b 2 .6 a 0.0 aIR22 63.6 ab 34.9 a 7.5 c 0.0 b -14.2 a 0.5 aIR20 62.9 ab 40.6 a 18.9 abc 2.3 b -6.1 a 5.1 aIR54 61.8 ab 52.7 a 44.5 ab 20.8 ab 7.8 a 1.7 aIR58 61.2 ab 41.2 a 37.8 abc 3.9 b -3.4 a 0.0 aIR48 60.1 ab 40.0 a 40.2 abc 42.8 a 4.7 a 0.7 aIR36 51.2 ab 40.9 a 10.0 bc -0.2 b -8.1 a 0.0aIR42 48.9 ab 43.4 a 16.5 abc 23.3 ab -0.4 a 0.5 aIR62 27.4 b 39.9 a 25.3 abc 18.0 ab 3.8 a 0.0 a 

40 DASIR54 40.9 a 28.1 a 29.7 ab 12.4 a 2.0 a 26.8 aIR26 37.8 a 26.1 a 37.4 a -0.0 ab -1.6 a 15.3 abIR20 36.9 a 23.7 a 23.1 abc 3.8 ab -2.4 a 12.6 abIR58 36.4 a 17.7 a 27.3 abc 7.7 ab -6.6 a 5.7 bcIR22 35.2 a 23.5 a 34.4 a -2.4 b -0.1 a 15.6 abIR48 35.1 a 23.2 a 13.8 bc 10.5 ab 3.6 a 12.5 abIR42 34.4 a 27.9 a 13.6 bc 6.5 ab -4.4 a 6.8 abIR36 34.4 a 20.8 a 20.3 abc -3.6 b -5.1 a 10.1 bcIR62 31.8 a 20.9 a 11.5 c -0.1 ab -8.4 a -2.2 c 

60 DASIR54 19.5 a 19.8 a 19.3 a 11.4 a 7.5 a 20.7 aIR26 19.5 a 19.4 a 18.7 a 0.2 a -1.2 a 14.9 abIR22 19.5 a 20.2 a 13.3 a -0.6 a 3.1 a 8.4 abIR58 18.7 a 19.4 a 1-.;,5 a -0.4 a -0.1 a 7.7 bIR48 17.5 a 15.4 a 12.2 a 6.1 a 7.9 a 11.6 abIR36 17.1 a 13.5 a 9.5 a -2.4 a -3.3 a 4.3 bIR62 16.6'a 18.4 a 7.3 a -0.1 a -2.4 a 11.6 abIR42 16.2 a 16.2 a 9.9 a -1.3 a 0.9 a 10.3 abIR20 13.4 a 15.6 a 16.0 a 4.0 a 4.1 a 8.4 ab 
aEstimated on the basis of lesion area. Within a column for each number of days after seeding (DAS), treatment means 
followed by a common letter are not significantly different at the 5% level by IJMRT. bo = as susceptible as IR24, + = more resistant, and - = more susceptible than IR24. 
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gene Xa-4, the relative resistance percentage was 
low. In all cases, the V X I interaction was not 
signil cant, indicating that background resistance 
apparently does not interact with the races. 

To determine the effect of Xa-4 and the 
corresponding background resistance on selected 
I1, cultivars, the R Isto PXO 61, avirulent to Xa-4, 
and to the virulent PXO 86 were compared. At 20 d 
aftcr seeding (1)AS,, Xa-4 showed its effect as 
indicated by high RI to PXO 61 at different DAI 
(Fig. 2). The background resistance was indicated 
by the RI unmatched by PXO 86. Lesion expansion 
nii,v be a better parameter to detect both the effect 
of' Xa-4 and background resistance at an early 
stage. At 40 and 60 DAS, the lesions ceased to 
expand as the plants matured, and the RI values 
decreased, 

Using lesion expansion as a parameter can 
demonstrate background resistance of'rice cultivars 
to B1. Such measurement may accurately assess 
resistance as the variance seems to be smaller. The 
data also indicate that lesion expansion varies 
among cultivars. These studies suggest that IR24 
may not be the most appropriate S check. Ifa more 
susceptible cultivar is used, perhaps the difference 
may be more evident and the background resist-
ance more accurately distinguished and compared. 

9D41 

IR24 IR24 

,IR54 
....R42 

fl [*iRl 

The background resistance expressed at the 
seedling stage by some cultivars such as IR54, 
IR58, or IR36 may be carriedover to later stages 
(Fig. 3), while in some cultivars such as IR60, 
background resistance may be expressed only at 
later stages. This variation in resistance expression 
according to the growth stage indicates that the 
background conferring added resistance in dif
ferent cultivars may be different. The effect of 
background resistance appears to be partial. 

Response of IR20 and Perum Karuppan to 
varying doses of Xco races (Plant Pathol(Wgv). The 
resistance of leruim Karuppan (PK) was found to 
be similar to that of Zenith and Wase Aikoku 
(Annual report for 1986). We observed that the 
resistance of PK and similar 'varieties to race I at 
different growth stages differs from that of 1R20. 
The effect of inoculum dose on the expression of 
resistance oi PK and I R20 was determined. Using 
six dloses ofinoculum of incompatible isolate PXO 
61 and compatible PXO 86 ranging from a mean 
of3 CFU/ leafto 3.3 X 10 CFU leafestimated I h 
after inoculation -the leaf infection and lesion 
areas of PK were compared with those of 1R20. 
1R24 served as the S check. 

IR20 and PK showed high leaf infection with 
PXO 86 at a mean dose of 1.9 X 102 CFU!Ieaf, 

15 DAI 23 DAI 

1R24 

-1 0 2 4 6 8 10 -1 0 2 4 6 8 10 -1 0 2 4 6 8 10 

Resistance index 

2. Reltive resistance index of IR varieties to races I (PXO 61) and 2(PXO 86) of (uaoiholottascamnwslrispv. ori'-:ae, based on lesion 
expansion as compared with that of IR24, the susceptible variety, at 3 periods after inoculation. IRRI, 1987. 
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Earlti tilenng Ma.mum tllerrng Booting
JR 4 ... r 4
f~t..... IR !4 L edfr .... 
 .. R24,"n...... P 4 .&Of,fco .... ... Ie.. LOI nfe....... 

V,:R56 

N 654 

....:]. . ...... ... 

... . . ...... 
 II IR5 

2 4 6 H- , 2 4 6 - 22 6 8- 2 4 . -- 3 2 4 6 8 -1 0 2 4 6 8 

R.3st nce ,rde 
3. R liti resista ic index selected II varict ies at 3 glt)wthi stlages to raee+; I (PIXO 61) and 2 (I)X() 86) of ,A'tl h/tllo tl. (IIi'SItpl/"l,,p%.ori a . hased on hill and laf inf'ections as compared with those in IR24. IRRI. 1987. 

while with incompatible race PXO 61, leaf infection at 8.2 X 102 CFU/leaf and higher. PK was S to 
was high at 8.2 X 102 CFU / leaf at both maximum PXO 86 at maximum tillering and booting, and to 
tillering and booting (Fig. 4, 5). Lesion areas PXO 61 at maximum tillering only. At booting, 
showed the difference between the two varieties. 
I R20 was S to PXO 86 and resistant (R) to PXO 61 Leaf infection lOo) at 14 DAI 

100 

Leof infection (/) at 14 DAi 
100 80 

80 60 

60 40° 

40 20 

20 a 

Lesion area (%) at 21DAI 
50, . ,
 

oPXO _erng 61maoxium
Lesion area (%) at 21 DAI 8 PXO 86,moximum hillering

40 - 40 ::: PXO 61,booting
--- - - erng

iPX0o6,max-mmirn PXO 86, bootng 

PXO 86, mlximum tlilering

30 - : PX 0 , booting 30 
 I

// PXO86, ootg 

20 - 20 

10- 10 

3 13 52 190 815 3300 3 13 52 190 815 3300 
Mean CFU/leaf I h after inoculation Mean CFU/leaf 1h after inoculatiun 

4. [eat infection and lesion area of IR20 at varying doses of 5. Leaf infection and lesion area offPerum Karuppan at varying
initial inocul, n ;at maximumi tillering and booting, IRRI, 1987. doses of initial inoculun at maximum tillering and booting. 
CFU1 = colony-forming unit. IRRI, 1987. 
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PK was R to PXO 61 even at the highest mean dose 
of3.3 X 103 CFU/leaf, indicating that the resistance 
functions against PXO 61 at booting but not 
against PXO 86, the compatible race. PK appears 

Leafnfecion 1%)at 14DAI 
100 

80-


60-


40 IK 

20 
Wa aeawas 

60 (Y)oa 21DAl 
m rXQC.,..... 
M naximnun hlernrg50 - PX0)PO 86,61,rrg 

Y/' 26O 86, b~Oorl5 

40 

30 

20-. 

0 ... I- 13 

< K 

: ! 

MeanCFUIeaf1hafte inculaianResearch 

6. Leaf infcction and lesion area of IR24, with no known gene 

for H3t resistance, at varying doses of initial inoculun at 
maxintum fillering and booting. IRRI, 1987. 

Table 7. Lesion area and estimates of relative resistance, 

to differ from Zenith and Wase Aikoku, which are 
both R to PXO 86 at booting, IR24 showed high 
leaf infection and lesion area at a mean dose of 1.9 
X 102 CFU/leaf at maximum tillering; at booting, 
these reactions occurred at 8.2 X 102 CFU, leaf 
(Fig. 6). 

The relative resistance of PK and lI120 was 
further estimated by the ratio of their lesion areas. 
IR20 was twice as R as PK to PXO 61 at maximum 
tillering, but at booting they were similar(Table 7). 
The ED511 and the estimated relative potency of 
both varieties pointed to a similar tendency in 

esistance to PXO 61;, again~it PXO 86, the 
difference between IR20 and PK at maximum 
tillcring and booting based on lesion area and EDsa 

not great, as they are both S to the race (Table 

Genetic analysis of moderrite resistance (Pamt 
Pathology). A half diallel of four MR or MS and 
two highly susceptible (HS) cultivars was made. F,plants were clip-inoculated at maximum tillering 

with race 6 isolate PXO 99. Plants were HS in most 
cases (Table 9), indicating that the moderate 
resistance ofthe parents is predominantly recessive. 
Tile four M R cultivars do not appear to have many 
genes for resistance in common. Tile F2 analysis is 
in progress. 

lapan-IRRI collaborative project on bacterial 
blight (Plant Breedingand Plant Pathology'). We 
continued work with the Tropical Agriculture

Center in Japan under a project funded 

by the Japanese Government. See the section on 
Cooperative Country Projects for details. 

median effective dose (ED 5 0), and potency of varieties having 
either Xa-4a (1R20) or Xa-4b (Perum Karuppan) genes for BB resistance to PXO 61 at maximum tillering and booting. 
IRRI, 1987. 

Variety Maximum tillering Booting 

Lesion area a 
Relative resistance Lesion area b Relative resistance 

IR24 53.0 1.0000 30.74 1.0000 
Perum Karuppan (Xa.4b) 19.8 2.6767 1.0000 10.99 2.7971 1.0000 
IR20 (Xa.4a) 8.3 6.3855 2.3855 7.6 4.0447 1.4461 

Potency PotencyED5 0  ED5 0  

IR20 17.32 1.0000 21.33 1.0000 
Perum Karuppan 5.51 3.1433 1.0000 17.83 1.1963 1.0000 
IR24 1.52 11.3947 3.6250 10.49 2.0334 1.6997 

aBased on initial inoculum of 1.0 X 10. bBased on initial inoculum of 4.1 X 103. 
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Table 8. Lesion area and estimates of relative resistance, median effective dose (ED 5 0 ), and potency of var,;zties having 
either Xa-4a (IR20) or Xa.4b (Perum Karuppan) genes for BB resistance to PXO 86 at maximum tillering and booting. 
IRRI, 1987. 

ariety Maximum tillering Booting 

Lesion area Relative resistance Les'on area Relative resistance 

IR24 40.1 1.0000 23.1 1.0000 
Perum Karuppan 43.3 0.9261 1.0000 22.8 1.0132 1.0000 
IR20 39.6 1.0126 1.0934 18.9 1.2184 1.2025 

ED 5 0  Potency PotencyED5 0 

Perum Karuppan 6.69 25.271.0000 1.0000 
IR20 4.97 1.3461 1.0000 14.26 1.7721 1.0000 
IR24 2.85 2.3474 1.7438 7.69 3.2861 1.8544 

a Based on initial inoculum of 1.0 X 10'. bBased on initial inoculum of 4.1 X 10. 

Table 9. Mean lesion lengths of parent varieties and F1 progeny 14 d after clip-inoculation with race 6 (PXO 99) of Xan. 
thomonas campestris pv. oryiae.a I RRI screenhouse, 1987 DS. 

Mean lesion length (cm)b
 

Female parent
 
TN1 
 IR9101 IR28 IR40 BR51 Cisadane 

TN1 26.3 26.1 27.8* 28.2*
 
IR9101 23.3
 
IR28 25.4* 14.0
 
IR40 27.3* 24.3w - 18.2
 
BR51 24.9* 23.6 20.6" 15.7 13.7
 
Cisadane 27.4* 21.1* 20.9 
 21.4 20.2 

a. = significantly different from the midparent value (p = 95%). (-) = insufficient plants for accurate assessment. bMale 
parents listed across top. 

BACTIFRIAI. L.-AI STR'AK Reactions of parent entries used in the crosses 
Plant Pathologi Department are given in Table 10. Twenty-seven of the 303 IR 

upland lines tested at the 2 N levels had 9% or less 
Screening upland rice germplasm for resistance, leaf area infection. Only five IR upland crosses and 
Bacterial leaf streak (BILS) occurs on rice planted three upland varieties-namely, Agulinha Branco, 
under both lowland and upland conditions during 
the wet season (WS). In 1987 WS, the disease was 
severe on upland rice on the IRRI farm. The Table 10. Natural mean leaf area infection with bacterial 

infection was observed at all crop growth stages leaf streak (BLS) of parents used in upland rice breeding 
from seedlings to mature plants. with 30 and 90 kg N/ha. IRRI upland rice farm, 1987. 

We scored upland rice breeding materials in the Leaf area infection %) 
field based on natural infection; 504 entries-303 pro enu d es 2 1 ndlaes ofI c os an pl Parent entryprogenies of IR upland crosses aind 201 upland 3 upper leaves Lower leaf portion 

varieties were screened for BLS resistance. 30 90 30 90 

UPARi-5 and Kinandang Patong were used as 
UPLRi-7 2.0 4.0 20.0 20.0check varieties. Plants receiing 30 and 90 kg N/ha IRAT177 2.0 9.0 8.0 5.0 

were scored between the late veget',tive phase and Kinandang Patong 3.3 3.3 9.3 10.6 
early flowering following the Stanlardevaluation Palawan 7.0 5.3 26.6 30.0 

.vvstetnf.or rice (SES). UPLRi-5 10.9 13.1 48.1 47.2 
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Table 11. Reactionsa of rice varieties to BLS at seedling and maximum tillering stages to Philippine X. c. pv. oryzicola
isolates 3, 93, 127, 128. IRRI, 1987. 

Variety Seedling 

3 93 127 

CNA4206 5.0 0.0 26.5 
IR58 7.7 20.7 33.3 
IR38 8.3 4.5 13.7 
IR56 9.2 7.5 0.4 
Palawan 10.0 20.0 64.2 
IR40 10.2 15.9 0.2 
IRB 11.2 23.3 21.2 
Kinandang Patong 15.0 10.3 18.3 
IR50 32.5 15.0 43.3 
IR60 41.7 29.2 1.1 

aScores were taken 14 d after inoculation. 

Iniap 415, and Bolibod Natural were HS at both 
N levels. Further investigation is needed, although 
the effect of the two N levels on leaf infection was 
insignificant, 

Evaluation of varieties for resistance. To under-
stand resistance to BIL.S, we evaluated 10 selected 
varieties at the seedling and maximuni tillering 
stages using isolates 3,93, 127, and 128 of X.c.pv. 
orl'zicola.The percentage of lesion area was taken 
at 14 DAI on 3 leaves/tiller. The mean lesion area 
infections of three replications with six plants per 
replication are given in Table 1I. 

Variety-isolate interaction was observed. Most 
varieties were more S at the seedling stage than at 
maximum tillering. Only isolate 127 produced high 
infection at maximum tillering. CNA4206 showed 
low infection except with isolate 127 at the seedling 
stage. 

BIA S I 

Plant Pathologj and Plant Bre(eding l)e' arit,enI. 

Screening (Planit IPattlogjr and Plant Breeding). 
During 1987, 110,058 materials from the Genetii 
Evaluation and Utilization (GEU) program, 
national programs, the Internationa lRice Germ-
plasm Center, and IRTP were tested for blast (BI) 
resistance in the IRR Inursery (Table 12). 

To maintain a diversity of Pyricularia oryzae 

races for screening, populations of the fungus 

Mean lesion area (%) 

Maximum tillering 

128 3 93 127 128 

0.3 0.3 0.2 9.2 0.0 
13.5 0.8 0.3 23.3 1.3 
8.8 0.4 0.0 20.0 0.5 

16.7 0.9 0.0 25.0 0.8 
15.2 1.5 0.5 15.0 1.7 
30.8 2.7 0.2 39.2 1.3 

7.0 4.6 0.0 25.8 0.6 
4.0 0.7 0.5 5.7 6.0 

30.8 2.7 0.4 24.2 2.9 
19.2 1.5 0.4 34.2 3.3 

virulent on Carreon, UPLRi-5,and lR442-2-58 are 
being maintained in the nursery. 

Evaluation of GEU elite lines (Plant Paihlog1
and Pla'l Breedling). Using an upland nursery 
miniplot technique, WS elite lines and rainfed 
lowland elite lines were evaluated for 131resistance 
relative to the partially R check IR36 and the S 
check IR50. IR64 a relatively new and widely 
cultivated variety, and several elite lines showed a 
slow rate of disease progress similar to that of 
IR36, probably indicating similar levels of partial 
resistance to BI (Table 13, 14). Lines with resistance 
similar to that of 1136 will likely have sufficient BI 
resistance in lowlhnd fields. 

Table 12. Source and number of materials tested at the 
IRRI blast nursery, 1987. 

Source 

F2 
Pedigree nurseries 

Irrigated lowland 
Rainfed lowland 
DeepwaterYield trials, elite lines, 
and hybtidization block 

National programs 

IRGC accessions 
IRTP nurseries 

Total 

Entries (no.) 

9,045 
88,397 

64,907 
21,116 
2,374 

4,718 

3,405 

3,670 
734 

110,058 
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Table 13. Relative area under disease progress curve Table 13 continued 

(RADPC) and percentage of diseased leaf area (DLA) of
 
GEIJ elite lines and a few IR and Pete varieties evaluated Line or variety RADPCb DLAb I%)
 

for resistance to blast in upland nursery miniplotsa IRRI, IR42000-211-1-2-2-3 9.90 PR 38.33 PR 
1987. IR20 10.89 PR 48.00 PR 

IR35366-90-3-2-1-2 10.53 PR 53.33 
Line or variety RADpcb DLAb %) IR35366-62-1-2-2-3 11.93 PR 52.33 

IR19431-72-2 12.37 PR 68.33 
IR44530-41 -1-2-1 0.00 0.00 

13.10 PR 54.00IR39323-182 2-3-3-2 C.03 0.07 IR42 
13.19 59.00IR42015-83-3-2-2-2 0.12 0.23 IR8 

IR37721-9-2-1-3 0.14 0.37 IR39357-71-1-1-2-2 14.48 66.67 
0.53 IR34686-179-1-2-1 15.38 66.67IR41993-131-2-3-1 0.22 

IR27095-20-18 16.83 66.67 
IR39368-31-1-2 0.51 1.00 

0.55 1.67 IR42029-38-1-3-3-2 17.28 59.00IR39357-133-3-2-2-2 
24.13 82.67 SIR41999-139-1-1-2-3 0.58 1.00 IH32809-26-3-3 

IR32429-47-3-2-2 0.71 2.33 IR50 (susceptible check) 31.52 S 92.33 S 

IR42068-22-3-3-1-3 0.79 3.33 a Mean of 3 replications bFiguis followed by PR are not 

IR31868-64-2-3-3-3 0.86 4.33 significantly different from the partially resistant IR36; 
IR32429-122-3-1-2 1.03 4.00 those followed by S are not significantly different from 
IR28224-3-2-3-2 1.11 5.00 the susceptible IR50. 
IR41985-111-3-2-2 1.15 3.67 
IR32429-68-3-3-3 1.48 5.00 

IR41996-118.2-1-3 1.48 5.33 Table 14. RADPC and percentage of DLA of rainfed low
IP33059-26-2-2 1.84 7.67 land breeding lines and other varieties evaluated for resis
IR12979-24-3- 2.01 8.33 tance to blast in upland nursery miniplots.a IRRI, 1987. 
IR41985-77-3-3-3 2.15 8.33 
IR29429-B-3-B-2-3 2.40 7.67 Line or variety RADPCb DLAb 1%) 

Ir,13754-6-3 2.53 8.67 
IR39674-i3,3-3-3 2.53 8.33 IR43485-15-3-42-3 0.17 0.83 

1.00IR10147-113-5-i-1-5 2.54 11.67 IR43485-40-2-42-2 0.30 
IR32021-B-1-B-5-2 2.71 12.33 IR41054-81-2-3-2 0.48 1.00 
IR5931-113-1 2.74 14.00 IR29341-15-2-1-1 0.48 1.67 

P43570-2-2-2-1 0.56 2.6713.002.77IR35366-28-3-1-2-2 
IR40720-72-1-2 3.16 14.67 IR43582-119-1-1 2 0.64 3.00 
IR41996-163-2-1-2 3.17 20.00 IR28224-3-2-3-2 0.70 2.67 
IR41996-12-2-2-3 3.48 16.33 IR13240-108-2-2-3 0.90 3.33 
IR42028-50-2-1-3-2-2 3.51 20.00 IR43485-22-2-2-2 1.07 4.67 

PIR36974-13-3-3-3 1.12 2.33IR2695786-2 3.55 14.67 

IR41985-98-3-1-3-2 3.78 13.33 IR41111-113.1-2-1-2 1.51 4.67 

IR33043-46-1-3 3.85 24.00 PR IR44915-356-2-1 1.80 7.00 PR 

IR13754-5-2 4.30 21.33 IR42247-1-2-1-2-1 1.89 5.67 
IR12721-5-1-1-3 4.40 17.33 IR54 1.89 6.00 

2.70 PR 12.33 PR22.33 Mahsuri4.48 
IR19319-1-2-1-1-2 4.82 27.33 PR IR43568-14-1-1.2 2.97 PR 9.67 PR 
IR33238-25-2-3-2 5.75 37.33 PR IR38699-49-3-1-2 3.93 PR 16.33 PR 

P54 

5.85 PR 33.33 PR IR64 4.01 PR 17.33 PR;R32453-20-3-2-2 
IR64 5.92 PR 25.00 PR IR42266-11-2-2-3 4.10 PR 27.33 PR 

IR36 (partially resistant check) 4.20 PR 18.33 PRP41996-50-2-1-3 5.96 PP 34.00 PP 

iR44595-70-2-2-3 6.25 PR 37.33 PR IR42253-63-1-2-3 4.65 PR 22.00 PR 
Pete 6.26 PR 30.00 PR IR43518-62-2.2-1-3 5.26 PR 22.33 PR 
IR29723-88-2-3-3 6.66 PR 34.00 PR IR28526-44-1-1 5.70 PR 33.33 PR 
IR37873-16-2-3-3-3-1 6.70 PR 28.33 PR IR21567-9-2-2-3-1-3 5.78 PR 29.67 PR 

5.85 PR 31.00 FR6.99 PR 42.33 MR 33238-25-2-3-2IR2822-12-3-1-1-2 
IR26958-34-2 8.33 PR 44.67 PR IR19319-5-3-3-2-1 6.36 PR 33.00 PR 
IR21820-154-3-2-2-3 8.57 PR 39.00 PR IR42342-40-3-3-2-3 6.79 PR 31.67 PR 
IR46 8.62 PR 46.67 PR IR48 7.27 36.67 
IR36 (partially re-;tant 8.97 PR 36.67 PR IR19319-1-2-2-2-2 7.78 40.00 

check) IR13146-45-2-3 7.86 40.00 

Continued on next column Continued on next page 
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Table 14 continued 

Line o.- variety RADpCb DOLAb (zz 

IR43520-93-3.3-3
IR43010-20-2-1-3 8.91 

10.28 
43.33 
44.00 

IR 19431-72-2 10.45 57.33 
IR21188-15-2-2-3-3-3-1-1 10.48 44.00 
IR43518-66.2.3.2.3 10.56 44.33 
IR42266-73-1-2-2 11.24 51.67 
IR42273-72-1-1-2-3 11.62 55.67 
IR29692-99-3-2-1 12.58 S 54.00 
IR37094-14.2-2-1-2 15.09 S 68.33 S 
IR33380-60-1.2-2 15.23 S 76.33 S 
IR26933-16-2-3 
IR5O '~usceptible check) 

15.41 S 
16.51 S 

73.33SS 
79.33S 

IR29725-22-3.3-3 16.97 S 76.005 
IR66 17.20 S 70.67 S 
IR422 11-76 -2-.3 19.26 S 80.00 S 
1937096-42 -. . 19.74 S 90.00 S 
1.442253-14.1-3-2 20.42 S 89.33 S 

a ;eon of 3 replications. bFigures fol!owed by PR are not
significantly different from the par .,, resistnt IR36; 
those followed by S are not significEa- -I/different fromthe s ,:reptible IR 5 .Re 

In the trial with rainfed lines, IR66 showed 
higher disease incidence than was recorded in 
previous tests (Table 14). This variety will be 
retested in 1988. Variety Mahsuri was more 
resistant than expected. since it is known to be HS 
to 1I in Bangladesh, India, Malaysia, and Nepal. 
Perhaps Mahsuri has partial resistance specific to 
Philippine isolates of P. orvzae, as was found with 
Ko rean japonica varieties, 

Nursery and field tests for resistance (Plat
Patlolog). Trials in 1986 compared neck BI 
resistance that was scored in irrigated lowland 
fields with leaf Bi resistance measured in upland 
miniplots. Miniplot results were expressed as the 
relative area under the disease progress curve 
(RADPC). To verify previous miniplot results, BI 
data for the entries were collated from previous
GEU nursery tests. The SFS scores were converted 
to diseased leaf area percentage, and the means 
were calculated and adjusted for differences 
between t.sts using the mean ofthe common check 
cultivar 1R36. The data were hig'ily correlated (r = 
0.93) with the miniplot results, although IR32307-
107-3-2-2 appeared to be an outlier (Fig. 7). 

In 1987, the lowland triv! was repeated as in the 
previous year, except that seeding was staggered to 
synchronize flowering dates. Neck BI resistance 

% DLA from GEU screening

L IR29725-109-1-2-1 0 
80 \ IR25604-99-1-3-2-2 

b ..332307-107-3-2-2
oIN36 o 0 
VIRS 
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0 r:09, 
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40 - 0 

0
 
0 n 0
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00
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RADPC (from minolot)
7. Relationship between leaf blast (131)scores from a miniplot
trial and fI1data from GEU screening trials, IRRI, 1987. DLA 
= diseased leaf area, RAI)PC = relative area under the disease 
progress curve. 

was scored as the percentage of severely infected 
neck nodes.k n d sThe results from the 1987 trials were similar to 
those of 1986, but the incidence of neck BI was
lower in 1987 (Fig. 8). The neck BI scores were 
positively correlated with the miniplot leaf BI 
results, although the correlation coefficients were 
lower than in the previous trials. 

As in the previous trials, some lines such as 
IR25604-99-1-3-2-2 appeared to be exceptions to 
the general relationship (Fig. 8). The data indicate 
that the nursery tests alone are insufficient to fully
describe the BI resistance of a prospective variety. 
Neck BI resistance testing is necessary. 

Race-specific partial resistance to blast in 
japonica rices (Plant Pathologi'). Most of 53 
japonica rice cultivars and breeding lines tested for 
resistance to BI disease in nursery trials in Korea 
and the Philippines showed complete resistance at 
one or both locations. Most of 24 entries that tested 
qualitatively susceptible at both locations showed 
slower disease progress in the Philippines. Korean 
isolates were more aggressive than Philippine 
isolates, but both were equally aggressive on the S 
check. The results suggest that race-specific partial 
resistance caused the slow disease progress on 
japonica rices in the Philippine nursery test. See the 
section on Cooperative Country Projects for more 
information. 

Inheritance of pa,'tial resistance in indica rices 
(Plant Breeding and Plant Pathology'). Rice 
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Severe neck blast (M) cultivars with complete resistance to BI generally 
28 TrIaI become S within a few years of their release. 
24- Y IR25604-99-1-3"2-2 Interest has focOsed on partial resistance as a0 IR36 d 
20 IR5o means of increasing the durability of resistance. 

r-o 71 Inheritance of partial resistance to leaf BI measured 
16 - by lesion number (I.N) and lesion size (LS) was 

12-0 investigated in crosses involving four indica 

8 0 0 cultivars: partially R IR36 and Milyang 42, and S{ 
IR50 and Milyang 57. Greenhouse-grown plants at 

4 	 0 0 0 
4 0 0 0 the par':Ally extended six-leafstage were inoculated 

0 o0 P 1 Io I I with a conidia suspension derived from a mono

28 conidial isolate of P. oryzae. Broad-sense and 
T,,o/2 narrow-sense heritabilities were relatively low for 

24 - ro.57 both traits (Table 15). Significant differences in 

20-	 03 both LN and LS between F3 families selected from 

the most R and most S F, families were observed16 
for crosses between R and S parents. 

12-0 0 F2 populations were also grown in the field BI 

8 00 0 0 nursery and subjected to naturally occurring 
[ 0o inoculum. The RADPC was calculated based on 

0 1- o, percentage of DLA from 22 to 39 d after seedling 

0 4 8 12 16 20 24 28 32 emergence. Broad-sense heritability was very low 
8 _ __ for both of the R/S crosses tested (0.14 and 0.16). 

Mean of tnols Iond2 Selection for partial resistance under field condi
24- r=0.67 tions would be possible in these crosses, but 

2 V progress would be slow. 
16 -The number of genes controlling partial resist

ance in these parents could not be determined 
12- 0 	 because of the difficulty of mea..uring the trait 

8 - [] 	 accurately enough to detect small differences. 

These results imply polygnic inheritance. Low 
4V 0[]lb[ [ a 0 	 heritabilities indicate that selection may be post-

I I I I poned 	to later generations, when replicated trials 
0 10 20 30 
 can be done. Selection in earlier generations underLeaf blast (RADCP) 	 natural infection may also be effective in eli

8. Relationship between leaf IIlas measured in miniplots and minating susceptible plants.
neck HI as nmeisured in lwl:ind trials, IRRI, 1987. Vertical bars 
indicate no significant difference Iron tihe susceptible ch'.k Influence of water deficit on components of 
(IRSIO) or the partially resistant check (1R361. 	 resistance (Plant Pathologv). In a greenhouse 

Table 15. BroAd-sense (h2 B) and narrow-sense (h' N) heritabilities in 5 coasses for relative lesion number and lesion size. 
IRRI, 1987. 

Lesion number Lesion size 
Cross h2 B h2 Na h2 Nb h2 B h2Na h2 Nb 

IR36/IR50 0.38 0.33 0.11 0.67 0.43 0.18 
Milyang 42/IR50 0.50 0.38 0.17 0.47 0.40 0.28 
IR36/Milyang 57 0.27 0.18 - 0.41 0.33 -
Milyang 42/Milyang 57 0.25 0.19 - 0.42 0.30 -
IR36/Milyang 42 0.20 - 0.10 0.35 - 0.13 

aEstimates of h2N from F2 and backcross data. bEstimates of realized h' N from F3 data. 
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experiment, we examined the effects of pre-
inoculation water deficit on components of BI 
resistance. Water was withheld from 4 rice varieties 
with differing degrees of resistance to the disease 
until the leaves were rolled tightly (score 5) at noon. 
The plants were then watered, and inoculated the 
following morning. 

Stress slowed leaf elongatio,. To compare 
stressed plants with unstressed plants of the same 
leaf s*.age, additional seedings were made after the 
initial seeding. Plants sown after the main seeding
that were at the same leaf development stage as the 
stressed plants at inoculation were chosen as 
checks. For convenience, we refer to this treatment 
as the physiological check, even though the later-

Table 16. Relative infection efficiency (lesions/100 cm' 
checks of the same chronological and physiological age after inoculation with Pyricularia oryzae.a IRRI, 1987. 

Treatment 

Chronological check, flooded 
Leaf 8 
Leaf 7 

Chronological check, autobic 
Leaf8 
Leaf 7 

Physiological rheck, aerobic, leaf 7 

Leaf rolling score 5, leaf 7 

Relative infection efficiency 

IR52 C22 Kinandrng IAC47Patong 

Unstressed 

2.6 b 0.4 a 0.2 a 0.2 a 
0.4 a 0.1 a 0.0 a 0.0 a 

2.5 b 1.1a 0.3a 0.1a
0.3 a 0.1 a 0.0 a 0.0 a4.0 b 0.8 a 0.2 a 0.0 a 

Water deficit before inoculation 
11.4 c 8.9 b 1.0 b 0.9 b 

aIn a column, means follrwed by a common letter are riot significantly different at the 1%level by DMRT. 

Table 17. Latent period (LP), sporulation (S) (conidia/lesion per d), and infectious period (IP) in 4 varieties subjected towater deficit and in unstressod checks of the same chronological and physiological age after inoculation with Pyricularia 
oryzae.a IRRI, 1987. 

Treatment 

Chronological check, flooded, leaf8 
Chronological check,aerobic, leaf 8 
Physiological check,aerobic, leaf 7 

Leaf rolling score 5, leaf 7 

aLatent period calculated as LP = 

sown plants likely differed physiologically from the 
stressed plants. 

In al! varieties, the highest lesion number was 
observed in the water-deficit treatment (Table 16). 
Lesion number in the stressed treatment was higher 
than in the physiological check, showing that water 
deficit had a direct effect on leaf susceptibility. The 
increased lesion number on stressed plants was not 
due to differences in leaf development stagc. 

The water-deficit treatment increased lesion 
number, even in the two more R varieties, 
Kinandang Patong and 1AC47. Our methods did 
not allow us to ascertain if the degree of increase 
varied with variety. To measure varietal differences 
in the changes in susceptibility induced by water 

leaf) in 4 varieties subjected to water deficit and in unstressed 

LP 
(d) 


5.5 a 
5.0 a 
5.2 a 

5.2 a 

IR52 022 

S IP (d) LP S IP (d) 
(d) 

36 a 
Unstressed 

3.5 a 5.9 a 57 a 3.0 a 
67 a 4.0 a 5.3 a 56 a 8.5 ab 

132 a 4.5 a 5.0 a 194 a 4.5 a 

Water deficit before inoculation 
328 b 17.0 b 5.3 a 203 a 14.8 b 

Kinandang Patong IAC47
 

LP S IP (d) LPb S IP (d)
 
(d) (d)
 

6.0 a 19.0 a 2.0 a 6.3 0 a 0 a 
5.5 a 0 a 0 a 6.0 0 a 0 a 
5.3 a 0 a 0 a - 0 a 0 a 

4.6 a 44.0 a 8.5 a 5.8 43.0 b 1.5 b 

E Pi Ti, where Pi = proportion of total sporulating lesions appearing on ith day, Ti
ith day after inoculation, and n = i=Onumber of days after inoculation. For all replications of the physiological checks andsome replications of the other treatments, no lesions appeared and no statistical comparisons were possible. 
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Lesion size (mm2) 	 deficit, polycyclic field tests would probably be 

required.C2220, R52 
No significant differences in mean latent period 

/ *---PhysologeCCl check, oerobc were observed (Table 17). Previous work indicated 
V-: Chronological check, aerobic 

5-Woler defict 

16 1V---ChronoIogicol check, flooded 	 that latent period is less important than lesion 

number in determining differences in partial 
'
12 -

1, _resistance among varieties. This study also indicates 
.. /that latent period is not an important component 

8,' -- of increased susceptibility induced by water deficit. 

cr Water-deficit treatnmt:nt increased the rate of 
4 lesion growth in all varieties (Fig. 9). 

Production of conidia was higher in the water
o0 I I I I deficit treatments of IR52 and IAC47 than in the 

2- P IAC47 	 unstressed checks (Table 17). The differences inKoocndcon _tong -12 /o- C22 and Kinandang Patong were not statistically 

8- /significant, but the trends were similar. No conidia 
- ,were produced from lesions in unstressed IAC47 

-" -. 7o-plants,but lesions ini the water-deficit treatment 
' ! did. In a1 cultivars, conidial production was 

highest in the water-deficit treatment 9 d after 

10 14 18 22 10 14 18 22 inoculation, then gradually declined (Fig. 10). 

Days offer inoculation When expressed in terms of conidia per lesion area, 

water deficit tended to increase sporulation,
9. 1I lesion growth on 4 varieties subjected to witer deficit and 

on unstressed checks (of the same chronological and physiol- particularly in IR52, C22, and Kinandang Patong 
ogical age. IRRI, 1987. (Fig. I1). 

Conidia (no/lesion) 
1800 

W 
16001600 - II IR52 C22 

It 
--- O Water deficit1400 
10 @ Physiological ch k,oe-obic 

1 Y'-Y Chronological check,oerobc 
1200 -	 "-- Chronological check, flooded

i
looo 

600 -	 I 

400 

200 

60 o 

400 -Kslandanig Potong 	 IAC47 

200 

0 
8 10 12 14 16 18 

.o . 
20 22 24 8 10 

Days after inoculation 
12 14 16 

I 
18 

I 
20 22 

I 
24 

I 
26 

I 
28 

10. Production ofconidia per BI lesion across time on 4 varieties previously subjected to water deficit and on unstressed checks of the 
same chronological and pnysiological age. IRRI. 1987. 
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Condia (no /10mm. 
2400 .	 

lesions than groups I and II (Table 18). Within group VI, the accessions fron the tropics had 
0--c( Mte, dlehO
2000 --. Phys~rogcolchecc, oewob¢ lnger lesions than those of' temperate origin

n,aaogic check, deb,.. (Table 18).
1600 	 -(roup I showed the broadest range of lesion 

lengths, encompassing both the most I.Sc-R and 
1200 thle mlost I.Sc-S acesin tested (Fig. 12),. Thie 
800 .\/- distribution of group II lesion lengths was skewed 

toward increased lengthi and thlie ode for thle400 group was 32 rum in contrast, tile,\_ ?',\ 	 node for groupVwas 26 mm (Fig. 12).
'Ill Correlation analysis showed no relationships 

400 between lesion length and leaf length or width. 
0 - o 2z1 'e o 1 1 No completely R accessions were found, aszz would be expected f'or a necrotrophic pathogen10 14 f? 22 10 14 18 22 ncorpicptoe

Days after inoculation like G.orzav. However, a range of susceptibility 
I . 'lrductioui of c nii ,.:i !wrii1n' iofIIIIsin lcaiong	 

to LSc exists within the accessions tested, and the 
4 . iii, i h cd t '
, 
 variation is reltoed to tle varietalgroups, especiallyuINrc,,cd lwick, il Ihan, chinrliohiw aland phv iiigicil 	 ill groups II-V!, 
age. IRRI, 1)7. 

Water deficit also prolonged the infectious ,III:AIH liflll
 
period of lesions in all varieties ([able 17). Plan lalhohgr lmriment
 

lIre-inoculation water deflicit 
 increased the
susceptibility of rice leaves to infection by . ortrzae Screening for resistance. Establishment of thein all varieties tested. Not only was lesion nunber upland nursery for sheath blight (ShB) has greatlygreatly increa;cd, but lesion siue increased, sporula- facilitated our capability to screen and evaluate rice
ion1per lesior; increased, and the period of' lesion for resistance to tile disease. We also made use ofsporulation was prolonged. There was some indica- the nursery to conduct recurrent selection for ShBtion that water deficit also increased sporulation resistance testing. In 1987 we completed 2cycles of per lesion area, and tlius avored both establish- the naterials and redtrced tile population from
ilent
and subsequent growth of the pathogen. 3,600 plants to 2,400 in the second cycle by roguing 

S to HS plants. 
The test materials were evaluated using scales

11 AI..',;('AI1) 	 based on the relative lesion height (RLH), or theinm IPalholh.i~r l)prltnenl
 

Sc,'eening for resistance. A detached-leaftecliique Table 18. Comparison of mean lesion length of germplasm
was used io evaluate 284 gerniplasni bank ,c- bank accessionsfrom various varietal groups.a IRRI, 1981.

cessioris for leaf scald (I.Sc) resistance. Tle test 	 Groupb Mean lesionplants consisted off entries from 6 varietal groups length (mm)classified by i,oen/yiie analysis: 120 from group I r 29.0 c
(indica), 99 fi'on group IV (japonica), and 65 i'oni 	 1 30.8 dgroups II-V (inarginal groups restricted to the 	 III 27.4 abcnorth of' the Indian subcontinent). ILesion length 	 IV 27.3 abv 	 27.2 a was ieasured 72 1iatLr inoculation of 15 leaves, VI temperate 25.7 aaccession wit hIa singli isolate of Gc'lao'hia oti'z(. 	 VI tropical 28.6 bcThe nean lesion length of' each group dil'red. aAverage of 3 replications. bVarietal group classification
(roups III, IV. and V tended to have shorter based on isozyme analysis. 
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Frequency (%) 

Group r Group IU 
24 

16 

0t II!,9RS
8 

24 
Group .V Grou. .U 

~eperate
16 Tropica 

,x
!,IIP 
~X 

20 22 24 26 28 30 32 34 36 38 40 20 22 24 26 28 30 32 34 36 38 40 

Lesion length (mm) 

dikirihitiziton llScald12. hFtluinne h01 lesion length t;get tnplion hank acccssiors fitti 4 vatrital groups. IRRI, 1987. 

ratio of thec height oF the uppermost lesion to plant 
heighv Test entries with no linjections are con-
sidered highly resistant (H R) or immune, those 
with less than 201,4 RI H are considered R, those 
withI RI.H ranging f'rom 20) to 3Vl(' have moderate 
resistarice. Any entry exhibhiting more than 3011( 
RI.H is S: an entry can he MS (31~45(1' RLH), S 
(46-65(:j), or HS (greater than 65w/). 

Most of' the 7,614 entries evaluated were rated 
M R toHS (Ta ble 19). 

A detachecd-leaf' technique Was used to assess 
5h inf'ection onl diffeCrent species of' ()rzae. This 
technique is widely applied to evaluate the ef-
ficiecY of' antagonistic bacteria against Sh13 at 
IRRI.T'he method was comparedf with inoculation 
of' plants grown in the greenhouse. Leaves were 
detached and inoculated with agar discs made of' 
p')tato dextrose agar containing the mycelium of a 
3-dI-old~ Culture of' Rhizucumia solani. The leaves 
wcrc then placed tinder Moist conditions and 

for 14 d. At 20 d aIfter flowering, the lesion height 
wvas measured. 

Thle results indicated that, although resistance or 
Susceptibility of' test entries could easily be iden
ilied using the two methods, some entries were 

resistant with one method but susceptible with 
another, and vice-versa (Table 20). 

13y thle detached-leaf technique, many entries 
produced a wide variation in lesion length. The 
variation was less on 7 1 entries; thle 0.01to3.0 cm for 
26 entries was less than that for IR58, the S check 
1,3.2 cm), while the 3.3 to 6.5 cm lesion length in 43 
nitries was longer than that for IR58 (Table 21). 
The technique will he f'urther assessed for its 
ef ficiency as a means for varietal evaluation against 
S11B in the laborator, 

We also compared ShB development on rice 
cultivars grown tinder three cultivation conditions: 
upland adryland condition with sprinkler irriga
tion or rain as the source of water, lowland--the 

incubated al. 27 C. Lesion length was measured field was prepared wet by puddling, rice seedlings
af'ter 3 d. T[he intact plants grown in pots in thle were transplanted, and ir.-igation was often pro
greenhouse Were inoculated at 45 DAS with the vided, and lowland .upland -plants were initially 
same Isolate Cultured onl rice grain-rice huLll medium maintained under lowland conditions but the 
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Table 19. Summary of screening of rice breeding materials and germplasm for sheath blight (ShB) resistance. IRRI, 1987. 

Source Entries
(no.) 

R 

Entries (no.) with given reactiona 

MR MS S HS 

Entries 
(no.) for 

retestingb 

GEU elite lines 
DS 63 3 6 24 22 7 1 
WS 

Germplasm bank 
63 

220 
0 
0 

1 
3 

1 
29 

13 
95 

11 
56 

37 
37 

IRTP nurseries 
IRRSWYN 38 0 0 2 11 25 0 
IRON 177 0 8 22 13 13 121 
IURYN 39 0 3 6 16 9 5 
IRYN 78 0 1 0 34 43 0 
IURON 81 2 6 25 27 18 3 
IRRSWON 91 0 0 6 6 4 75 

Wild rice 
IR varieties 

102 
29 

17 
0 

20 
3 

5 
17 

0 
9 

0 
0 

60 
0 

Upland replicated 600 48 203 71 8 2 268 
yield trials 

IR lines and F2s 33 2 14 8 0 1 8 
Recurrent selectionsc 

1st cycle 
2d cycle 

300 
2400 

-
-

-
-

-
-

-
- -

0 
0 

Total 7614 72 268 216 254 189 615 

=aThere were no highly resistant (0%) entries. R = resistant (0-20%), MR moderately resistant (21-30%), MS = moderately
susceptible (31-45%), S = susceptible (46-65%), HS = highly susceptible (>65%). bEntries that were inoculated but devel
oped no infection. CSusceptible and highly susceptible entries were rogued. Seeds obtained from the first cycle were used 
for the second cycle. 

Table 20. Reaction of wild rices to a single isolate of ShB Table 21. Reaction of selected wild rices to ShB, usir 
under laboratory and greenhouse condi.:t ns. IRRI, j987. detached-leaf technique in th6 laboratory. IRRI, 1987. 

L.:,:Mn Relative Lesion
Species Accession ieijth lesion Species Accession no. length SD 

no. (cm in height (cm) 
laboratoy (%) in 

greenhouse 0. rufipogon/O. nivara 103313 0.00 a 0.00 
- 0. sativa/O. nivara 100582 0.47 a 0.14 

0. sativalO. rufipogon 100682 R 0.90 28.00 0. australiensis 100882 0.50 a 0.61a0. latifolia 100t)66 1.40 55.88 0. perennis 100687 0.70 ab 0.24 
0. latifolia 100890 2.23 30.00 0. ruf/pogon 103321 0.83 ab 0.26
0. nivaralO. sativaa 103790 2.50 48.42 0. g/bberrima 102429 0.83 ab 075
0. latifolia 103808 2.73 38.00 0. rufipogon 100588 0.87 ab 0.55 
0. sativa (IR50)b - 3.17 33.00 0. officinalis 100180 0.90 ab 0.14
0. glaberrima 102838 4.50 25.00 0. nivara 102179 0.90 ab 0.60
0. punctata 101409 4.50 34.66 0. sativa/O. rufipogon 100682 Ra 0.90 ab 0.86 
0. latifolia 100168 4.67 30.42 0. grandiglumis 101405 0.93 ab 0.00 
0. officnalis 100179 4.73 34.66 0. latifolia 100914 1.23 abc 0.24 
0. eichingari 101424 4.83 20.00 0. alta 100161 1.30 a-d 0.9'1 
0. glaberrimaa 102213 4.93 18.60 0. latifolia 100966 1.40 a-d 0.,10
0. glaberrima 102214 5.00 34.20 0. perennis 100597 1.50 a-e 0.35 
0. punctata 103889 5.00 23.88 0. barthii 101960 2.17 b-f 1.04
0. glaberrimaa 102375 5.67 19.57 0. rufipogon 100904 2.17 b-f 1.04 
0. punctata 101417 6.50 28.00 0. nivaralO. rufipogon 101960 2.23 b-f 1.32 

0. latifolia 100890 2.23 b-f 0.24a, -es showing inconsistent reaction to ShB. bLabora. 0. malampuzhaensis 100957 2.50 c-g 0.50 
to., test was conducted using detached-leaf technique; 0. glaberrima 102557 2.50 c-g 0.85 
the greenhouse test was done by inoculating the test 0, nivaralO. sativ& 103790 2.50 c-g 1.32 
plants with rice grain-rice hull medium at 45 DAS. Continued on opposite page 
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Table 21 continued 

Lesion 
Species Accession no. length SO 

(ca) 

0. officinalis 103285 2.73 c-h 0.84 
0. larifolia 103808 2.73 c-h 0.75 
0. barthii 
0. statfia(IR58) b 

101382 
100167 

2.83 d-h 
3.1700ei 

1.15 
0.81.15 

0. minuta 
0. perennis 

103874 
103846 

3.17 f-j 
3.50 f-h 

1.25 
0.80 

0. sativalO. rufipogon 103793 3.33 f-I 0.56 
0. brachyantha 101231 3.33 f-I 0.75 
0. officina/is 101121 3.50 f-m 0.00 
0. latifo/ia 100165 3.50 f-rn 0.00 
0. ruf/pogon 100924 3.50 f-m 0.50 
0. rufipogon 100912 3.57 f-n 1.26 
0. rufipogon
0. g/aberrima 

103817 
102562 

3.67 f-o 
3.67 f-o 

0.26 
1.25 

0. glaberrima 
0. alta 
0. nivara 

102705 
100967 
103317 

3.93 g-p 
4.00 g-q 
4.00 g-r 

0.60 
0.00 
0.85 

O. g/aberrima 102443 4.17 h-r 0.75 
0. glaberrima 
0. g/aberrima 

102710 
101855 

4.23 h-s 
4.50 i-t 

0.24 
1.32 

0. glaberrima 102838 4.50 i-t 0.50 
0. alta 100888 4.50 i-t 1.00 
0. punctata 101409 4.50 i-t 1.08 
0. nivara 103407 4.57 i-t 0.90 
0. latifolia 
0. officinalis 

100168 
100179 

4.67 j-t 
4.73 j.u 

1.04 
0.74 

0. glaberritna 102213 4.93 I.w 1.20 
0. punctata 103889 5.00 m-w 1.32 
0. tongiglumis 100974 5.00 m-w 0.50 
0. glaberrima 102214 5.00 m-w 0.85 
0. barthii 
0. nivarn 

101378 
100898 

5.00 m-w 
5.10 m-w 

1.00 
1.38 

0. meridionalis 101145 5.17 h-w 1.08 
0. glaberrima 102554 5.17 n-w 0.26 
0. barthii 101223 5.23 a-w 1.12 
0. nivaralO. ruf/pogon 
0. g/aberrima 

103825 
102211 

5.33 p-w 
5.57 q-w 

0.50 
0.51 

0. rufipogonlO. nivara 
0. glaberrima 

101943 
102375 

5.60 q-w 
5.67 r-w 

0.65 
0.26 

0. brachyantha 101236 5.83 s-w 1.15 
0. glaberrima 112641 6.00 t-w 0.50 
0. glaberrima 102691 6.10 t-w 0.52 
0. australiensis 100882 6.33 u-w 0.26 
0. paraguayensis 101395 6.43 vw 0.10 
0. punctata 101417 6.50 w 0.00 

aR = red endosperm. bSusceptible check, 

water was drained 5 d before inoculation (40
DAS); then the land-was maintained under upland 
conditions until crop maturity. Six rice cultivars 
were tested, and the mean disease severity and 
incidence in each field condition were computed 
(Table 22). 
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The results indicated no significant difference in 
disease severity measured as RLH. However, ShB 
incidence based on the number of infected tillers 
divided by the total number of tillers was signifi
cantly different. ShB incidence in plants grown 
under lowland conditions was lower than in those 
grown under uplaid or lowland-upland conditions. 
Furthermore, Shh infection under both upland 

and lowland-upland conditions was more uniform 
as shown by lower standard deviation. 

TUNGRO 

Plant Pathology Department 

Screening methods for testing resistance. Scoring 

basedon infection rate. The mass screening method 
for testing resistance to rice tungro virus (RTV) 
was developed in 1964 and modified in 1972. In this 
screening method, we inoculate test seedlings in 
pots (29 seedlings/variety per pot) by releasing
RTV-viruliferous green leafhoppers (GLH) in a 

cage with 16 pots, then scoring for infection rates 2 
wk after inoculation (WAI). Varieties that have 
infection rates of0-30% are defined as R, 31-60% as 

intermediate, and 61-100% as S. By this method, 
we have tested about 40,000 germplasm samples.
Several varieties have had consistently low infec

tion rates. These varieties were further evaluated 
and characterized as follows: 

ARCI 1554, Pankhari 203, 
Gam Pai 30-12-15, Latisail, 
Sigadis, Kataribhog 

Resistant to GLH, 
moderately tolerant 
of RTV 

Habiganj DW8, Utri Merah 
(16680), Utri Rajapan 

Resistant to RTV 
infection, moderately 
tolerant of RTV 

Balimau Putih Tolerant of RTV 
These tolerant varieties showed very mild or no 

clear symptoms and had less grain yield reduction 

when infected. 
Scoring basedon symptom severity. To develop 

an effective scoring method for selecting varieties 
either R to RTV infection or tolerant of RTV, we 
studied the correlation between symptom severity 
and grain yield reduction. Seedlings of nine 
varieties inoculated with RTV were transplanted in 
pots. At 1-2 WAI, plants infected with both 
viruses, rice tungro bacilliform virus (RTBV) alone, 
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Table 22. Incidence and severity of ShB of rice planted under upland, lowland, and lowland-upland conditions.a IRRI, 
1987. 

Upland Lowland-upland Lowland 
Cultivar 

Incidence Severity Incidence Severity Incidence Severity 

IR62 62.0 a 21.1 a 74.7 a 18.7 a 33.0 a 21.3 a 
IR58 83.0 a 27.4 ab 91.7 ab 30.8 bc 58.3 bc 37.9 cd 
IR36 87.3 a 34.9 c 100 b 33.7 c 70.7 c 38.8 d 
IR60 87.3 a 31.6 bc 95.7 ab 29.7 bc 29.0 a 19.6 a 
IR64 91.3 a 26.9 ab 75.0 a 25.1 b 46.7 ab 32.1 bc 
IR20 95.7 a 29.0 bc 79.0 ab 30.9 c 45.7 ab 28.5 b 

Mean 84.4 28.5 86.0 28.1 47.1 29.7 

aUpland = dryland with sprinkler irrigation or rainwater. Lowland = 
flood irrigation with standing water. Lowland-upland 
= field was lowland and, 5 d before inoculation, was drained to upland conditicns. 

or rice tungro spherical virus (R'FSV) alone, were 
identified. Plant height was measured and symp-
torns were recorded at 3 WAI. Grain yield was 
recorded, 


Plant height and grain yield reductions were 
generally low in Balimau lutih, Palasithari, 
Sigadis, and Utri Rajapan, but were high in 
BW272-6B, FK135, and TNI (Table 23). Doubly 
infected plants (lid not show leaf discoloration in 
Balimau Ilutih, but showed light green coloration 
in Utri Rajapan, mil yellowing in Sigadis and 
Palasithari, and sever ow-orange coloration in 
other varieties. RTBV ...cted plants generally 
showed discoloration milder than that in doubly 
infected plants. RTSV-infected plants did not 
show leaf discoloration. Irrespective of variety, 
plants infected with RTBV + RTSV had higher 
height and yield reductions, followed by RTBV-
infected plants and then by RTSV-infected plants. 
There were significant correlations between grain 
yield and plant height reduction among plants 
infected with RTBV F RTSV, RTBV alone, or 
RTSV alone in BW272-6B, FK 135, and TN I, but 
no' In Balimau Putih, Sigadis, and Utri Rajapan. 
Apparently, plants that showed severe symptoms 
had greater yield reduction. These results indicate 
that the level of tolerance can be scored on the basis 
of' plant height reduction and occurrence of leaf 
discoloration at about 3 WAI. 

Using those results, a new scoring method was 
developed and the mass screening method was 
modified as follows: 
I. Seeds (30/sample) are soaked in water and 20 

germinated seedlings ire transplanted in a pot. 

2. Viruliferous GLH are obtained by allowing 
feeding on RTV-infected plants for 3-4 d. 

3. After 7-10 d of soaking, 16 pots are placed in a 
cage and exposed to viruliferous GLH at 8
10/seedling for 3 h. After viruliferous GLH are 
given sequential inoculation feeding on three 
sets of seedlings, they are made to feed overnight 
on RTV-infectcd plants and re-used the fol
lowing day. 

4. At 3to 4 WAI, individual seedlings are scored as 
follows: 
I= no symptoms 
3 = 1-10% plant height reduction with no 

distinct leaf discoloration 
5 = 11-30% plant height reduction with no 

distinct leaf discoloration 
7 = 31-50% plant height reduction with yellow 

or yellow-orange leaf discoloration 
9 = more than 50% plant height reduction with 

yellow or yellow-orange leaf discoloration. 
5. Average score iscalculated to indicate resistance 

or tolerance level. 
6. All plants of entries that have average scores 

below 5are indexed by enzyme-linked immuno
sorbent assay for presence of RTBV and RTSV. 
By the modified mass screening method, more 

than 2,000 germplasm samples and lines were 
tested. Nine percent of germplasm tested scored 
0-3. Tjiempo Kijik and Utri Mcrah (Ace. No. 
16682) had low scores. These varieties had high 
infection rates but exhibited very mild symptoms. 

Reaction of GEU elite lines to infection. The 
rcactionof'55 GEU elite lines to RTBV and RTSV 
infection was determined using the vector GLH 
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Table 23. Plant height reduction at 5 wk after infection, selected on cultivar IR64 or TN I. GLH adults that 
and grain yield reduction in seedlings of 7 varieties infec- had fed on plants infected with RTBV -1 RTSV 
ted with tungro bacilliform virus (RTBV), tungro spherical
virus (RTSV), or both at 5-7 d after soaking. IRRI, 1987. were individually given a l-d inoculation access to 

7-d-old seedlings in test tubes. Seedlings were 
Plants Reduction () in indexed by latex serology 3 WAI. For each 

Variety infected 
with Plant Grain cultivar, 20 seedlings were tested. 

height yield When the "IN I colony was used for inoculation. 
Balimau Putih RTBV+RTSV 9.4 19.9 26 lines (47w/i) had less than 301,4 infection, and 6 

RTBV 3.3 17.1 lines (1i1(') higher than 60t' . When the IR64 
RI SV 1.5 7.2 colony was used, 10 lines (I 8l) had less than 301(' 

BW272-6B 	 RTBV+RTSV 62.6 94.2 infection, and 30 lines (55() higher than 60i 
RTBV 59.4 8,.9 (Table 24). The infection rate with RTBV + RTSV 
RTSV 16.3 14.5 was higher when inoculation was by the IR64FK135 RTBV+RTSV 72.0 99.0 colony; many lines were predominantlv infected 
RTBV 68.2 98.0 -
RTSV 2.9 19.5 with RTI V alone when inoculation was by the 

Palasithari 	 RTBV+RTSV 36.9 33.5 TN I colony. Several lines were infected with 
RTBV 34.6 20.6 R'FBV alone when infected with either colony.
RTSV 4.5 10.1 These results indicate that most lines tested have 

Sigadis 	 RTBV+RTSV 16.9 30.7 resistance to the vector GI-H but not to tile viruses. 
RTBV 13.5 23.9 Tungro transmission by green leafhopper 
RTSV 11.2 9.1 

Utri Rajapan 	 RTBV+RTSV 29.4 28.8 colonies selected on green lealhopv&-resistant
RTBV 21.8 16.8 cultivars. A GLH colony has been maintained on
RTSV 2.3 1.6 1I,64 plants in a greenhouse at IRRI since 1985 

TN1 RTBV+RTSV 71.8 97.4 (Annual report for 1986). After having been reared 
RTBV 49.1 94.7 for 8-10 overlapping gener-!tions, 20-30 adultRTSV 3.7 19.5 

- 3females were transferred and maintained on 

Table 24. Transmission of RTV-associated viruses on 55 selected lines by RTV-viruliferous IR64 and TN1 colonies in test 
tubesa at 1 insczt/seedling b IRRI, 1987. 

IR64 colony TN1 colony 

Line GLH (no.) that transmitted c Overall GLH (no.) that transmittedc Overall 
infection infection 

RTBV+RTSV RTBV RTSV %) RTBV+RTSV RTBV RTSV (%) 

IR5420.1-1-2-3 
IR5931-113-1 
IR6023-10-1-1 
IR10147-113-5-I-1-5 
IR1274-5-1-1-3 

4 
10 

3 
7 
5 

7 
5 

12 
8 
4 

1 
1 
0 
1 
0 

60 
80 
75 
80 
45 

0 
6 
8 
1 
9 

7 
3 
6 
6 
2 

0 
1 
1 
1 
2 

35 
50 
75 
40 
65 

1R12979-24-1-8 
1R 13146-45-2-3 
IR13754-5-2 
IR13754-6-3 
IR 19319-5-3-3-2-1 

1 
11 
4 
2 
9 

7 
3 
3 
5 
8 

2 
1 
2 
1 
0 

50 
75 
45 
40 
85 

7 
1 
1 
1 
2 

3 
8 
3 
4 
5 

0 
0 
0 
0 
0 

50 
45 
20 
20 
35 

IR19431-72-2 
IR21567-9-2-2-2.1 
IR21567-18-3 

7 
5 
4 

10 
12 
8 

0 
0 
1 

85 
85 
65 

0 
1 
0 

3 
5 
7 

0 
0 
0 

15 
30 
35 

IR26894.37.2.1-3 2 14 0 80 3 4 0 35 
IR26957-86.2 5 10 0 50 6 4 0 50 
IR28222-9-2-2-2-2 
IR28224-3-2-3-2 

0 
2 

7 
12 

0 
1 

35 
75 

0 
0 

3 
3 

0 
0 

15 
15 

Continued on next page 
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Table 24 continued 

IR64 colony TN1 colony 

Line GLH (no.) that transmittedc Overall GLH (no.) that transm ittedc Overall 
infection infection 

RTBV+RTSV RTBV RTSV %) RTBV+RTSV RTBV RTSV (%) 

IR28228-12-3-1-1-2 0 6 0 30 2 5 0 35 
IR28228-119-2-3-1-1 3 2 0 25 3 1 0 20 
IR28941-1-3-5-2 10 5 0 75 0 3 0 15 

IR29429.B.3-B-1-4 2 13 0 75 1 14 0 75 
IR29429-B-3-B.2-3 9 5 1 75 4 6 2 60 
IR29723-88-2-3.3 0 4 0 20 0 8 0 40 
IR29725-109.1-2-1 2 3 0 25 0 4 0 20 
IR31802-48-2-2-2 4 11 0 75 1 5 0 30 
IR31868-64-2-3-3-3 2 10 0 60 0 6 1 35 
IR32429-47-3-2-2 7 11 0 90 2 6 0 40 
IR32429-68-3-3-3 6 10 2 90 0 2 0 10 
IR32429-122-3-1-2 4 8 0 60 0 3 0 15 
IR32433-20-3-2-2 0 3 0 15 0 9 0 45 
IR32809-26-3-3 0 7 0 35 0 5 0 25 
IR33043-46-1-3 0 9 0 45 0 6 0 30 
IR33059-26-2-2 0 6 0 30 3 1 0 20 
IR33380-7-2-1-3 1 12 0 65 0 8 0 40 
IR34686-179-1-2.1 1 8 0 45 1 6 0 35 
IR35366-28-3-1-2-2 0 6 0 30 0 7 0 35 
IR35366-62-1-2.2-3 0 9 0 45 2 4 0 30 
IR35366-90-3-2-1-2 0 9 0 45 0 4 0 20 
IR37721-9-2-1-3 0 6 0 30 0 5 0 25 
IR37873-16-2-3-3-3-1 1 1 0 10 0 4 0 20 

IR39323-1,82-2-3-3-2 6 5 1 60 3 10 0 65 
IR39357-133-3-2-2-2 11 6 1 90 0 2 0 10 
IR39768-31-1-2 5 7 0 60 4 11 0 75 
IR40720-7-2-1-2 5 1 0 30 0 5 0 25 
IR41985-77-3-3-3 2 8 0 50 1 8 0 45 

IR41985-98-3-1-3-2 7 7 0 70 0 3 0 15 
IR419815-111-3-2-2 6 6 0 60 4 5 0 45 
IR41993-131-2-3-1 2 10 0 60 3 5 0 40 
IR41996-12-2-2-3 4 6 1 55 1 5 0 30 
IR41996-50-2-1-3 3 12 1 80 2 6 1 45 
IR419U6-163-2-1-2 4 9 0 65 1 5 0 30 
IR42000-211-1-12-2-3 1 8 0 45 5 12 0 85 
IR4201583-3-2-2-2 5 10 0 75 1 6 0 35 
IR42068-22-3-3-1-3 4 6 0 50 0 2 0 10 
IR44595-70-2-2-3 4 5 0 45 1 2 1 20 
TN1 17 15 0 80 20 16 0 90 

aLeafhoppers were given 4 d acquisition access to plants infected with both RTBV and RTSV and 1d inoculation access to 
1-wk-old seedlings. b4 0 seedlings were tested. CThe inoculated plants were tested 1 mo later by latex test. 

seedlings of 2 varieties--IR26 and IR36- maintained on TN I served as the controls. Adults 
moderately resistant to GLH; 3 resistant varieties-- of the ninth generation of the selected colonies were 
1R54, IR60, and IR62; and a mixture of IR given a 3- to 4-d acquisition access to TNI plants
varieties. The mixture consisted of plants from infected with RTBV + RTSV, and then indivi
equal proportions of seeds of IR26, IR36, IR54, dually given 1-d inoculation access to l-wk-old 
IR56, IR64, and TNI. GLH colonies were suc- seedlings of test varieties in test tubes. Inoculated 
cessfully maintained on cultivars IR26, 1R36, plants were indexed by index serology I mo after 
IR54, 1R60, and the mixture. GLH colonies inoculation. 



79 GENETIC EVALUATION AND UTILIZATION (GEU, PROGRAM 

On IR varieties. Irrespective of colony used, Infection(%) -IR8, IR20. 1R26, IR36, and IR42 had relatively iR2colony
 
higher infection rates. On IR50, IR54, IR56, IR58, 80 
 .
 
11(60, IR62, and IR64, selected colonies trans
initted RTBV + RTSV at higher rates, and the 40 r
 
TNI colony transnitted primarily R11V alone
 
(Fig. 13). Overall transmission rates on these
 
varieties were higher when selected colonies were /R36 colon
 

ased, and lower when TN I colony was used. 80 
Selected colonies did not transmit the viruses
 
efficiently, especially on the corresponding varie- 40
 

ties. Irrespective of the colony used for inoculation.
 
IR20, 1R26, and lIR30 were infected with RTBV IR54 colony
 
alone.
 

80On non-IR varieii.cs. Selected colonies also . .... :F...:..:.::. 

transmitted RTBV + RTSV at relatively higher 40
rates than did TN I.
 

IR60 colony 
RAGGII) SI I ...I :: 

8 0 .. .. . .... .... .... 
P/ant IPathology' 

401 i_Screening methods for testing resistance. Scoring _oI 

basedon in/i,c'ionrate.The mass screening method
 
for testing resistance to ragged stunt virus (RSV) /R64 colony
 

was developed in 1978. In this screening method, 8o .. ....
 
we inoculate test seedlings in pots (29 seedlings,/
 
variety per pot) by releasing RSV-viruliferous 4si
 
brown planthoppers (BPH)into a cage with 16
 
pots, then scoring for infection rates about I mo MA ed colony
K 
after inoculation. Varieties that have infection rates 80 .
 
of 0-30C7 are d 'ined as R,31-60( as intermediate.
 
and 6 1-I 00( as S. By this method, we tested about 4 0 
 .:....
 
20,000 varieties and lines. All germplasm that had 
low infection rates in the screening method was 
found to be R to the vector BPH. The low infection TNl colonyF 
rates are likely to be due to their resistance to BPH. 80- RTSV 

Scoring baseid on st-'mponi severity. We devel- -:.":RT3VRITSV 
oped a new scoring method that can differentiate 40 . 
varieties with resistance to RSV infection or II .1 
tolerance for RSV, and we have modified the mass 00o 0 0 0 W M ,N 0 0 q 
screening methods isfollows. - L 2 2 T c L 2 x- - or 
I.Seeds are soaked in water, and 20 germinated 13. Iransmission of rice iungro bacillilorin(RTIBV and

seedlings are transplanted inatpot. (RTSV) viruses on seedlings nl lR '.aricticssphicrical hy selected
seeAt7,o0dlin16potstran aree in apRTV-viruliferous green lealhopper colonies. IRR I. 1987.2. At 7 :o 10 d after soaking. 16 pots arc placed in a 

cage and exposed to RSV-viruliferous BPH at 
15-20 BPH, seedling for I d. 3 = 0-10% plant height reduction, without 

3. At 5 WAI, individual seedlings are scored as abnormal leaves, leaves may have vein 
follows: swelling on sheaths and may be shorter and 
I : no symptoms darker green 

http:varieii.cs


80 IRRI ANNUAl. REPOWI I-OR 1)8 

5 = 0-I0% plant height reduction with 1-2 
abnormal leaves 

7 = 10-30(1i plant height reduction with normal 
youngest leaves, 3-4 ahbornal leaves 

9 = more than 31 (iplant height reduction With 
abnormal leaves, including the youngest 

4. 	Average score is calculated to indicate resistonce 
or tolerance level of' variety. 

5. Three infected plants are transplanted in a 
concrete tub in tSCreenho1usC and their fcrtilily 
recorded. 
In 1987, out of a total of 10,273 entries, 5,364 

were tested under the new method. Varieties that 
showed higher fertility had average scores of 3-6 
(Table 25). 

I)ISASE RSII ANCE IN WIll) RICES 

Ilant IPaiholo,' andIlan itBreeding Deparinwsiil 

Screening wild germplasm for disease resistance. 
To identify useful sources of parental gernplasm 
ftr disease resistance. began a systematic 
screening of' wild rices against major diseases. 
Preliminary screening results of selected wild rices 
against 13 were obtained. Fifty-nine entries from 
41 wild rice accessions were screened against 6 
Philippine races of Xco. The species tested were 0. 
hng'istaminata, 0. nivara,"0.perennis" with the 
AA genome, and 0. latifolia with the CCI)D 
genome. Plants were inoculated at 45-54 DAS, 
when most were at maximumn tillering. Lesion 
areas were scored at 14 I)AI (Table 26). Two 
entries, 104796-2 and 103821-1, were observed to 
have nonspecific resistance, i.e., R or M R to all six 
races. Nine 0. nivara entries and one "0. perennis " 
entry showed resistance to four or more races. 
Specific resistance to only one or two races was 
observed in eight entries (e.g., 103893-2 and 
102167-3). Generally, no variation in reaction was 
observed within accessions. But in 0. nivara 
accession 102166, 102166-1 and 102166-3 were Rto 
f3Braces, whereas 102166-2 was MS to races 1,3,4, 
5,and 6. 

The patterns of disease reaction in these wild 
rices resemble those observed among rice cultivars, 
suggesting that genes conditioning a differential 
reaction to races of the pathogen are present in 
these wild rices. Whether these genes are identical 

Table 25. Average scores of varieties that showed higher 
fertility in the modified mass screening method for ragged 
stunt virus resistance. IRRI, 1987. 

Accession Variety Average Origin 
no. score 

24383 Lai Lah 27.16-77 3 Thailand 
24385 Lai Luang PW 60-12-874 4 Thailand 
24542 Buntut Semut Putih 4 Indonesia 
24561 Kapai 3 Indonesia25329 Agai Kuning 4 Indonesia 
25365 Cicih Jambu 4 Indonesia 
25P383 Del Tabanan 5 Indonesia 
2541525420 Jeruyuk 	 5 IndonesiaKeriahan 5 Indonesia 
25427 Ketan Jaka 4 Indonesia 
25439 Ketan Semut 5 Indonesia 
25446 Kureng Kuning 4 Irdonesia25474 Padi Bayak 4 Indonesia 
25488 Padi Embacang 4 Indonesia 
25548 Padi Sudura 4 Indonesia 
25562 Page Gersing 5 Indonesia 
25595 Pulut Inhul 6 Indonesia 
25625 Pulut Silupa 4 Indonesia 
25679 Siansimun 6 Indonesia 
25700 Sijarun Pare 5 Indonesia 
25726 Simanuk 5 Indonesia
25730 Simeden 6 Indonesia25735 Sinaek 	 4 Indonesia 
43654 Sitopas 	 4 Indonesia 

to those already present in the 0. sativa gene pool 
remains to be tested. 

Transfer of disease resistnce from wild germ
plasm. Crosses were made betweeni Or*r'zasativa 
and its wild relatives 0. minnea (i3BCC) and 0. 
latiflia(CC Dl))in an attempt to introgress useful 
agronomic traits to 0. saiiva. Backcrossing to the 
cultivated rice parent is now under way. The 
transfer of disease resistance was monitored by 
evaluating F, plants from these two crosses: 0. 
saliva (I R3 1917-45-3-2)/O .minuta (Ace. 101089, 
101141), and 0. saliva (IR3A)/0. lati['oia (Ace. 
100966). 

Biast. The 0. minuta parents were HR to BI and 
the IR parent was S when exposed to natural 
inocula in the IRRI HI nur:;ery. Nodal cuttings 
(about 4-6 wk old) from F, plants and 18-d.old 
seedlings of the IR and 0. minta parents were 
tested with BI fungus isolate PO-6-6 in the 
greenhouse. Again, the IR parent was fully S, 
whereas 0. mintaa was HR. The majority (49 of 
_'i) of F, plants gave a hypersensitive reaction. 
Cuttings from three F, plants, however, showed a 
few intermediate S lesions. 
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Tnble 26. Adult plant reaction " Oryza loigisraminata, 0. nivara, -'0. perenn.', and 0. latifolia to 6 Phlippine races of 
Xanthomonas campestris pv. oryzae.a IRRI, 1987. 

Race 1 Race 2 Race 3 Ra:e 4 Race 5 Race 6 

Specie
codes Lesion 

area 
(W) 

Reaction 
type 

Lesion Reaction 
area type 
(%) 

Lesion Reaction 
area type 
(W) 

Lesion 
area 
(%) 

Reaction 
type 

Lesion 
area 
(W) 

Reaction 
type 

Lesion 
area 
(%) 

Reaction 
type 

100930-1 
101199-2 
103893-2 
104100-1 

-
67 

3 
8 

-
HS 
MR 
IvR 

10 
10 
19 
24 

MS 
MS 
MS 
MS 

0. Jongistaminata
6 MR 78 

12 MS 15 
10 MS 10 
22 rvS 15 

HS 
HS 
MS 
MS 

-
22 

7 
9 

-
MS 
MR 
MS 

44 
66 
17 
35 

S 
HS 
MS 
S 

100898-1 
101193-1 
101971-1 
101973-1 
101973-2 
101973-3 
101975-1 
101975-3 
101994-1 
102166-1 
10216C-2 
102165-3 
102167-1 
1021672 
102167-3 
102169-1 
102169.3 
102179-1 
103407-1 
103422-1 
103422-3 
103891-1 
103824-1 
103826-1 
103826-2 
103826-3 
103834-1 
103834-3 
103835-1 
103835-3 
103839-2 
103840-2 
103840-3 

-
1E 
21 
22 
20 
20 
19 
18 
40 

1 
22 

2 
25 
43 
21. 

2 
3 
9 

!3 
18 
-
4 
3 
2 
1 
1 

22 
-
27 
17 
21 
-
17 

-
MS 
MS 
MS 
MS 
MS 
MS 
MS 
S 
R 
MS 
R 
MS 
S 
MS 
R 
MR 
MS 
MS 
MS 

MR 
MR 
R 
R 
R 
MS 
-

MS 
MS 
MS 
-

MS 

13 
11 
26 
25 
18 
30 
23 
23 
24 

1 
6 
4 

14 
38 

8 
2 
1 
4 
27 
17 

6 
7 
I 

2 
3 
9 
6 

15 
21 
-
12 
10 

MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
R 
MR 
MF; 
MS 
S 
MR 
R 
R 
MR 
MS 
MS 

MR 
MR 
MR 
R 
R 
PAS 

MR 
MS 
MS 
-

MS 
MS 

21 
14 
15 
19 
20 
19 
21 
22 
26 

1 
11 

3 
13 
26 

3 
2 
2 
6 

27 
26 
42 
8 
1 
3 
2 
-
20 
15 
20 
12 
16 
-
12 

0. nivara 
MS 
MS 
MS 
VS 
MS 
MS 
MS 
MS 
MS 
R 
MS 
MR 
MS 
MS 
MR 
R 
R 
MR 
MS 
MS 
S 
MR 
R 
MR 
R 
-

MS 
MS 
MS 
MS 
MS 

MS 

59 
15 
27 
19 
24 
22 
24 
28 
36 

1 
12 

3 
27 
47 
20 
10 
10 
15 
24 
24 
130 

2 
1C 
14 
14 
9 

38 
-
22 
31 
38 
12 
13 

HS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
S 
R 
MS 
PAR 
MS 
S 
MS 
MS 
MS 
MS 
MS 
MS 
HS 
H 
MS 
MR 
'AS 
MS 
S 
-

MS 
MS 
S 
MS 
MS 

19 
16 
16 
23 
18 
16 
18 
22 
26 

1 
13 

2 
23 
65 
17 
3 
2 
6 

18 
12 
-
1 
1 

-
2 
1 

18 
15 
-
15 
18 
-
10 

MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
R 
MS 
R 
MS 
HS 
MS 
MR 
R 
MR 
MS 
MS 
-

R 
R 
-

R 
R 
MS 
MS 
-

MS 
MS 
-

MS 

19 
25 
32 
27 
30 
28 
36 
28 
24 
-
18 
14 
32 
92 
29 
26 
28 
26 
36 
30 
50 

5 
35 
28 
30 
32 
38 
19 
30 
44 
41 
26 
26 

MS 
MS 
MS 
MS 
MilS 
MS 
S 
MS 
MS 

-
MS 
MS 
MS 
HS 
MS 
MS 
vS 

MS 
S 
MS 
S 
MR 
S 
MS 
MS 
MS 
S 
NS 
MS 
S 
S 
MS 
MS 

103841-1 
108341-3 
104405-1 
104440-3 

12 
9 

40 
-

MS 
MS 
S 
-

4 
3 

?8 
42 

MR 
MR 
S 
S 

3 
3 

35 
46 

MR 
MR 
S 
S 

30 
20 
70 
60 

MS 
MS 
HS 
HS 

6 
16 
57 
-

MR 
MS 
HS 
-

1 
1 

73 
72 

R 
R 
HS 
HS 

104443-1 75 HS 62 HS 40 S 70 HS 50 S 40 S 
104473-1 
102171-2 
102171-3 
102176-1 

15 
20 
-
-

MS 
MS 
-
-

38 
5 
1 

20 

S 
MR 
R 
MS 

19 

-
34 

-
MS 

-
S 

30 
-
1 

18 

MS 
-
R 
MS 

29 
8 
-
-

MS 
MR 
-
-

39 
-
1 

38 

S 
-
R 
S 

102176-2 
104687-1 
104691-1 
104691-2 
104692-2 
104696-1 

-
52 
51 
59 
74 
43 

-
HS 
HS 
HS 
HS 
S 

45 
39 
44 
47 
41 
37 

S 
S 
S 
S 
S 
S 

-
38 
44 
38 
42 
38 

-
S 
S 
S 
S 
S 

36 
60 
43 
60 
46 
48 

S 
S 
S 
S 
S 
S 

30 
40 
42 
4C 
34 
34 

MS 
; 
S 
S 
S 
S 

56 
53 
61 
53 
65 
55 

HS 
HS 
HS 
HS 
HS 
HS 

104697-1 40 S 43 S 40 S 44 S 31 MS 45 S 

Continued on next page 
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Table 26 continued 

Race 1 

Species Lesion Reaction 
code area type 

(%) 

103848-1 38 S 
104766a-3 36 S 
104766-2 10 R 
104642-2 44 S 

100962.2 4 MR 
100964-1 9 MS 

aTh

Race 2 Race 3 Race 4 Race 5 Race 6 

Lesion 
area 

Reaction 
type 

Lesion Reaction 
area type 

Lesion 
area 

Reaction 
type 

Lesion 
area 

Reaction 
type 

Lesion 
area 

Reaction 
type 

%) %) (%) (%) %) 

37 
44 

1 
1 

S 
S 
R 
R 

"0. 
34 
43 

1 
2 

perennis"
S 
S 
R 
R 

27 
42 

1 
49 

MS 
S 
R 
S 

23 
39 

3 
40 

MS 
S 
MR 
S 

52 
43 

1 
66 

HS 
S 
R 
HS 

14 
30 

MS 
MS 

6 
27 

0. latifolia 
MR 
MS 

23 
31 

MS 
MS 

7 
14 

MR 
MS 

23 
32 

MS 
MS 

The representative isolates of races 1. 2, 3, 4, 5, and 6 were PXO 61, PXO 86, PXO 79, PXO 71, PXO 111, and PXO 99.Reaction type: R = resistant, MR =moderately resistant, MS = moderately susceptible, S = susceptible, HS = highly susceptible. bFirst stxdigits represent the International Rice Germplasm Center accession number; final digit represents the plant
from which seeds were obtained fo," testing. 

Bacterial blight. An initial test of 0. miauta and 
11R31917-45-3-2 against six Philippine races of Xco 
siowed that 0. minuta was R to all isolates, while 
the IR parent was R to race I (PXO 61), MR to 
race5(PXO 112),and S to races 2,3, 4,and6. This 
disease reaction pattern suggests that the 0. sativa 
parent has resistance gene Xa-4. 

Nodal cuttings of O. sativa/ 0. ininutl F, hybrid 
plants were tested for reaction to !3B (Table 27). 
Most F, plants showed icsistance to all six races, 
indicating dominance tor resistance factors from 
the 0. minuta parent. However, a MS reaction to 
PXO 99 (race 6) was observed in one hybrid 
(WHC6-1), while a fully S reaction to PXO 71 
(race 4) was observed in another hybrid (WHC7-3). 
Both hybrids were derived from an 0. minutaplant 
(Acc. 101089) that was found to be polymorphic 
for the phosphoglucose isomerase isozymes. Tests 
are being made to confirm whether the factors 
conferrin6 resistance to isolates PXO 71 and PXO 
99 are heterozygous in the 0. inmita parent. 

The F, plants and the two parents in the cross 0. 
sativa (IR64)/0. latibolia (Acc. 100966) were tested 
for their reaction to BB. The F, plants were tested 
at maximum tiflering or at the flag leaf stage. The 
reactions ol the F, plants ware very similar to those 
of IR64 (Table 28), but some variations were 
observed. For example. WHD44-1 was MR to 
race 4 even though both parents were MS to that 
race. 

PATHOGEN GENETICS 

Plant Patlogy Department 

Experiments were done in collaboration with the 
University of Wisconsin at Madison and Kansas 
State University. 

Blast ftigu. Frequent shifts of virnilence in the 
BI fungus have been a constant problem in breeding 
durable resistance to the disease. Little is known 
about the genetics of virulence and the variability 
of -,he Dl fungus because of lack of systems 
amenable to genetic analysis. Recently, we s.. 
ceeded in using the sexual stage of the fungus to 
determine the genetic control of virulence on rice. 
Random spore and tetrad ralysis ;howed that 
two loci-- Pe I (pathogenicity on 0. sativ,,) and 
Pos2- - were involved in conditioning virulence to 
rice lines 51583 and Sha-tiao-tsao. From a cross 
between two field rice isolates, we identified three 
lo-i--Po-,3, Pos4, and Pos5--controlling virulence 
on rice lines K59, 28558, and Kinandang Patong, 
respectively. Joint segregation analysis showed an 
excess'of pareital types with respect to virulence. 
This might reflect genetic linkage of virulene genes 
or segregation of other genetic factors epistatic to 
virulence. The virulence genes are being mapped by 
restriction fragment length polymorphism analysis. 

Through genetic analysis, we have identified a 
buff pigment mutation that acts epistatically to 
virulence. T;ie buff gene controls melanin synthesis 



Table 27. Reactions of F1 hybrids of 0. sativa (IR31917-45-3-2)/O. minuta (Azc. 101089, 101141) and their parents to 6 Philippine races of Xanthomonas campestris pv.oryzae st maximum tillering.a IRRI, 1987. 

Race 1 Race 2 Race 3 Race 4 Race 5 Race 6:
Genotype

coda Lesion Reaction Lesion Reaction Lesion Reaction Lesion Reaction Lesion Reaction Lesion Reaction 
area type area type area type area type area type area type 
(%) (%) %) (%) (%) (%) 

IR31917-45-3-2 11 MS 11 MS 19 ?AS 27 MS 6O. minuta (101089, 101141) 3 MR 2 MR 4 Mr 
R 22 MS

1 R 1 R 1 R
F 1 hybridsb

WHC1-2 1 R - .- -
WHC1-3 1 R - - 1 R 1 R 1 R 1 RWHC1-4 1 R z 

- - 1 R 1 R - -WHC1-5 1 R 1 R 1 R 1 R 1 R 1 RWHC3-1 1 R 1 R 1 R 1 R 1 R 1 R <WHC3-2 2 R 1 R 1 R 1 R 1 R 2 RWHC3-3 1 R 1 R 1 
> 

R 1 R 1 R 1 RWHC6-1 - . . 1 R  - 9 MS dWHC7-1 4 PAR . - .-  6 MRWHC7-3 4 MR - -4 S - -  z 
WHC8-1 - . . . . R 1 R 
 ->
WHCB-2 - - 1 -- - - 1 RWHC8-3 1 R 1 R 1 R 1 R 1 R 1 RWHC8-4 1 R 1 R 1 R 1 R 1 R 1 R 

aThe representative isolates of races 1, 2, 3, 4, 5, and 6 are PXO 61, PXO 86, PXO 79, PXO 71, PXO 111, and PXO 99. R = resist.ant, MR = moderate-
N
>ly resistant, MS = moderately susceptible, S = suscep-tible. bThe first number represents the cross number; the final digit represents the plant that wastested. -
Z 

aM1 

FO
Xo 

X 
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in the fungus, which is essential for successful 
penetration of host cells. Buff mutants cannot 

C. 	 infect rice even though they have the correct 
.M,U) M combination of virulence genes. We are particularlya) 0 interested in identifying plant components that 

.
 U a ,may affect melanin synthesis in the fungus, as it 
might lead to durable BI resistance. 

( -,Bacterial blight pathogen. A collection of 
antibiotic-resistant mutants from six Philippinec.: in'0 races of Xco was obtained by spontaneous muta-

S , tion or by nitrosoguanidine-induced mutagenesis.
M ,I These genetically marked mutants were used as 

.0 , M n cc recipients in conjugal matings with Escherichia 
X. co/i. Conjugal matings were achieved-by using Xco , 

CL .2w a) strains that had been adapted to Czapek-Dox- mdu.Temdu_. ') c. U)U)- (n ,* medium.The medium suppressed the growth of E,.0
 
,C a) 	 0
-.
 coli, thus allowing 	the selection of slow-growing.
 0 Xco transconjugant, via triparental mating with 

. p,- N W (D0 helper plasmids. The available genetic system now
_J 
 enables us to analyze the structure and function of 

.2.	 .( genes involved in pathogenesis.,U U)L U n C In addition to the development of a conjugal 
gene transfer system, we searched for lysogenic, 
 . phages in Xco as a potential tool for genetic'analysis. Supernatants from each tested isolate 

"J-0 " "" o were obtained by centrifuging 24 .h prptone broth 
M2 .C (L - cultures at 10,000 rev/ min forCL C n o o-.	 i min.'Fenmicroliters of chloroform-treated sapernatant was spot

a:×S plated onto indicator strains to look for the 
, presence of plaque-forming phages. Over 500 

o .2 	 LOV 0N.4 	 isolates from 6 Xco races were tested, 	 but noJ.r lysogen was detected. Several isolates of race 4 
UC 

.2 	 €o consistently gave turbid plaques when infected 
' I 


" a 	
with phages that were virulent to other races. .,C.4 Temperature and ultraviolet light induction are 

.0 being usLd to determine whether these race 4 
LOL, M t I isolates could harbor lysogenic phages.o .% 	 DNA probes for differentiation of pathogen 

t0 strains. Genomic DNA libraries of the BI fungus
and BB pathogen have been constructed in plasmid

0 .cloning vectors. Such libraries provide a source of 
,-' 
 aE 

random DNA sequences that can be used as0 MU) diagnostic probes in epidemiological studies. 
cc 	 V.'C , .q From a cosmid library of Xco race 2, we 

C1 
 a r C 	 identified a repeated DNA sequence that appeared
to reveal race-specific polymorphisms when hybrid1- -u. 	 2 ized with digested genomic DNA of Xco races (Fig.a-


14). Also, in the BI fungus, a repeated DNA 
sequence that hybridized with digested DNA of 
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P 6 5 4 3 2 

Immob'];zed 
DNA 

Biotinylated Avidin Biotinylated 
DNA probe or alkaline 

streptavidin phosphatase 

5-bromo-4-chloro-3-indolyl phosphate (BCIP)
Nitro-blue tetrazolium (NBT) 

15. Nucleicacid hybridization with biotin-labeled probe. IRRI,
' I • :1987. 

14. Southern blot of EcoR I-digested A'anthonotas canipesiris 1 2 3 4 5 
pv. or'v:ae DNA probed with a '2P-labeled repeated DNA
 
sequence p,I E L 10 , IR RI, 1987. Samples 1,2, 3,4, 5, and 6 refer
 
to the 6 races in the Philippines. P1refers to the plasmic
 
pJELl01. Note bands (arrows) unique to races 1, 2,4, 5, and 6. 23.0 I 

9.4 • 1I6.2 •.
rice isolates but not with the DNA of two nonrice 

isolates was identified. These probes will be used to 
characterize field populations of the BI fungus and 
Xco. 

Biotin-labeled probes. Due to problems in 
obtaining a reliable supply of 32 P-radioactive 
nucleotides, we explored the use of a nonradio- 27 110, 
active labeling technique with biotinylated nucleo- m 
tides. This technique exploited the high affinity 
between biotin and avidin or streptavidin. Bio- 1.7 0 **040 
tinylated DNA molecules could be coupled with 
biotinylated enzymes using avidin or streptavidin 
as an intermediate (Fig. 15). The DNA streptavidir,-. 
or avidin-enzyme complex will in turn give a color 
reaction with enzyme substrates. 16. Southern blot of EcoR I-digested DNA of Xanthornonas 

Using standard nick-translation, DNA sequen- cain'stris pv. ort'-ae pathovars, IRRI, 1987. The blot washybridized with a biotin-labeled cosmid clone from a genomicces from Xco were labeled with biotinylated library of PXO 112. Lane I = X. campestris pv. or7.',ola, 2= 
deoxyribonucleotides and used to hybridize with X. campestris pv. inanihotis,3 = X. campestris pv. campestris. 
genomic DNA digested by restriction endonuclea- Lanes 4 and 5are race 4(I'XO 71) and race 2(PXO 86) of X. 
ses. Southern blot analysis showed that biotiny- (ampestris pv. orvzae. respectively. 

lated DNA probes could detect DNA poly
morphisms in various X. catnpestris pathovars 
(Fig. 16). The same biotin-labeled probe had been such as photobiotin labeling will be tested to 
found to be sensitive enough to differentiate Xco develop a technique that will be simple and 
from other pathovars of X. campestris in dot blot sensitive enough for routine blot hybridization 
analysis. Other nonradioactive labeling procedures analysis. 
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SOURCFS OF RESISTANCE resistant to nine insect pests but none to whorl 
Entolnoliql and Plant Breeding Departments and maggot Hrdrellit, Ihililp1ina (Table I). Of theInternationalRice Tsting Program 172,347 lines and other materials tested, 99% were 

Evaluation of germplasm 
evaluated for resistance to brown planthopperand other materials (IIPI-!), green leafhopper ((GIH), and yellow stem(lontomolo.r and Plant Breeding). Screening of borer (YSB), indicating the current importance ofgermplasm collections in 1987 identified accessions these rice insect pests (Table 2, 3, 4). 

Table 1. Screening of germplasm and breeding lines for resistance to insect pests. IRRI, Jan-Nov 1987. 

Gprmplasm collections Lines and other materials 
Insect Tested Resistant Tested Resistant 

(no.) (no.) 
no. % no. % 

Brown planthopper Nilaparvata lugens 
Biotype 1 4,426 517 a 11.7 48,246 40,232 83.4Biotype 2Biotype 3 0 

0 
-
-

- 17,746 11,372 64.1 
Whitebacked planthopper Sogatella furcifera 

- 20,590 15,097 73.31,524
Green leafhopper Nep hotettix virescens 53 

2 
a 

0.1 1,560 9 0.61,623 3.3 82,142 44,289 53.9Yellow stem borer Scirpophaga incertulas 1,778 97 a 
5.4 1,661 257Leaffolder Cnaphalocrocis medinalis 15.5

2,498 205 a 
Leaffolder Mdrasmiapatnalis 

8.2 126 0 02,253 1,123a 49.8Whorl maggot Hydrelliaphilippina 126 0 02,991 0 0 126 0 0Caseworm Nymphula depunctalis 2,617 5a 0.2 126Hairy caterpillar Rivula atimeta 0 02,904 448 a 15.4 126Rice thrips Stenchaetothrips biformis 0 0438 118 27 308 55 17.8
Total 23,052 2,568 11.1 172,883 111,311 64.4 

aFor retesting. 

Table 2. Sumiary of breeding lines and varieties screened
for resistance to brown planthopper (BPH) Nilaparvata 

Table 3. Summary of breeding lines and varieties screerid
for resistance to green leafhopper Nephotettix virescens.lugens.a IRRI, 1987. IRRI, 1987. 

Test materiaib Tested Resistant
 
(no.) 
 Test material 

no, Tested Resistant(no) no. %
 
Germplasm collection 1,521 248 16,3 
 Germplasm collectionHybridization block 1,623 530 3.3654 392 59.9 Hybridization block (DS)(S ard WS) 218 66 30.3

Hybridization block (WS)Pedigree nurseries 86,582 229 93 40.666,701 77.0 Pedigree nurseriesb 78,443Observational yield trial 41,943 53.55,132 3,374 65.7 Observational yield trial (DS)(S and WS) 490 297 60.6
Observational yield trial (WS) 1,304 1,089 83.5Replicated yield trial 2,467 2,148 87.1 Rainfed lowland yield trial(OS and WS) 99 62 62.6Replicated yield trial (DS)GEU elite lines (DS and WS) 384 242 63.0378 272 72.0 Replicated yield trial (WS) 387 242IRTP materials 62.51,542 814 52.8 GEU elite lines (DS)Wild rice lines (0. officinalis) 3,081 1,866 60.6 

63 36 57.1
GEU elite lines (WS) 63Tissue culture and 32 50.8542 348 64.2 IRTP materials 436 168 38.5F1 F hybrids 26 19 73.1Chinese, Korean, and UPLBC 2,359 1,543 65.4 risWild ricesmaterials F1 140 38 27.1Other materialsTotal or average 104,249 77,406 74.25 14 6 42.9 

Total or average 83,919 44,386 52.9 
aMaterials tested for BPH biotypes 1, 2, and 3. bDs = dry a bseason, WS = wet season. CUniversity of the Philippines To be retested, Includes pedigree nurseries, Nov 1986at Los Bafios. up to start of Nov 1987. 
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Table 4. Summary of breeding lines and varieties screened 
for resistance to yellow stem borer (YSB) Scirpophaga 
incertulas. IRRI, 1987. 

Test matsrial(o) Selected 
(no.) no.. 

Ts arilTested 
_no. 
 % 


97 aGerrnplasm collection 1778 5.4 

Stem borer composites 179 22 12.3 
Replicated yie;d tr;al (DS) 383 10 2.6 
Rep!icated yield trial (WS) 368 62 16.8 
GEU elite lines (DS) 63 12 19.0 
IRTP materials 441 104 23.6
UPLB materials 227 47 20.7 

Total or average 3439 354 10.3 
aFor further testing. 

IRTP insect resistance trials. (International Rice 
Te'sting ProgramandI Enlotnohiio./t). Insect resist-
ancc information from 1986 International Rice 
Testing program (IRTP) nurseries was analyzed in 
1987. Table 5 shows entries that performed well. 
across locations. Entries rated resistant to specific 
insects at certain locations are given in Table 6. 
Detailed results on IRTP trials are included in the 
IRT I section of this report. 

Resistance of progenies of Oryza sat,';-7 and 0. 
officinalis crosses (Plant Bree(dning aid Entomnol
ogy). We have derived 633 BC2,F, progenies from 
the crosses of 3 breeding lines of O. sativa with 
several 0. offiinalis accessions. In the 1987 wet 
season (WS), 633 3C2',(, pedigree lines were 
evaluated by the standard seedbox screening test 
(SSST) for BPH biotypes 1, 2, and 3, and the 
Mindanao BPH biotype. Of the 633 progenies 
screened, 329 showed resistance to biotype I, 195 
to biotype 2, and 	 263 to biotype 3. Only 102 
progenies showed resistance to the virulent Min-
darao BPH, and only 50 showed resistance to all 
biotypes tested. The pedigree lines IR54742-23-1 I-
19-6 and IR54745-2-23-19-8 showed high resistance 
to all biotypes. 

Resistance of GEIU elite lines (ontwnologv andI 
Platt Breeding). We evaluated 63 elite lines in WS 
for resistance to leafhoppers and planthoppers 
using SSST. Of the 24 lines resistant to GLH, to 
BPH biotypes 1,2, and 3, and to Mindanao BPH, 
7 were moderately resistant to whitebacked plant-
hopper (WBPH) (Table 7). About 60% ofthe GEU 
elite materials during the dry season (DS) and WS 
were resistant to the 3 BPH biotypes. 

Table 5. Best entrics in 1986 IRTP insect nurseries. IRRI, 
1987. 

Nurserya Trials Entries rated resistant 
(no.) 

IRBPHN 22 PTB33, IR27316-78-3.3, 
IR29725-109.1-2-1, IR28224.3

2-3-2, 1R13427-45-3-1-2-2.2, 
IR29692-94-2-1-3, IR32822-2-2
3-2, RNR3070, Rathu Heenati 
(Acc. 11730) 

IRWBPHN 	 Bahbolon, IR13475-7-3-2,
 
1R13427-45-3-1-2-2-2,
IR 15529-253-3-2.2-2, Rathu 
heenati (Acc. 11730), 1R2035
117-3, Ih15795-151-2-3-2.2, 
IR17307-11-2-3-2, IR28154-101
3-2, IR 15527-21-2-3 

IRSBN 2 
Vegetative phase IR45, IR4619-57-1-1.2-1, W1263 

(Ace. 11057) 
Heading stage IR15795-151-2.3-2-2, IR28150

84-3-3.2, IR4619-57-1-1-2-1,Ratna 

aIRBPHN = International Rice Brown Pianthopper
Nursery, IRWBPHN = International Rice WhitebackedPlanthopper Nursery, IRSBN = International Rice Stem 

Borer Nursery. 

Resistance of Korean lines (Entoniology and 
Plant Breeding). We screened 108 Korean lines at 
IRRI against BPH and WBPH pests using SSST 
and identified lines resistant to BPH biotypes I 
(96%), 2 (50%), and ? (68%) (Table 8). Only 6% of 
the Korean lines were moderately resistant to 
3PH. 

Using the modified seedbox screening test, we 
screened 46 Korean lines identified susceptible in 
SSST and found 13 lines resistant. Among the 13, 
HIR661549-6-3, SRI 1027-B-B-145-2, and YR3583
28-3-7-1-1 exhibited antibiosis to BPH biotype 2, 
as indicated by lower growth indices. 

Resistance of F, rice hybrids (Entornologi, and 
Plant Breeding). We screened 26 F, hybrids and 
their parents. Among them, 81% resisted Nepho
tetti.x virescens and Nilaparvata lugens, while 50% 
were resistant or moderately resistant to Sogatella 
fiirciira. In growth index studies, the F, hybrids of 
IR54752A crossed with IR28723-143-3-2-IR, 
IR27315-145-1-3-2R, IR54R, and IRI3419-113-
IR exhibited antibiosis to N. lugens biotype 2. 
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Table 7. Res;stence of selected wet season GEU elite fines ii! ( GIA-n Pankh-, 203
and IR varieties to leafhoppers and planthoppers. IRRI, GLH(noAOSi) RTV(%) RC1154 

1987. 
(Gih-2) Pal-thor 

Reaction a to (-) u.,,, Rjan. 

(,6,-6) TAP. 796
Variety or line BPH biotypes 

fg-4) "78 

3 Minda- GLH WBPHb - { o6o,6opo.1 2 
nao -- (Ga-5) ASoR 

" 7G-3)IR8 

IR8 S S S S S S 1(0gen.l 9I,
 

1R36 R R S 
 S S S 200 100 0 50 100
 
IF64 R R A S R S
 
IR66 R R R S R 
 S 1. Green leafhopper (GI.H) count at 30 d alter transplanting
IR19319-1-2-1-1-2 R MR R MR . MR ([)I) and tungro (RTV) (0j) at 60 DI on differential hosts in
IR28224-3-2-3.2 R R MR MR R S Midsayap, North Cotabato, Philippines, 1987 WS.
 
IR28228-12-3-1.1-2 R R R MR MR S
 
IR29723-88-2-3-3 R R R R R S
 
IR32429-47-3-2-2 
 R R R MR R S
 
IR32429-122-3-1-2 R R R R R S 
 GO-0 Ponho,, 203 
IR32453-20-3-2-2 R R R R R S GLH(no/O hills) RTV(/) (-)ARC11554 
IR33043"46-1-3 R R R H R MR 
IR33059-26-2-2 R R R H R MR (G-2) Po ,, 01 

IR34686-179-1-2-1 R R R MR R MR 1-) ,, Rojopon
IR35366-28-3-1-2-2 R R R R R MR (C,-6) APL796 
IR35366-62-1-2-2-3 R R R R R MR I(91-4) Pb 8
IR35366-90-3-2-1-2 R R R MR R S (G,- Io dd, .opn
IR37873-16-2-3-3-3-1 R R R R R S (G-5) ASH
 
IR40720-72-1-2 R R R R MR S
 
IR41985-77-3-3-3 R R R R R S (67-3) ,8
 
IR41996-12-2-2-3 R R R MR MR S 
 0ge..) TN1 
IR41996-118-2-1-3 R R R R MR S M
 
IR41996-163-2-1-2 R R R R R MR 200 100 0 50 100
 
IR42028-50-2-1-3-2-2 R R R MR MR S 2. GLH count at 30 l)" and RTV (%) at 60 DI 
 on differential 
IR42029-38-1-3-3-2 R R R MR 9 S 
IR42068-22-3-3-1-3 R R R MR R S 
IR44530-4 i -1-2-1 R R R R R S 
IR44595-70-2-2-3 R R R MR R S 
TN1 S S S S S S Growth noex 

= a = resistant, MR = moderately resis.ant, S susceptible. 
bWhitebacked Dlanthopper. Based on modified seedbox 

screening technique. 

Table 8. Level of resistance of 108 Korean lines to N. 
lugens biotypes 1, 2, and 3, and to S. furcifera. IRRI, 0 
Jan-Mar 1987. PTB33 IF?62 IP66 IR36 IR64 TN! 

2 genes Bph-3 bph-4 bph 2 Bph-7 0 gene 
Lines (%)with damage 3. Brown planthopper (BPH) reactions selected varietieson 

Pest Biotype score8 of irrespective of location. IRRI. 1987 WS. 

1&3 5 7 9 

N. lugens 1 84 12 4 0 (Bph-I), and IR66 (bph-4) were becoming sus
2 15 35 44 6 ceptible (Fig. 3). PTB33 (two resistance genes) and 
3 49 19 26 6 1R62 (Bph-3) were still resistant at all six Philippine 

S. furcifera 0 6 40 54 locations. 
Screening for whitebacked planthopper 

aBased on 0-9 damage scale in the standard seedbox resistance-effect of temperature (Entomology).
screening test: 0 = highly resistant, 9 = highly susceptible. We determined whether differences in temperature 
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Table 7. Resistance of selected wet season GEU elite lines 	 -)) ,0oPor, 

and IR varieties to leafhoppers and planthoppers. IRRI, GLH (no/1hs) RTV )RC14
 

1987. 
(Gin-;) POlosihatn 

Reaction a to 	 u,, pon-I U-
:" il(ur,,-6 TAPL796 

(61-4) T'tb7Variety or line BPH biotypes 

1 2 3 Minda- GLH WBPHb 	 (G-'1Mo-, Konrupp 

riao 	 (Gi-C 0508O 

(Gi-3) 0R8 

IR8 S S S S S S .... ... _ (0 j.-o) TN
 

IR36 R R S S S S 200 
 100 0 50 1O0
 
IR64 R R R S R S
 
IR66 R R R S R S 
 I. Green lealhopper (GI.H) count at 30 d after transpanting
IR19319-1-2-1-1-2 R MR R MR R MR (DT) and tungro (RTV) (0j) at 60 DT on differential hosts in 
IR28224-3-2-3-2 R R MR MR R S Midsavap. North Cotabato, Philippines, 1987 WS.
 
IR28228-12-3-1-1-2 R R R MR MR S
 
IR29723-88-2-3-3 R R R R R S
 
IR32429-47-3-2-2 R R R MR R S
 
IR32429-122-3-1-2 R R R R R S 
 (Gi,-1)Ponfa,, 203 
IR32453-20-3-2-2 R R R R R S GLHC(o/lOh,,s) RTV(%) (- AC11554
 
IR33043-43-1-3 R R R R R MR
 
IR33059-26-2-2 R R R R R MR 	 (fi-2) P. 601,io,, 


IR34686-179-1-2-1 R R R MR R MR 	 (-) U,,Rojopon 

IR35366-28-3-1-2-2 R R R R R MR 	 (MA-6 TAPL796 
IR35366-62-1-2-2-3 R R R R R MR (g.-4) Pl 8
 
IR35366-90-3-2-1-2 R R R MR R S 
 (6,0.7) Moddo.GorUPP0n 
IR37873-16-2-3-3-3.1 R R 9 R R S
 
IR40720-72-1-2 R R R R MR (G-5)
S 	 AsDB 

IR41985-77-3-3-3 R R R R R S (C^-3),R8
 
IR41996-12-2-2-3 R R R MR MR S 
 (0 g-*) NIm 

IR41996-118-2-1-3 R R R R MR S 50
 
IR41996-163-2-1-2 R R
R R R MR 
IR42028-50-2-1-3-2-2 
 R R R MR MR S 2. GI.H count at 30 DTand RTV (at 60 DT on differential 
IR42029-38-1-3-3-2 R R R MR R S hosts. IRRIa1987 WS.
 
IR42068-22-3-3-1-3 R R R MR R 
 S
 
IR44530-41-1-2-1 R R R R R S
 
IR44595-70-2-2-3 R R R MR R S
 
TN1 S S S S S S Grjwth inoex
 

bR = resistant, MR = moderately resistant, S = susceptible.
bWhitebacked planthopper. Based on modified seedbox 
screening technique. 

4 

Table 8. Level of resistance of 108 Korean lines to N. 
lugens biotypes 1, 2, and 3, and to S. furcifera. IRRI, 0 
Jan-Mar 1987. PTB33 hR62 IR66 IR36 IR64 TN! 

- 2 genes Bph-3 bph-4 bph 2 Bph-7 0 gene 
Lines (% with damage 3. Brown planthopper (BPH)reactions on selected varieties 

Pest Biotype scorea of irrespective of location. IRRI. 1987 WS. 

1&3 5 7 9 

N. lugens 1 84 12 4 0 (Bph-l), and IR66 (bph-4) were becoming sus
2 15 35 44 6 ceptible (Fig. 3). PTB33 (two resistance genes) and 
3 49 19 26 6 1R62 (Bph-3) were still resistant at all six Philippine 

S. 	furcifera 0 6 40 54 locations. 
Screening for whitebacked planthopper 

aBased on 9-9 damage scale in the standard seedbox resistance-effect of temperature (Entomology).
screening test: 0 = highly resistant, 9 = highly susceptible. We determined whether differences in temperature 
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would affect WBPH infestation and damage to test 
varieties. Regardless of temperature, TNI and 
Podiwi A8 were susceptible to WBPH. The 
resistant check 1R2035-117-3 and the moderately 
resistant IR60 and IR65 remained unaffected, but 
mean damage ratings of other test varieties differed 
significantly at different temperature regimes 
(Table 9). The optimum temperatures for screening 
resistance to W BPH were 20 30 'C or 25/35 'C. 

Efficiency of green leaflhopper nymphs in tungro 
transmission (Entomology). Screening for RTV 
resistance uses GLH adults, but nymphs are used in 
screening for resistance to G L H. We tested whet her 
GLH nymphs could be used in screening for RTV 
resistance. We allowed 2d- to 3d-instar nymphs to 

feed on RTV-infected TN Iplants for 15, 24, and 72 
h. We then infested 7-d-old TN I seedlings at 1,3, or 
6 nymphs per seedling for 2 h. 

At infestation by I nymph/seedling, nearly 70% 
of seedlings became infected when exposed to 
nymphs having had acquisition feeding periods as 
short as 15 h. In another test, 7-i-old TN I seedlings 
were infested for 1, 2, or 6 1 with GLH nymphs 
that had fed overnight on source plants. A I-h 
inoculation feeding period was enough for RTV 
transmission. We also successively infested 4 
healthy TN I seedlings at 2-h intervals with single 
viruliferous nymphs: 71% of infective nymphs 
transmitted RTV to the first seedling, 78% to the 
second and third, and 58% to the fourth. 

Table 9. Effect of temperature on S. furcifera damage rating of selected varieties.a IRRI, 1987. 

Damage rating at indicated night/day temperature 
Variety or line 

15/20 °C 15/25 °C 20/30 0 C 25/35 OC 
Mean 

IR48 4.17 5.50 6.33 5.67 5.42 
IR52 3.6; 5.83 5.00 5.00 4.88 
IR60 4.67 5.00 5.50 5.50 5.17 
IR62 3.67 4.83 5.00 4.83 4.58 
IR65 4.67 5.00 5.67 5.83 5.29 
SR 11027-50-2.2 4.00 5.17 5.83 6.00 5.25 
HR6615-9-3-2 3.67 5.83 5.83 6.00 5.33 
YR6408 Acp 75 3.33 5. 7 5.67 5.83 5.00 
Gayabyeo 3.67 5.17 4.50 7.00 5.08 
Milyang 82 3.83 6.00 6.50 7.00 5.83 
Podiwi A8 4.83 6.50 7.00 6.50 6.21 
N22 3.83 2.50 5.33 2.83 3.62 
TN1 5.00 7.17 7.17 7.50 6.71 
IR2035-117-3 3.00 1.50 3.17 2.00 2.42 

Total meansb 4.00 c 5.08 b 5.16 a 5.54 a -

aAv of 12 replications. bMeans followed by a common letter are not significantly different at the 5% level by DMRT. 

Table 10. N. lugens biotype 2 reaction on selected rice varieties. a IRRI, 1987. 

Adult Development Longevity Viable 
Variety recovery period of female eggs 

M (d) (d) (no./female) 

TN1 92.5 c 12.5 c 18.2 d 279 b 
IR26 85.0 c 12.8 c 16.6 d 242 b 
Utri Rajapan 88.5 c 12.9 c 18.2 d 270 b 
Kencana 83.8 c 13.3 bc 5.9 bc 60 a 
Triveni 82.5 c 14.1 b 5.1 abc 86 a 
ASD7 36.2 bc 14.1 b 1.8 a 0 a 
IR56 15.0 a 15.8 a 2.1 ab 0 a 

aAv of 8 replications. bPlants were infested with 400 nymphs/45-d-old plant. 

Population Damane 

(no./cage) rating 

486 d 9.0 c 
445 d 9.0 c 
444 d 3.0 b 
227 c 2.3 ab 
131 b 2.3 ab 

16 a 2.3 ab 
2 a 1.0 a 
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NATURE OF RESISTANCE 

Entomolohq Department 

Tolerance for brown planthopper. Responses of 
BPH biotype 2 on Utri Rajapan. Kencana, and 
Triveni, considered tolerant, were compared with 
those on susceptible TNI and 1R26, and on 
resistant ASD7 and IR56. Nymphal growth and 
development, female longevity and fecundity, and 
increase in population of BPH biotype 2 on 
tolerant Utri Rajapan were not significantly 
different from those on susceptible TN I and lii26 
(Table 10). Utri Rajapan was significant!y less 
damaged than TN I or IR26 when infested with 400 
BPH nymphs/45-d.-old plant. 

Feeding behavior of brown planthopper bio-
types on resistant and susceptible rice varieties. The 
feeding activity of N. lugens biotypes I, 2, and 3 
was monitored on TNI (no resistance gene), 
Mudgo (Bph-I gene), and ASD7 (hph-2 gene) 
rices. Electronically recorded waveforms corres-

Probes (no) 
70 


MTN1 8 Mudgo ASD7 0
 

50 I 0 

30 

10 J 

C0 


Awoveform (min) 
70 

ab 
50 bb 

10-

Biotype 1 Biotype 2 Biotype 3 

ponding to planthopper probing, salivation, and 

ingestion on the leaf sheaths of susceptible and 
resistant rice plants differed significantly. All three 
biotypes probed reaJily and fed longer on their 
respective susceptible varieties than on resistant 
varieties (Fig. 4). The quantity of food ingested and 
assimilated was also significantly higher on sus
ceptible than on resistant plants. 

Effect of mineral, salinity, and temperature 
stresses on rice plants and on the whitebacked 
planhopper population. We conducted phytotron 
studies to determine the effect of N, K, salinity, and 
temperature stresses on rice growth and on WBPH 
population increase. Rice plants were grown in 
culture solutions for separate N, K, and salinity 
tests, and 35-d-old plants were infested with 5 pairs 
of W BPH ad ults. 

Increasing the N level increased plant height and 
tiller number and significantly reduced root length 
(Table II). W13PH population also increased with 
increase in N level, but differences in insect 

Solivotion (min) 
70 

50 b 

30

10:
 

.
....il .... 


Ingestion (min) 
70 i 

aa 

50 

30 

b 

0o 

Biotype 1 Biotype 2 Biotype 3 
4. Feeding behavior of BPI-I bioivpes on differentialy susccptible and resistant rice varieties. IRRI, 1987. 

30 

01 
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Table 11. Effect of nitrogen and potassium stresses on rice plants in culture solutions and on S. furcifera population.a 
IRRI, 1987. 

TN1 IR2035-117-3 Nymphs and adults (no.)

Concn. 
 -
(ppm) Height Tillers Root length Height Tillers Root length TN1 IR2035-117-3 Differenceb 

(cm) (no.) (cm) (cm) (no.) (cm) 

Nitrogen
5 39.1 c 3.8 c 30.1 a 47.8 c 4.1 c 50.8 a 311.8 a 5.8 a 306.0** 

40 64.9 b 10.1 b 30.Oa 73.8 b 10.1 b 47.8 b 1618.8 b 21.3 b 1597.5 * * 
200 71.9 a 14.1 a 14.5 b 79.3 a 13.3 a 20.2 c 2183.8 c 57.5 c 2126.3"* 

Potassium 
3 63.6 b 11.2 b 34.7 b 57.1 c 13.3 c 41.8 b 665.0 b 50.0 c 615.0 " ° 

40 71.8 a 12.4 a 38.6 a 76.0 b 13.7 b 48.8 a 551.0 ab 33.0 b 518.0** 
200 71.8 a 12.6 a 38.2 a 78.5 a 14.6 a 48.5 a 446.0 a 22.0 a 424.0"* 

aln a column under each parameter, means followed by a common letter are not significantly different at the 5% level by 
DMRT. Rice plants were measured after 40 d of N stress and 50 d of K stress. 	 wereFive pairs of WBPH released, and 
counting was done about 45 d after release for N and 30 d for K. b*, = significant at the 1% level by LSD. 

populations on susceptible TNI and resistant WBPH population was significantly higher on 
IR2035-117-3 remained significant. TN I grown at 29/21 °C (day/night temp) than at 

Plant height, tiller number, and root length were higher (36/ 28 °C) or lower (24 16 'C) tempera
low in plantsgrown in K-deficient culture solution. tures (Table 13). On resistant IR2035-117-3, insect 
Increase in K significantly reduced WBPH populations were significantly higher at both higher
popualion, and lower temperatures than at 29/21 'C. Thus, 

Salinity stress reduced plant height, root length, both lower and higher temperature stresses reduced 
and weight of rice plants (Table 12). WBPH resistance. 
populations on sl'lnity-stressed TN I and IR2035- Response of striped stem borer on selected wild 
117-3 weie sign.,icantly higher than on control rices. Freshly cut, 18-cm-long stalks of 5 wild rice 
plants. However, WBPH populations on tolerant accessions in glass jars were separately infested 
varieties Nona Bokra and Pokkali did not increase with 50 first-instar larvae per jar, 2 jars per
significantly when salts were added, accession. Rexoro was the susceptible check, and 

Table 12. Effect of salinity stress on rice plant growth and increasa in S. furcifera population.' IRRI, 1987. 

VarietiesParameter Treatment b 


TN1 IR2035-117-3 Nona Bokra Pokkali
 

Plant height Salinity 71.2 c 62.9 d 105.0 b 119.9 a
 
(cm) Control 74.3 d 81.7 c 116.4 b 128.6 a
 

"% - - 4.2" -23.0** - 9.8** - 6.8
Tillers Salinity 5.2 ab 5.6 a 4.8 b 3.0 c

(no.) Control 5.4 b 4.8 c6.4 a 3.0 d 
% ± - 3.7 ns -12.5* 0.0 ns 0.0 ns 

Root 	length Salinity 15.5 d 31.1 a 29.0 b 21.5 c 
(cm) Control 24.3 d 38.6 b 41.8 a 30.2 c 

% ± -36.2 ** -19.4** -30.6"* -28.8**
Fresh weight Salinity 100.3 c 68.9 d 163.7 a 150.2 b
of shoot (g) Control 145.1 c 92.5 d 224.2 a 213.8 b 

% - -30.9** -25.5" -27.0** -29.7*
Nymphs or adults Salinity 546.3 a 	 315.5 b51.5 c 31.0 b 

(no.) Control 433.5 a 28.0 c 255.0 b 252.8 b 
% ± +26.0 +45.6** +23.7 ns +22.6 ns 

a In a row, means followed by a common letter are not significantly different at the 5% level by DMRT. ns = not signifi
cant, * = significant at the 5% level, ** = significant at the 1%level by LSD. bLevel of salts was EC 12 dS/m (6800 ppm) 
except for IR2035-117.3 (EC 10 dS/m or 5000 ppm). 
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TK M6 the resistant check. Jars were covered with 
black cloth held tightly with rubber bands and kept 
at room temperature to allow larvae to grow. Rice 
stalks were dissected at 4-d intervals, and the 
collected larvae were weighed and transferred to 
fresh rice stalks until pupation. On all wild rices, 
larvae were underweight and failed to pupate. 
L.arval survival was 37"1 on IK M6 and 63% on 
Rexoro. 

Stem borer neonate sensitivity to handling. We 
investigated whether neonate handling has any 
gr-)wth-inllibiting effect on pink stem borer Sesa-
inia inb'rens reared on an artificial diet. When 
neonate larvae were transferred with a camel hair 
brush to a Southwestern corn borer diet, pupae 
reared from them weighed less than those reared 
without disturbance from the blackhead egg stage. 

Effect of plant age on susceptibility to yellow 
stem borer. We measured survival of YSB larvae 
and degree of' damage on 1164 plants of varying 
ages infested with newly emerged larvae at 15 
larvae! 20 tillers per pot. Few larvae survived and 

Table 13. Effect of temperatuie stress ana varietal resis-
tance on population increase of S. furcifera. IRRI, 1987. 

Day/night Nymphs and adults (no.) 
temp (C TN1 IR2035-117-3 Difference a 

16/17 427.8 b 67.8 a 360.0* 
*29/21 585.8 a 34.8 b 551.0 

35/27 594.3 a 75.3 a 519.0"" 
24/16 441.5 b 72.3 a 369.2** 
29/21 519.5 a 39.5 b 480.0** 
36/28 24.8 c 21.3 b 3.5 ns 

a.. = significant at the 1% level by LSD, ns = not signifi-

cant, 

emerged on younger rice plants (Table 14). Survival 
increased with plant age up to 34 and 40 d after 
sowing (DAS), but thereafter declined progres
sively. Consequently, fewer deadhearts were ob
served in younger plants than in plants at 34, 40, 
and 46 DAS; deadheart count declined sharply at 
52 DAS. I.arvae were heaviest on plants at 40 
DAS, they weighed less on plants at 34, 46, and 52 
DAS. 

Performance of Marasmia patnalis on selected 
rice varieties. We measured M. pauialis feeding 
response, fecundity, hatchability, and growth index 
on 10 rice varieties including resistant TKM6 and 
susceptible IR36 checks. On most test varieties, M. 
panmalis fed less, laid fewer eggs, and developed 
more poorly than on susceptible IR36 (Table 15). 
Hatchability was also significantly less on Kamal
bhog and ASD7 than on IR36. 

Yield loss due to leaffo!ders. We conducted field 
trials to determine leaffolder (LF) damage to IR36 
rice plants at 45, 55, and 65 DAS and at different 
infestation levels, using adults( 1986 WS) or eggs at 
the blackhead stage (1987 DS). Results showed 
that 11,36 yield decreased as infestation level 
increased. As insect density increased, a larger leaf 

surface area was scraped by larvae. 
Settling and feeding preference, and growth ofrice leaffolder on selected wild rices. We evaluated 

four wild rices -0. australientsis, 0. nivara, 0. 
punclata, and 0. perennis---for their resistance to 

rice LF Cnaphalocrocis nedinalis. In a choice test,
fewer larvae settled and fed on 0. australiensis, 0. 
perennis, and 0. nivara than on susceptible IR36 
(Table 16, Fig. 5). None of the wild rices except 0. 
australiensis was more preferred than resistant 

Table 14. Survival and development of YSB S. incertulas larvae and damage at different days after infestation (DAI) on 
aIR64 plants of different ages. IRRI 1987. 

Plant Larval wt Survival (%) Adults that Deadhearts %) 
age (mg/larva) emerged

(DAS) 18 DAI 18 DAI 25 DAI (no.) 18 DAI 25 DAI 

10 0 a 0a 1 a 0a 10a 9a 
16 7.8 b 2ab 2ab 0a 22 b 12 b 
22 8.9 b 2ab 4ab 0a 25 b 14 b
28 12,8 c 4 b 5 b 5 b 27 b 16 bc 
34 34.1 de 68 d 55 d 33 c 
 69 c 66 de
 
40 41.2 e 68 d 52 d 63 d 
 69 c 71 e
 
46 33.3 de 37 c 
 49 d 48 c 57 c 56 d
 
52 29.8 d 28 c 28 c 
 41 c 27 b 26 c
 

aAv of 4 replications. 
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rable 15. Performance Mf leaffolder M. patnalis on selected rice varieties. IHRI, 1987. 

Dry wt (ing) Fecundity
Variety Accession no. of excreta/10 larvae (no. of eggs/ 

per 24 h female) 

Hatchs.lity 
(t10) 

Growth 
index 

Vazhaipoo Samba 59339 0.44 h 214 b 80 ab 3.03 ab
Choorapaudy 49529 0.36 I 186 b 78 ab 2.63 b
GE824 5909 0.42 i 192 b 78 ab 2.81 b
PTB33 19375 0.39 k 211 b 83 ab 2.97 b
Darukasail 45493 0.65 c 200 h 87 ab 3.27 abKamalbhog 43020 0.53 d 211 b 74 b 2.61 b
Kapur Kanti 46048 0.47 g 178 b 85 jb 2.59 bW1263 11057 9.50 f 156 b 78ab 2.54 b
Muthumanikam 15327 0.52 e 232 b 81 ab 3.05 abASD7 6303 0.67 b 202 b 73 b 3.25 ab
TKM6 237 0.40 173 b 30 ab 3.33 ab
IR36 30416 0.72 a 343 a 89 a 3.85 a 

Table 16. Settling rosponses of LF C. medina;is larvae on
 
leaf cuts of susceptible IR36 and wild rices in a choice
 
test. IRRI, 1987.
 

Larvae that
 
Plant 
 settled Differencea 

(%) 
IR36 87.5 75.0 °*
 

Oryza australiensis 12.5
 
IR36 65.3 30.6 °*
 

0. nivara 34.7 IR36 0. australiensis TKM6 0. australiensis 
IR36 70.8 41.6"° r.1 1 
0. perennis 29.2
 
IR36 51,4 2.8 ns
 
0. punctata 48.6 

*IR36 83.3 66.6 I
TKM6 16.7 
TKM6 41.6 -16.8**0. australiensis 58.4TKM6 61.6s
TKM6 22. sIR36 0. perernis TKM661.6 22.2 ns 0. rerennis 

0, nivara 38.9 
TKM6 51.4 2.8 ns 5. Feeding by C uedinalis larvae on leaf cuts of susceptible
0. perennis 48.6 1R36 arid resistant TKM6 plants vs Oryza australiensis and 0. 
TKM6 45.8 -8.4 ns pIrennis in 2-choice test. IRRI, 1987. 
0. pnctata 54.2
 
a = significant at the 1% level by the chi-square test,
 
ns =not significant, 
 resistant plants. On susceptible 1R36, the insect 

readily folded the leaf blade and fed steadily (Table 
18). In contrast, the insect was restless on resistant 

TKM6 plants. First-instar larvae caged on 0. TKM6 plants and consequently fed for reduced 
perennisshowed significantly lower weight at 15 d periods.
after infestation than on other rice varieties and Effect of nitrogen level on ieaffolder incidence 
wild rices (Table 17). and damage to susceptible and resiktant rice 

Spinning and feeding behavior of rice ieaffolder varieties. In a field trial at Lian, Batangas, N at 0, 
on selected susceptible and resistant rice plants. 30,60,90, and 120 kg/ha was applied to susceptible
Electronically recorded waveforms for te -pinning IR36, moderately resistant IR5865-26-1, and 
and feeding behavior of LF C. r:.'iiialiswere resistant TKM6 to study LF incidence on rice. At 
distinctly different on leaf blades of susceptible and 65 and 75 d after transplanting (DT), LF damage 
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Table 17. Weights of 5th instar C. medinalis larvae reared 
on susceptible 'R36, resistant TKM6, and selected wild 
rices.a IRRI, 1987. 

Plant 

Oryza australiensis 

0. nivara 
0. perennis 
0. punctata 
TKM6 (resistant check) 
IR3G (susceptible check) 

Weight (rng)/iarva 

S 1Spinning
16.8 b 

14.9 c 
8.2 e 

13.9 cd 
12.7 d 
18.8 a 

aAv of 10 replications, 10 larvae/replication. 

on IR36 and IR5865-26-1 increased significantly as 
N application increased. Damage to TKM6 plants 
ircreased significantly only at 120 kg N/ha at 75 
DT (Fig. 6). 

Artificial diet for rice leaffolder. To ensure a 
regular supply of LF, we reared C. medinalison an 

Damaged leaves (%) 

2 oa 

1 0 

4C
 

a /: 

b ]b 

80 

ab8 _________________ 

4pb 

Table 18. Means of electronically recorded events during 
60-min feeding by C.medina/is larvae on susceptible and 
resistant rice varieties.a IRRI, 1987. 

Variety 

TKM6 (resistint) 25.3 
IR36 (susceptible) 16.7 

Differenceb 8.6** 

aAv of 15 replications. Each 

Duration (min) 

Feeding Moving Resting 

10.8 19.8 4.1 
27.1 13.3 1.9 

-16.3"* 6.5** 2.2 ns 

replication had a fresh plant 
and a fresh larva. b,, = s!gnificant at the 1% level by
LSD, ns = not significant. 

artificial diet comprising agar, ground wheat germ, 
soy protein, ground pinto beans, sorbic acid, 
methyl paraben, aureomt ycin, ascorbic acid, torula 
yeast, casein, formaldehyde. and vaderzant vitamin 
mix (Fig. 7). The development period (14-21 d, av 
16.2 d) was comparable to that on susceptible IR36 

45 DT 

a;a 

65 DT 

ab ab 

iii
 

75 DT 

0 

-

0 30 60 90 120 0 30 6090 120 0 30 60 90120 

IR36 --- ==I I" -l---R565-26 - -n'' I-4----TKM6---------i 

N~trogen rate (kg/ho) 

6. Damage caused by rice Ikaffolders to susceptible IR36.moderately resistanmt IR5865-26-1. and resistant 
TKM6 rice plants at 45.65. and 75 I)T, with application of 0.30, 60, 90, or 120 kg N/ha. IRRI, 1987. 
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.'1 , .,b ., , 

S"newly 

,,by 

7. Artificial diet lor rearing ( o ediali. I RII. 1987. al 

imerted plastic cup with the dit. b)i lealfolder ll.F}larva 
lecding on the diet. ca pupated I.Finthecup, andd)al .Fadult 
and pupa reared on the diet. 

plants (17 d). Pupal weight, 	longevity, and fecun-
dity were similar for LF on the diet and for those on 
IR36. 

Protein profiles in leaffolder larvae feeding on 
resistant and susceptible rice varieties. We deter-
mined the basis for the low survival and reproduc-
tion of LF M. patnalis on resistant TKlvl6 rice. 
Total protein variability between 3d-instar larvae 
reared on resistant TKM6 and susceptible IR22 
rice plants was analyzed using disc gel electro-
phoresis. Of 34 protein bands detected, 24 were 
pre,.ent in TK M6-fed larvae and 28 bands in IR22-
reared larvae. Six protein bands, mostly cathodal, 
were distinct only in larvae feeding on TKM6, 

while nine protein bands, mostly anodal, were 
distinct in larvae feeding on IR22. The high 
frequency of bands #32 and #33 in larvae reared on 
susceptible 1R22 and their total absence in larvae 
reared on resistant TKM6 indicated the insect's 
inability to grow normally on the resistant variety. 

CHEMICAL. BASES OF RESISTANCE 

IEntotnologyt Cereal Chemistry, and Plant Breed-
inj, Dprtmet

in. 

Biochemical basis of host 	 selection by brown 

planthopper (Entomology). We studied the host 
selection behavior of BPH on TN I rice plants and 
on Leersiahexatdragrass. The odor of TN I plant 
volatiles, extracted by steam distillation, attracted 
rice-infesting BPI-! adults, whereas that of L. 

hexandra attracted grass-infesting BPH. TNlextract was more toxic to Ist-instar nymphs and 

emerged females of grass-infesting BPH 
than was L. hexandra extract (Table 19). Similarly, 
L. hexandra extract was more toxic to rice
infesting BPH individuals. Females of rice-infesting 
BPH ate less on TNI plants treated with L. 
hexandra extract. Intake and assimilation of food 

grass-infesting BPH was also reduced when L 
, , were treated with TNI extract.hepandra 

Gas chromatography of steam distillates from 
TNI rice versus L. hexandra plants indicated 
differences. TNI plants were richer in sugars,rtis n mn cd hnwr .hxnr 
proteins, and amino acids than were L. hexandra 
plants. Thus, rice-infesting BPH individuals 
adapted to feed on high concentrations of sugars 

and amino acids do not prefer nutritionally poor L. 
hexandra grass. Similarly, grass-infesting BPH 
individuals do not prefer nutritionally rich TNI 
rice plants. 

Phloem sap and susceptibility to brown plant
hopper (Cereal Chemistry and Entomology). 
Because BPH is a phloem feeder, we collected 
phloem sap from rice plants by cutting the bases of 
panicles in 80% ethanol or water diffusate from 
stem segments of 45-d-old plants. Bleeding sap 
from panicle bases had 50% more free sugars in 
susceptible IR8 plants than in resistant 1R26. 

Table 19. Toxicity of stean: distillate extracts of TN1 rice 
plants and L. hexandra grass to newly emerged females of 
rice- and grass-infesting N. lugens a IRRI, 1987. 

Treatmnt rosage Murtalityb 
weeratet 	 ;g/female) M% 

Rice-infesting BPH 
T1etat1 	 6 l 

TN5 extract 	 5 7 de 

10 12 cd 
L. hexandra extract 	 1 20 bc 

5 37 ab 
10 49 a 

eAcetone (control 0 3 

Grass-infesting BPH 
TN1 extract 	 1 17 c 

5 23 bc 
10 50 a 

L. hexandra extract 	 51 44 dd 

10 30 b 
Acetone (control) 0 4 d 

aAv of 10 replications, 10 females/replication. bUnder 
each parameter, means followed by acommon letter are 

not significantly different at the 5% level by DMRT. 
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Results with diffusates from 45-d-old plant stem 
segments were similar, and showed 50% more free 
amino acids in IR8. 

Plant volatiles, steam distillates, and fractions 
from vsrieties resistant to stem borer and leaffolder 
(Cereal Chemistry and Entomologv). Because of 
the labile nature of some plant volatiles, we 
developed a technique for collecting rice plant 
volatiles directly. Plant tissue (about 50 g) kept in a 

-3

glass container was subjected to low pressure (10 

mm Hg), the vacuum valve was closed, and the 
connecting collection chamber was kept at -70 'C 
for 24 h. The collected volatiles were saturated with 
sodium chloride, extracted thrice with 2 ml of 
methyl chloride, dried for 4 h with anhydrous 
sodium sulfate, and concentrated to 0.25 ml. The 
gas chromatography (GC) profiles of volatiles 
from su, :eptible Rexoro and resistant TKM6 
plants showed qualitative differences. Preliminary 
GC-MS (mass spectrometry) analysis by chemists 
at Louisiana State University suggested that the 
volatiles were a mixture of naturally occurring 
monoterpenes. 

After collecting volatiles, the residual plant 
material was dried at 40-45 'C, then ground and 
extracted with organic solvents of incieasing 
polarity for bioassays. Incorporation of 10% dried 
plant powder into diets ef C. medinalis Ist-instar 
larvae resulted in normal growth for susceptible 
IR36, delayed larval development for resistant 
TK M6, and higher mortality for resistant wild rices 
0. punctata, 0. perennis, and 0. nivara. Survival 
was 72% for the control diet, 65% for IR36 and 
TKM6, 52% for 0. nivara, 31% for 0. punctata, 
and 26% for 0. perennis. Thus, dried powder is a 
suitable starting material for isolating factors 
biocidal to LF. 

Cooperative GC-MS studies with chemists at 
the Laboratory of Chemical Evolution, University 
of Maryland, USA, identified volatile compounds 
other than pentadecanal in the steam distillate of 
TKM6 rice plants. They were citral, tetradecanol, 
hexadecanol, oleyl alcohol, l-octadecanol, and 
ethyl arachidonate. Most were less biocidal to 
striped stem borer and BPH nymphs thain was 
pentadecanol. 

Calli as media fcr screening yellow stem borer 
resistance (Cereal (hemistry, Plant Breeding, and 
Entonology). To demonstrate the chimical basis 
of YSB resistance, we reared YSB larvae on calli of 

cultivated and wild rices on MS-3 and LS media. 
First-instar YSB larvae failed to survive on 0. 
ridleyi callus, developed to 3d instars on resistant 
Chianan 2callus, and to 5th instars on susceptible 
Rexoro callus in 20 d at 28 'C and 12:12 
photoperiod. Crude protein content (dry weight) 
of callus was usually higher than that of rice. 
Amino acid pattrns were similar, but aspartic acid 
was lower in callus protein. 

INSECT BIOTYPES 

Entomology, Department 

Technique to purify biotype 1population of brown 
planthopper. Since BPH biotype I is maintained 
on TNI rice plants, which are susceptible to all 
three biotypes, the purity of biotype I is always 
questioned. We developed a technique to obtain a 
homogeneous population of biotype I from single 
male-female pairs selected based on their low food 
intake on rice varieties Mudgo and ASD7 with 
Bph-I and bph-2 resistance genes, respectively. The 
purity of this biotype Ipopulation wasdemonstra
ted in three generations based on differences in 
nymphal growth and development, and adult 
longevity and fecundity on resistant Mudgo and 
ASD7 and on susceptible TNI. 

Genetic differentiation among Nilaparvata 
lagens biotypes. Using horizontal starch electro
phoresis, we determined protein variation in N. 
lugens biotypes. Biotypes I and 2 differed genetic
ally at five loci: adenyl kinase (AK), malic 
dehydrogenase(MDH),phosphoglucoseisomerase 
(PGI), alkaline phosphatase (ALKP), and isocitric 
dehydrogenase (IDH). Biotypes I and 3 varied at 
four loci: MDH, PGI, ALKP, and IDH; biotype I 
and Lersia-infesting biotype at four loci: AK, 
M DH, PG1, and IDH" biotypes 2 and 3 at two loci: 
AK and M DH; biotype 2 and Leersia-infesting 
biotype at five loci: AK, MDH, PG1. ALKP, and 
IDH; and biotype 3 and Leersia-infesting biotype 
at five loci: AK, MDH, PGI, ALKP, and IDH. 

Morphometrics of whitebacked planthopper 
populations from China, Korea, and the Philip
pines. We examined differences in WBPH popula
tions, comparing morphometrics of sensory appen
dages (antennae, rostrum, and legs) of WBPH 
from China, Korea, and the Philippines. Scattered
plot diagrams based on computed discriminant 
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8. Satter-plot diagram based on computed discriminant scoresof 20 selected antennal, rostral, and leg characters of brachyp-
terOLIS females ( S. drciI'r collected frot China (o), Korea
(v). and the Philippines (O). IRRI. 1987. * - mean. 

scores of 20 selected and combined characters 
reveal distinct segregation of the 3 populations(Fig. 8). 

Morphometric differentiation among green
leafhopper populations from Bangladesh, India,
and the Philippines. Discriminant analysis of the 
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9. Graph of discriminant function I (FI) vs discriminant
function 2 (F2) of the pooled morphometrics of leg, antennal,
rostral, genital, and abdominal characters of N. virescens 
females collected from the Philippines (0), Bangladesh (o), andCoinibatore, India (v). IRRI, 1987. 

pooled morphometrics of abdominal and sensory
appendages (antennae, rostrum, and legs) showed 
that the three allopatric populations of N. virescens 
distinctly segregated from one another (Fig. 9). 

10. Primary oocvtes of . lugens, IR RI, 1987. a) leptotene, b) zygotene c) and d) pachytene, e)and f} diplotene, g) diakinesis, h) and i)premelaphase I,jfmetaphase I, k)anaphase I. 1)telophase I. Mi:gnification, IO00X (oil immersion). 
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Tile leg characters were most discriminating. The 
Indian N. virescens population was completely 
different from the Philippine and Bangladesh 
Populations. 

Allazyme differentiation in two rice leaftolder 
species. Allozyme differentiation (14 loci) between 
C. nedinalis and Al. patna/is was investigated 
using horizontal starch gel electrophoresis. The 
species differed remarkably in esterase locus in the 
laival and pupal stages and also in isocitric 
dehydrogenase (IDH) locus. AM. patnalis was
differentiated for Ii)H-2'1 4, while C. nedinalis was 

.
differentiated for ID1--2"' The species differed 
further in the acid phosphatase locus. Al. patna(is 
showed slower migrating isozymes, while C. 
inedinalis had faster-moving isozymes. 

* 

9 
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Ii. Photonicrograph (top) and karvogran (bottnom) of the
premetaphase brain chromosomes of female A'. vir~.oSens, 
IRRI, 1987. NOR = nucleolar organi/ing region. 

CYTOI.OGY OF INSECT PEIS 
Entomology Department 

Oogenetic cells and chromosomes of brown 
planthopper. We studied genetic mitosis in the 
oogenetic cells of rice-infesting BP-H females. 
Fiflth-instar nymphs were ideal for studying genetic 
mitosis, while newly emerged females were suitable 
materials for first meiotic division (Fig. 10). The 
diploid (2n) chromosome number was 30, com
prising 14 pairs of somatic homologous autosomes 
and a pair of sex chromosomes (XX). 

Karyotype of brain chromosomes of green 
lealhopper. Using the standard lacto--aceto-orcein 
staining technique, we studied the brain chromo
somes in ganglial cells of 4th-instar N. virescens 
nymphs. The premetaphase chromosome counts
established the normal diploid complement at 2n =
 
16 (14 autosomes and XX sex chromosomes) (Fig. 
II). 

Meiotic cells and chromosomes of rice leaffolder. 
Examination of primary spermatocytes at dia
kinesis showed that LF M. patnalis possesses 16 to 
34 diploid chromosomes (Fig. 12). The most 
common diploid complement was 2n = 28 (13 11A 
+ XY). 

i&,4. 4,
 
Yx 

2n= 731A + XY + 2MCS. 2n=1 1 rA + XY + 1MC. 
=18 =25 

j , 

x6
# y, 

2n= 121[A + XY + 2MCS. 2n= 15]HA + XY + 4MCS. 

=23 =36 

Y 

2n= 131IA + XY 
= 28 

12. Photomicrographs ofdiakinetic chromosomes of male At. 
painalis, IRRI, 1987. Magnification, 1000X (oil immersion). 
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SCREENING AND FIEID TESTING 

International Rice Testing Programn, hiternational 
Rice Germplasm Center.andAgronomny and Plant 
Breeding Departments 

Drought-tolerant materials identified in IRTP 
trials (International Rice Testing Program). The 
rice varieties and breeding lines listed in Table I 
exhibited good drought tolerance or recovery in 
the 1986 International Rice Testing Program 
(IRTP) nurseries, 

1987 dry season field drought screening (Agron-
o170). In the 1987 dry season (DS), 6,600 acces-
sions, varieties, and advanced generation lines 
from the International Rice Germplasm Center 
(IRGC), IRTP, IRRI rice breeders, and University 
of the Philippines at Los Bafios rice breeders were 
screened for drought and recovery ability in the 
field (Table 2). 

Soil moisture tension exceeded 32 kPa at 15-cm 
depth by day 6, and at 20-cm depth by day 9 after 

Table 1. Material identified for drought tolerance or 
recovery in 1986 IRTP trials. IRRI, 1987. 

Nursery a 	
Entries 

IUP.YN-E IR10198-66.2, IR19793.25-2.2,

(3 sites) IR25588-7-3-1, IR9761-19-1, 


RAU4004.105 


IURYN-M ADT31, B2992b-Tb-73-4.2-3-3.3-2, 

(4 sites) C894-7, IR27078.11-2, IR43 


IURONb 	 IRAT112, IAC164, NDR 116, NDR 117,
(6 sites) 	 IR9761-40-3-2, KU82, NOR 11, 


Palghar 31-1-3, IAC233/79, IR18599. 

68-1, IR2307-247-2-2-3, IR25890-82. 

5-3, IR25898-57.2-3, KMP34, 

NDR118, NDR80, UPR231-28-1-2 


IRRSWYN-E 
 IR21178-39-Pl, IR21567-9.2-2-3.1.3, 

(2 sites) IR5629-64-3, IR18272-27-3-1, 


IR21015-80.3.3.1-2, IR26933-16-2-3 

IRRSWYN-M IR13610-72-2.2E-P2, KDML65-GU-45. 
(4 sites) 45, Mahsuri 

IRRSWON 	 IR13149.43.2.P1, IR13610-72-2-2E.P2,
(2 sites) 	 IR21064.48..1 E-P1, KKN7205-39-3-


SKN.1-1-1, RP1064-14.2-2 


aIURYN-E and -M = International Upland Rice Yield 
Nursery . Early Maturing and - Medium Maturing. IURON= International 	 Upland Rice Observational Nursery,
IRRSWYN-E and .M = International Rainfed Rice Shal-
low Water Yield Nursery-Early and -Medium, IRRSWON 
= International Rainfed Rice Shallow Water Observational 
Nursery. bEntries were given good ratings for both 
drought tolerance and drought recovery. 

cessation of irrigation (Fig. 1). Drought reaction 
was scored when soil moisture tensions (SMTs) 
were within 100-200,400-500, and 800-1000 kPaat 
15-cm depth. SMT at 20-cm depth reached 300 
kPa only after 40 d of imposed drought.

One hundred thirty-six entries (13 IRGC acces
sions, 105 breeding lines, and 18 IRTP rices) had 
high levels of tolerance for imposed drought 
(Table 2). They exhibited at most 40%1i leaf desic
cation resulting from soil moisture deficit, and 90% 
or higher stand recovery at 13 d after rewatering. 
Of the 136 outstanding selections, 66 showed no 
effects of drought stress at 100-200 kPa SMT, 
while the rest had slight leaf tip drying. At 400-500 
kPa SMT, cross IR47686 had 7 lines that did not 
show any effects of soil moisture deficit, and 5 lines 
had slight leaf tip drying. At 800-1000 kPa SMT, 8 
lines of the same cross showed only slight leaf tip 
drying. 

Table 2. Entries and outstanding selections in field 
drought screening. IRRI, 1987 DS. 

Source of entry Entries Selections
(no,) (no.) 

International Rice Germplasm Center 887 13 
Breeding programs 

Upland 200 0 
Adverse environments 99 19
Rainfed lowland 1675 35Deepwater 1855 43
Irrigated lowland 795 2 

Others
 
Elite lines 
 128 0 
Hybridization block 188 4
 
Agronomy selections 84 2
 

International Rice Testing Programa

IRYN-VE, -E,and -M 
 68 1 
IRONIURYN-E and -M 174 432 0
IURON 102 1 
IRRSWYN-E and -M 32 0 
IRRSWON 127 7 
IRDWON 78 4 
IFRON 21 0 
iTPRON 45

University of the Philippinesat Los Bahios 
10 0 

Total 6600 136 

aIRYN VE, -E, and -M= International Rice Yield Nursery 
- Very Early, -Early, and . Medium; IRON = International 
Rice Observational Nursery; IRDWON = International 
Rice Deep Water Observational Nursery; IFRON = Inter
natonal Floating Rice Observational Nursery; ITPRON= 
International Tide-Prone Rice Observational Nursery. 

http:IR21064.48
http:IR13610-72-2-2E.P2
http:IR13149.43.2.P1
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The outstanding IRGC accessions consisted of 
three each from Burkina Faso, India, and Sri 
Lanka, and two each from Burma and Sierra 
I.eone (Table 3). 01' the 18 IRTP entries that 
exhibited better drought reactions than the 
droLIght-tolerant check Salumpikit. 5 were from 
India. 2 from Thailand. and I each from Indonesia 
and Sri I.anka: 9 were IR Ri-dL veloped lines. Three 
out of seven lines of cross IR31432 entered in the 
1986 IRTP International Rainfed Rice Shallow 
Water Observational Nursery (IRRSWON) were 
highly tolerant ofdrought (Table 4). Table 5shows 

the drought reaction of the tolerant and susceptible
checks.
 

Rainfed rice breeding programs produced a 
large number 	 of promising lines for drought 
tolerance (Table 6). Cross IR47686, bred for 
adverse environments, yielded 16 drought-tolerant 
lines. Among the 19 rainfed lowland rice crosses,
IR49718 produced the most drought-tolerant lines 
(8) while 18 	 other ciosses yielded 28 lines. 
Deepwater cross IR38692 produced 9 droughttolerant lines, while 23 other crosses produced 34 

selections. 
Crosses IR47686 and IR47691, bred for adverse 

environments, 	 had Moroberekan as a possible 
drought gene(s) donor (Table 6). Sixteen of 19 
rainfed lowland crosses had Nam Sagui 19 as the 
possible progenitor with drought tolerance. Among 
the deepwater crosses, seven involved RDI9 as the 
direct parent or ancestor, and five have Nam Sagui 
19genes. Moroberekan,NamSagui 19, and RD19 
were identified as drought tolerant in earlier 
drought tests. 

Cross IR21015, a Nam Sagui 19 derivative, had 
drought-tolerant lines entered in tests for various 
rice environments. IR21015-72-3-3-3-1 was entered 
in the IRTP 1986 International Rice Observational 
Nursery(irriuated lowland) (Table4). 1R21015-80
3-3-1-2 was e"ntered in the IRTP 1986IRRSWON. 
Glutinous variety IR65, also known as the drought
tolerant line IR21015-196.3-1-3, has been recom-

Table 3. Outsranding International Rice Germplasm Center accessions in field drought screening. IRRI, 1987 DS. 
esinatnAccession 

numberDesignation Aumcero 

Am Zi 
Ex Daude 
Ex Dan 
Mahogoda Al 
Dikwee 
Moe Sate Sate 
Ex Faramana 
Manki 
Podi Wee 
Ramrajaya 
Rewa-4 
Ex Gofor-Pulehon 
Pa Therei 

scale, where 0a0 -9 no 

100% plants recovered, 9 

67797 
69523 
69520 
67641 

67620 
67773 
69529 
67515 
67648 
67751 
67754 
69540 
69768 

Drought scorea at soil moisture tension of 
OrgnRecove~yOriginscr 

100-200 kPa 	 400-500 kPa 800-1000 kPa 
Burma 
Burkina Faso 
Burkina Faso 
Sri Lanka 
Sri Larka 
Burma 
Burkina Faso 
India 
Sri Lanka 
India 
India 
Sierra Leone 
Sierra Leone 

0 
0 
0 
0 
1 
1 
0 
1 
1 
1 
1 
1 
1 

visible effects of soil moisture deficit, 9 
= 0-19% plants recovered. 

2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 

3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

= all plants fully desiccated, b1 9 scale, where 

g 
score 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I= 90
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Table 4. Outstatiding 1986 IRTP materials in field drought screening. IRRI, 1987 DS. 

Drought scorea at soil moisture tension ofDesignation Source Origin -______________________ Recovery 

100-200 kPa 400-500 kPa 800-1000 kPa scoreb 

IR35353-94-2-1-3 IRYN-M #15 IRRI 1 3 3 1 
BW288-1-3 IRON #35 Sri Lanka 1 44 1 
B5323B-PN-5-MS-60 IRON #117 Indonesia 1 3 4 1 
IR21015-72-3-3-3-1 IRON #41 IRRI 1 4 4 1 
IR36 IRON #60 IRRI 0 3 4 1 
RR20-5 IURON #75 India 1 44 1 
IR21178-43-1-2-2-2 IRDWON #39 IRRI 0 3 4 1
SPR7292-0-0-0-0.1 IRDWON #74 Thailand 1 43 1 
TCA181-1 IRDWON #77 India 20 4 1
 
TCA8 IRDWON #78 India 0 2 
 3 1 
IR21015-80-3-3-1-2 IRRSWON #10 IRRI 41 4 1 
IR31432-1-2 IRRSWON #90 IRRI 30 4 1 
IR31432-15-2 IRRSWON #91 IRRI 0 2 4 1 
IR31432-8-6 IRRSWON #95 IRRI 0 3 4 1 
IR33383-23-3-3.3 IRRSWON #99 IRRI 1 43 1 
MTU7029 IRRSWON #113 India 1 4 4 1 
RAU4057-35-20 IRRSWON #28 India 1 4 4 1 
BKN6986-66-2 ITPRON 45 Thailand 1 4 4 1 

a0-9 scale, where 0 = no visible effects of soil moisture deficit, 9 = all plants fully desiccated. bl-9 scale, where 1 = 90-100% 
plants recovered, 9 = 0-19% plants recovered. 

Table 5. Drought reaction of drought-tolerant and susceptible checks and other outstanding breeding lines in field drought 
screening. IRRI, 1987 DS. 

Drought score at soil moisture tension of
Designation Source Recovery 

100-200 kPa 400-500 kPa 800-1000 kPa scoreb 

Pinidut HR86W #1087 0 3 4 1 
TCA177 HB87D #1378 0 3 4 1 
IR27078-3-6 HB87D #1444 1 3 4 1 
IR32021-8-1-B-5.2 HB8,3W #1075 0 4 4 1 
IR21015-196-3-1-3 Agronomy Department selection 1 2 4 1 
IR20 (susceptible check) n = 145 3.1 ± 0.04 7.1 t 0.05 7.6 ± 0.06 5.7 ± 0.10 
IRAT9 (susceptible check) n = 146 3.8 ± 0.07 8.1 ± 0.05 8.6 ± 0.04 8.0 ± 0.10 
IR442-2-58 (tolerant check) n = 150 1.8 ± 0.06 5.6 ± 0.06 6.1 ± 0.05 2.3 ± 0.1X 
Salumpikit (tolerant check) n = 146 1.5 ± 0.05 5.0 ± 0.06 5.8 ± 0.06 2.2 ± 0.08 
a0-9 scale, wriere 0 = no visible effects of soil moisture deficit, 9 = all plants fully desiccted. bl.9 scale, where 1 = 90

=100% plants recovered, 9 0-19% plants recovered. 

mended for irrigated lowland environments but is IRATIO4 is among the most drought-resistant
also promising under upland conditions. varieties from Africa, whereas Palawan is well 

Careful selection of parents leads to development adapted to Philippine soils and pests, and is 
of drought-tolerant upland rices (Plant Breeding). preferred by consumers. One line from this cross, 
In 1983, at the beginning of the IRRI-Institut de IR47686-6-2-B, v s the top performer in the 1986 
Recherches Agronomiques Tropicales et des Cult drought tolerance screening trial, and sister lines 
tures Vivribres collaborative project for breeding IR47686-6-2- 1-1 and IR47686-6-2-2-1 were among
rices for unfavorable upland environments, across the top entries in 1987 (Table 7). These lines 
was made between IRATIO4 and Palawan, two demonstrate that drought tolerance can be im
group VI (japonica) entries as identified by isozyme proved through traditional breeding methods if 
analysis. These parents were chosen because parents are carefully selected. These derivatives of 
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Table 6. Crosses that produced outstanding breeding lines aTable 7. Drought tolerance and recovery of derivativesin field drought screening. IRRI, 1987 DS. from IRAT1O4/Palawan cross, parents, and resistant 

Drought check. IRRI, 1986 and 1987 DS. 

Cross tolerant Source of tolerancea 
lines Drought tolerance scoreb 

Recovery
(no.) 100-200 400-500 800-1000 

Breeding for adverse environments (19 lines; kPa kPa kPa
 
IP347686 16 Moroberekan
 
IR47691 1 Moroberekan 
 1986B3622F-TB- 1  IR47686-6-2.B 0.5 1.5 4 114-2 IR47686-13.2.B (, 1.5 4 3Aus 196 1  IR47686-9-8-B 0 1.5 4 3Rainted lowland rice breeding lines (35 lines) IR47686-5-12-B 0 2 4IR9782 1 Nam Sagui 19 IR47686-6-10-B 0.5 2 

3 
4 3IR33353 1 Nam Sagui 19 Resistant check

IR33355 1 Nam Sagui 19 Salumpikit 1.1 3.1 5.6 2.3
IR42221 3 Nam Sagui 19
R42243 2 Nam Sagui 19 0 9R47686-6-2-1-10 1 1IR42346 1 Nam Sagui 19 IR47686-6-2.2-1 0 0 1 1
 

IR42563 1 Nam Sagui 19 IR47686-4- -1 0 0 1 1

IR43038 1 Nam Sagui 19 and Khao Diwk IR47686-4-4.8.1 0 0.5 1 1

Mali 105 IR47686-4-51.-1 0 0 1IR43048 1 Nam Sagui 19 IR47686-6.1-1 0 0 1 1 
1 

IR43582 1 Nam Sagui 19 IR47686-6.1-2 0 0 1IR45375 1 Nam Sagui 19 IR47686-6.4.1-1 0 0 1 
1
1IR48151 1 Nam Sagui 19 R47686-9-4-B 0 0.5 1 1IR48799 
 2 Nam Sagui 19 1R47686-1-4-1.1 0 0.5 2 1IR49643 1  IR47686-17-1-1-1 0 0.5 2 1


IR49644 1 Khao Dawk Mali 105 
 Parents
IR49637 4 Nam Sagui 19 IRAT104 (E) 0 2 3IR49694 1 Nam Sagui 19 

3 
Palawan (A) 1.5 6 7 5 

IR49702
SR 49718 3 8 Nam Sagu i 19 Resisrant checkIR91 a au 9Salumpikit 1.0 4.5 5.7 3Deepwater rice breeding (43 lines) aIR8234 1 Nam Sagui 19 aBoth tolerance and recovery used a modified SES scaleIR38685 1 64-117 where 0 = best and 9 = worst recovery. Av values. bAy ofIR38692 9 64-117 several replications. 
IR38784 3 RD19
 
IR39498 1 
 Leb Mue Nahng 111 
IR39527 
 2 RD19
 
IR39680 1 Nam Sagui 19 and Khao Dawk IRATI04/Palawan should also be considered as 

Mali 105 drought tolerance donors in future crosses.IR40554IR41010 11 BKN7022-6-464-117 Field screening for drought resistance (Inter-
IR41125 1 LebMue Nahng 111 national Rice Gerrnplasm Center). Screening ofIR41134 3 DWCT156-1-B-B germplasm bank (GB) accessions, and breedingIR41222 1 FR43B* lines from both the upland and lowland nurseries 
IR41371 2 RD19IR41427 1 Nam Sagui 19 was continued. A total of 6,305 entries were testedIR41430 2 Nam Sagui 19 (Table 8). Of 3,778 GB accessions scored during theIR41533 1 DWCT156.1-2.0..0 vegetative phase, 25% were found to have high
IR42511 1 Nam Sagui 19 and 

BKN7022-6-4 levels (score = 1-3) of field resistance to drought.IR42569 2 RD19 Among the 814 upland breeding lines, 41.2% were 
IR42583 12IR42584 RD19RD19 found to have drought scores of 1-3. Most of theseIR42590 1 BKN7022-6.4 lines were preselected for deep and thick roots inIP42606 1 FR43B* the early generations. Among entries in the rainfedIR43707 ? DWCT156-1-B-B lowland nurseries, 8.8% of the 1,665 tested were 
IR43756 1 RD19 

Irrigated lowland rice breeding (2 lines) found to have high levels of field resistance.IR21015 1 Nam Sagui 19 Among the GEU elite lines, IR6023-10-1-1 (anIR28120 1  upland breeding line) and 1R28224-3-2-3-2 (a 
a- = unknown parent, = possible source of tolerance, lowland breeding line) showed a score of 3, while 
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Table 8. Field screening for drought resistance under upland conditions. IRRI, 1987 DS. 

Group Entries(no.) 
1 

Germplasm bank (GB) accessions 3778 63 

Upland breeding lines 814 53 

Rainfed lowland nurseries 1665 20 

GEU elite lines 48 0 


GB accessions 1176 2 
Advanced upland breeding lines 65 1 

aDrought resistance scores: 1 = resistant, 9 = susceptible. 

most other entries showed an intermediate to 
moderately susceptible reaction. 

Drought reactions during the reproductive phase 
were scored after the second stress period was 
imposed. Plant age was from 110 to 130 d after 
sowing (DAS). Only 1,176 G B accessions reached 
the grain filling stage by the cutoff date of 135 
DAS. Of these, 9.4% showed drought scores of 1-3 
(Table 8). Lu Tao 2 from China and Mak Hing 
from Laos had 95% grain filling. Front the upland 
breeding nurseries, IR36269-B-B-B-I and IR38547-
B-B-B-15 were outstanding. The sources of resist-
ance of these lines are Black Gora and E425. 

Heavy rains in mid-May following the scoring 

for reproductive phase resistance enabled us to 
evaluate recovery ability after heading. The rainfed 
lowland breeding lines and some of 'he upland
breeding lines showed excellent recoery ability.breery-aturing lines edient heG abisity, 
The early-maturing lines in the GB3 accessions, 
however, showed very poor recovery ability 
compared with the late-maturing accessions. 

Upland rice yield trial (Agronomy). The 1987 
WS was characterized by low rainfall and conse-
quent brief to prolonged soil moisture deficits at 
IRRI, in farmers' fields in Santo Tomas and 
Cuenca, Batangas; and at the Bureau of Plant 
Industry (BPI) experiment station in Ilagan, 
Isabela, all in the Philippines. Rainfall was below 
the average over 9-13 yr during most of the wet 
season (WS) (Figs. 2-5). At IRRI, SMT at 10- and 
20-cm depths went beyond 30 kPa in 5 instances, 
The longest of these was in late September to late 
October, when only 50 mm of precipitation over 
37 d (23 Sep- 29 Oct) occurred (Fig. 2). In Santo 

a
Plants (no.) showing a drought score of 

2 3 4 5 6 7 8 

Vegetative phase 
19 866 178 1920 546 181 0 5 
0 282 0 432 0 47 0 0 
0 126 6 854 162 497 0 0 
0 2 0 42 0 4 0 0 

1 107 
Reproductive phase 
0 200 0 492 0 374 

0 1 0 13 0 35 0 15 

Soil moisture tension(Po)
80 

6o
,.. 

40 

20 

0 
Ranfoil (mmrn/lOd) 

160- 4-No r,,rlyo,, 9-yr eroge 

9, (n74-87) 
120P 

80_ 

40 
. 

0 
-- Moy-----un --+--Ju------Aug Sep- -- Oc----i

2. Rainfall distribution and soil moisture tension during upland 

rice yield trials at the IRRI dryland site. 1987 WS. 

Tcmas, SMT passed 30 kPa in October only, 
resulting from 26 low-rainfall days (Fig. 3). The 
trend in Cuenca was similar to that at IRRI 
(Fig. 4). In Ilagan, dry spells every month ranged 
from 13 to 25 d (Fig. 5). Rainfall was high during 
some periods because of tropical depressions and 
typhoons near the experimental sites. 

The BPI La Granja experiment station in Negros 
Occidental had fairly adequate rainfall except in 
early October, when the WS crop was at the late 
maturation stage (Fig. 6). 

Grain yieli. Despite the dry spells, the early 
seeded (June) crops in two Batangas farmers'fields 
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300 	 6. Rainfall d istrihut ion dIuring upland rice yield trials. La240- NOof0ndy Granja Experiment Station, Negros Occidental, Philippines,
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200 

1
3-yr averageyils9


160  1975-871 produced fairly high grain yils(Table9)
 

120-
UPLRi-7 yielded highest at 5.0 t/ha it! Cuenca.
 
1 R13754-12.3 produced 4.6 t/ ha in Santo Tomas.
 
In the June seeding, UPIRi-7 was consistently80  among the highest yielders at IRRI and in Santo 

40 -6 Tomas, Cuenca, and La Granja in two groups 
S2 where it was entered (IRTP's 1987 International 

Ma -'J -ul--+-u---e-i Upland Rice Yield Nursery-Early [IURYN-E] and 
.4.Raitill distrihutioti atnd soil moisture tetnsioni dttring upland Uln ieYedTil[ YIseilgop)rice yield trials in affarnicrs field. Cuenca, Blatatngas. Philip- None of the IURYN-E entries equaled UPLRi-7's
Pitnes. 1987 WS. yield performance. In the URYT, Philippine 
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Table 9. Grain yield of selected entries in early seeded upland rice trials at 4 Philippine sites, 1987 4S. 

Grain yielda (t/ha) 
Designation Origin IRRI Santo Tomas Cuenca La Granja Mean 

(4 Jun) (11 Jun) (29 May) (10 Jun) 

International Upland Rice Yield Nursery-Early Maturing (IUR YN-E)
UPLRi-7 (local check) Philippines 2.8 a 3.5 a 5.0 a 3.5 a 3.7 
RPCB-2B-849 (IET1444) India 1.7 b 3.5 a 3.8 bc 4.1 a 3.3 
BG367-4 Sri Lanka 1.5 b 3.6 a 4.0 bc 3.6 a 3.2 
Kinandang Patong (local check) Philippines 1.3 b 1.6 b 3.1 c 2.8 a 2.2 

Group mean (21 entries) 1.1 2.3 3.5 3.6
 
Cv (%) 22 22 12 25
 

International Upland Rice Yield Nursery-Medium Maturing (IUR YN.M)
IR26957-86-2 IRRI 3.2 a 2.7 a 3.5 a 3.0 a 3.1 
IR43 (check) IRRI 2.9 ab 3.0 a 3.6 a 2.7 a 3.1 
B3016B-TB-260.3-2-1.1.3 Indonesia 2.6 bc 3.0 a 3.8 a 3.7 a 3.3 
83622F-TB-14-2 Indonesia 2.6 bc 3.2 a 3.2 a 3.9 a 3.2 
BR319-1 Bangladesh 2.2 cd 3.3 a 4.0 a 3.1 a 3.2 
B3622E-TB-5-4-4 Indonesia 2.0 d 3.2 a 4.0 a 3.3 a 3.1 

Group mean (21 entries) 1.8 2.6 2.8 2.4
 
CV 1%) 14 21 18 32
 

Upland Rice Yield Trial (special group)
UPLRi-7 (check) Philippines 2.2 ab 3.6 ab 4.5 a 3.4 a 3.4 
IR9560-2-6-3-1 IRRI 3.6 ab2.8 a 3.9 ab 2.4 a 3.2 
BPIRi-6 Philippines 2,3 ab 3.3 bc 4.0 ab 3.0 a 3.2 
IR29429-B-3.B-2-3 IRRI 2.4 ab 3.2 bc 4.1 ab 2.6 a 3.1
1R13754-12-3 IRRI 4.6 a b2.4 ab 3.4 2.6 a 3.2 
1R11397-1-8-1 IRRI 2.8 a 3.8 ab 3.3 b 2.5 a 3.1 
IR26957.86.2 IRRI 2.0 b 4.0 ab 3.3 b 2.8 a 3.0 
IR43 IRRI 2.3 ab 3.1 bc 3.4 b 3.0 a 3.0
 
Kinandang Patong (check) Philippines 1.1 c 2.3 c 3.2 b 2.4 a 2.2
 

Group mean (36 entries) 1.9 3.2 3.4 2.4
 
CV %) 18 20 13 32
 

aIn a column and within each group, means followed by a common letter are not significantly different at the 5% level by 
DMRT. Seeding dates are in parentheses. 

variety BPIRi-6 and lines IR9560-2-6-3-1 and IURYN-M and URYT among the four sites 
IR29429-B-3-B-2-3 gave grain yields statistically (Table 9). 
similar to those of UPLRi-7 at all four sites. Other agronomic characteristics. The better 

IR43 and IR26957-86-2 were consistently the yielding rices had a growth duration of 110-128 d 
highest yielders in IRTP's International Upland (81-98 d to heading from emergence) (Table 10). 
Rice Yield Nursery-Medium maturing group These were of intermediate stature, except the 
(IiRYN-M) at four sites (Table 9). UPLRi-7 was semidwarfs lIR43 and IR9560-2-6-3-1. However, 
superior to these two rices in Cuenca when grouped the latter two, together with IU RYN-E's RPCB
together in tile URYT. 2B-849 (IET1444) from India, gave the highest 

The recurrent dry spells in llagan adversely pan>i'c! number. 
affected rice during the vegetative and reproductive After at least 3 wk of dry spell at IRRI and in 
phases, resulting in mostly empty spikelets. - Isabela (4 wk in Isabela but punctuated by a 52-

La Granja and Cuenca had higher average grain mm rain at the end of the second week), the 
yield for IURYN-E than the two other sites, while vegetative phase drought reactions were recorded 
Cuenca produced the highest average yield for on 15 Oct and 17 Sep. Scores as poor as 8 at IRRI 
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Table 10. Grain yield and other agronomic characteristics of selected entries in early seeded upland rice trials at 4 Philippine sites and drought reaction at 2 sites, 1987 WS. 

Designation 

UPLRi-7 

RPCB-28-849 (IET1444) 

BG367-4 
Kinandang Patong 

1R26957-86-2 
IR43 

B3016B-TB-260-3-2.1-1-3 

B3622F-TB.14-2 

BR319-1 

83622E-TBo5A-4 

UPLRi-7 
IR9560-2-6.3.1 
BPIRi-6 
IR29429-B-3-B-2-3 

JR13754-12-3 

IR11397-1-8-1 
IR26957-86-2 
IR43 
Kinandang Patong 

Salumpikit (drought-tolerant check) 

IRAT9 (drought-susceptible check) 


aDE 

grain yieldMean Heading Plant Panicles_ Drought reactionb 
__atPanicles ___Dthai (DE)a height /m)

Iha) (cm) IRRI
15Octc 

IUR YN-Early Maturing
3.7 81 102 209 2 
3.3 77 84 280 3 
3.2 78 88 238 3 
2.2 94 131 141 3 

IUR YN-Medium Maturing
3.1 98 115 238 3 
3.1 96 77 254 4 
3.3 82 113 207 3 
3.2 84 131 174 2 
3.2 83 99 226 4 
3.1 82 132 205 3 

Upland Rice Yield Trial (special group)
3.4 82 102 200 1
3.2 96 79 253 2 
3.2 92 98 228 3 
3.1 88 110 228 1
3.2 96 109 241 3 
3.1 94 116 205 3 
3.0 100 115 231 3 
3 .0 95 78 246 3

2.2 87 132 150 4 
2.2 88 136 199 2 
1.9 82 225 7 

= days after emergence. b0-9 scale, where 0 = no visible effects of soil moisture deficit, 9 = all plants dead. CDroughtscoring date. dBB = bacterial blight, BLS = bacterial leaf streak, LSc = leaf scald, LSm = leaf smut, NBI = neck blast, ShB = sheth blight, ShR = sheath rot. 

and 7 in Isabela were recorded. I he selected entries 
were among those with the least leaf desiccation at 
both sites (Table 10). 

Sheath rot (ShR) was most prevalent at IRRI 
and in Batangas. Bacterial blight and neck blast 
were observed in many entries. URYT line
IR26957-86-2 had only slight lesions from ShR 
infection in Santo Tomas. 

Effect of drought stress. The late September-
October dry spell caught most of the late-seeded 
(July) yield trial entries during the spikelet-filling 
stage. Many entries in Batangas and most entries at
IRRI failed to yield. Drought stress markedly
reduced grain yield (Table 11). Early-maturing 
entries produced better grain yields than did the 
longer duration ones, which had not yet headed 
when the dry spell began. Growth duration was not 
affected (Table i), indicating that the earlier,
shorter duration dry spells did not inhibit panicle 

Important diseasesd 
Ilagan

17Sepc 

1 ShR 
2 B, LSc, ShR 
3 B, ShR 
1 BLS, LSm, ShR 

1 ShR 
1 ShR 
1 BB,ShR 
0 BB, LSc, LSm, ShR 
1 BB, LSc, ShR 
0 LSm, ShR 

2 ShR 
3 BB, LSc, LSm, ShR 
2 NBI 
1 Sh8 
1 BLS 
3 NBI, ShR 
1 
3 ShR 
3 BB, LSm, ShR 
3 B8, ShR 
3 LSc, ShR 

initiation (PI). However, plant height and panicle
number were markedly reduced. The vegetative
phase drought-tolerant Salumpikit and IR442-2
58 performed similarly, as did the less tolerant rices 
when drought occurred during the reproductive 
phase. 

The better yielding June-seeded rices (Table 9)
that showed relatively more stable drought reaction 
were B3016B-TB-260-3-2-1-1-3 and B3622F-TB
14-2 from IURYN-M, and IR29429-B-3-B-2-3 and 
Philippine varieties BPIRi-6 and UPLRi-7 from 
URYT. 

Lowland rices under upland conditions. IRTP's 
International Rice Yield Nursery-Very Early
(IRYN-VE) for lowland rice comprised the other 
special group of upland rice yield trials in Cuenca. 
Six IRYN-VE entries performed similarly (by
Duncan's multiple range test), as did checks 
UPLRi-7 and Kinandang Patong(Table 12). Using 
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Table 11. Performance of selected upland rices at 2 sites in relation to seeding date (D. Batangas, Philippines, 1987 WS. 

Grain yield' (t/ha) 
Av Av plant

Designation Santo Tomas Cuenca heading height Av panicles 
(DE) (cm) (no/rm) 

D1 D2 CI D2 
(11 Jun) (10 Jul) (J May) (2 JulQ Dl D2 D1 D2 D1 D2 

IUR YN-Early Maturing 
CR222.MW10 2.7 1.9 3.6 1.0 74 76 80 68 237 212 
CR289-1208 2.5 1.7 2.6 1.7 54 54 64 61 243 216 
NDR-97 3.2 1.7 3.4 1.4 65 68 80 71 307 218 
RAU4028-2 2.7 1.6 3.3 1.7 54 59 73 64 264 225 
UPLRi-7 3.5 1.6 5.0 1.5 80 80 112 89 216 180 

B3016B-TB-260-3-2-1-1-3 3.0 
IUR YN Medium Maturing

0.8 3.8 1.0 80 80 117 96 208 166 
B3622E-TB-5-4-4 3.2 1.1 4.0 1.4 80 82 142 120 204 162 
B3622F-TB-14-2 3.2 0.9 3.3 1.5 82 82 140 120 188 162 
RP1674-4038-78-4 2.4 1.6 2.0 1.1 67 67 81 82 257 238 
IR43 3.0 0.2 3.6 0.4 94 93 80 62 248 210 

IR21015-196-3-1-3 
Upland Rice Yield Trial (special group) 
3.4 1.2 3.9 1.8 87 86 88 72 284 222 

IR29429-B-B-B-2-3 3.2 1.3 4.1 1.3 86 85 118 98 232 178 
BPI~i-t 3.3 1.2 4.0 1.9 89 86 108 86 224 163 
UPLRi-7 3.6 0.8 4.5 1.8 78 79 110 102 197 192 
Salumpikit (drought-tolerant check) 1.4 0.4 2.7 1.6 88 79 142 126 202 181 
IR442-2-58 (drought-tolerant check) 3.1 1.3 4.0 0.9 90 90 95 75 240 214 
IRAT9 (drought-sensitive check) 1.6 0.6 2.7 0.7 78 79 85 70 222 183 

aseeding dates are in parentheses. 

Table 12. Performance of very early lowland rices (IRYN-VE) under upland conditions. Cuenca, Batangas, Philippines, 
1987 WS. 

Grain H Plant Panils 
Designation yielda (DE) height (no./m 2 ) Important diseases 

(t/ha) (cm) 

IR32429-47-3-2-2 3.96" 75 75 317 LSm 
UPLRi-7 (check) 3.95* 86 106 198 
IR29692-117-1-2-2 3.84 72 90 289 -
IR31787-16-1-2-3-2 3.64 74 71 286 -
IR25898-60-2-3 3.58 72 83 347 BB, LSm 
IR29725-40-3-2-3 3.51 76 73 364 BB 
IR39422-75-3-3-3-2 3.39 70 63 311 BB, LSm 
Kinandang Patong (local check) 3.27 89 151 148 

Mean (26 entries) 3.05 
CV (%) 11.8 

a. = significantly higher than that of Kinandang Patong at P = 0.05 by the F-test. All 8 rices did not significantly differ by 

DMRT. 

the F-test, IR32429-47-3-2-2 and UPLRi-7 were shorter growth duration is a desirable trait in 
better yielding than tall traditional Kinandang areas with a short WS, like Cuenca. 
Patong at P = 0.05. Under upland conditions, Drought screening under limited rooting depth 
short stature isa disadvantage, since it imparts low (Agronomy). Drought screening was conducted in 
competitive ability with weeds. Therefore the drums in the IRRI greenhouse twice daring 1987 
semidwarf IR32429-47-3-2-2 is still inferior to the under limited rooting depth. Seeds of 2 test entries 
intermediate-statured UPLRi-7, but its 10-d and check Leb Mue Nahng IIl were planted in 
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each of 2 sets (replications) of 52 drums filled with 
45-cm-deep soil. These were irrigated to field 
capac -' until 30 d after seedling emergence before 
drougr,,,stress was imposed. Each entry was scored 
for drought reaction using the Standard evaluation 
s'stem for rice (SES) 0-9 scale when Leb Mue 
Nahng II in the drum had attained a score of 9 
(i.e., was fully desiccated). 

The first seeding (4 Apr) consisted of 63 GEU 
1987 DS elite lines and 41 IRTP 1987 International 
Upland Rice Observational Nursery (IURON) 
entries. The second (29 Aug) consisted of 33 GEU 
1987 WS elite lines and 71 IRTP 1987 Inter-
national Rice Dcepwatcr Observational Nursery 
(IRDWON) entries. To fully desiccate, Leb Mue 
Nahng Il1 took 21-52 d in the first seeding and 
36-49 d in the second (Table 13). Soil moisture 
content at this point varied considerably, probably 
because of differences in root and other charac-
teristics that caused varying evapotranspiration 
rates. 

Five entries in the first seeding were outstanding:
1987 IURON entries 1R43 from IRRI and Chakula 
from Bangladesh, and three elite lines. For the 
August-seeded test, no test entry was outstanding. 
Only IRDWON material Tilakkachari from India 
was relatiNely better than Leb Mue Nahig IlI 1(Table 13). 

Differences in drought stress duration in the 
drums, before Leb Mue Nahng Ill dried up, and 
the final soil moisture content should be in-vestigated. 

SCREENING METHODS 

Agronom, Del,'rtment 

Pot screenin for drought resistance. Field screen-
ing of rices for drought resistance requires facilities 
that may not be available to researchers in 
developing countries. The objective of this study, 
therefore- wa,; to test a method for screening pot-
grown rice,. In September 1987, 3 replications of 
18 rice genotypes were dibbled in 5-liter pots 
contairni Maahas clay soil in the greenhouse atIRRI. Pots were irrigated daily until 30 DAS, 
when irrigation was stopped. The water deficit was 
allowed to develop until 40 DAS, when plants of 
the susceptible check variety (IR20) were ap
parently dead. At 40 DAS all pots were re-
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Table 14. Selected growth parameters measured at 40 DAS and SES drought resistance (DRT) scores of best and worst 
genotypes, as measured in greenhouse pot trial. IRRI, 1987 WS. 

Root Root Shoot 
Genctype length dry weight length 

(cm) (g) (cm) 

ARC7098 10.8 0.03 47.7 
IR20 11.5 0.02 41.7 
IR47686-1-4B 20.0 0,14 44.7 
Salumpikit 18.7 0.13 53.3 

Mean 15.8 0.08 48.9 
SE 0.72 0.004 1.22 
LSD classes 4 7 8 

irrigat,..', and recovery from stress was evaluated at 
45 DAS. Varieties differed significantly in 
maximum root length, root dry weight, shoot 
length, shoot dry weight, leaf area, leaf water 
potential, and SES score (Table 14). Generally, 
Salumnpikit (the resistant check) and 1R47686-1-4B 
showed the greatest drought resistance, whereas 
IR20 and ARC7098 showed the least. If resolution 
of genotypes into the greatest number of signi-
ficantly different classes can be taken as an indica-
tor of parameter effectiveness in assessing drought 
resistance, then the most discriminating parameter 
in this study was leaf water potential. SES scores of 
susceptible and resistant checks from this pot 
screening were significantly correlated to SES 
scores from field drought tolerance trial results in 
the IRRI databank (r = 0.95, P< 0.01). Therefore, 
it appears that pot screening for vegetative phase 
drought resistance is a viable alternative to field 
screening where irrigation and field facilities are 
not adequate for field trials. 

Abscisic acid and drought resistance in upland 
rice. Abscisic acid (ABA) is accumulated in the 
leaves of many crops during drought. Because 
ABA causes stomatal closure, ability to accumulate 
it may confer drought resistance or improve plant 
water use efficiency (WUE). To survey wild and 
cultivated rice varieties for ABA accumulation in 
response to drought and to determine whether 
selection for the capacity to accumulate ABA 
affects WUE or yield, experiments were conducted 
in controlled-environment cabinets at the Plant 
Breeding Institute, Cambridge, United Kingdom, 


Shoot Leaf Leaf water DRT at DRT at 
dry weight area potential 0.5 MPa 1 MPa 

2
(g) (ery) (MPa) 

0.11 13.6 3.12 7.0 9.0 
0.09 21.4 3.16 7.0 9.0 
0.52 38.6 1.31 1.0 3.0 
0.47 37.5 1.30 1.0 3.7 

0.29 27.24 2.10 5.3 6.4 
0.03 4.10 0.04 0.3 0.7 
8 7 9 4 7 

controlled-environment cabinets. Within I d of Ihe 
appearance of its ligule, leaf6 on the main stem w,'s 
excised at the lamina base, allowed to lose 10% of 
its initial fresh weight, incubated in the dark at 28 
'C for 2 1,and then assayed for ABA by radio
immunoassay. A 5-fold difference in drought
induced ABA accumulation among the 60 geno
types and a 2-fold difference among the 9 wild 
species were found (Fig. 7). This wide range of 
ABA accumulation among genotypes suggests a 
good possibility to increase or decrease ABA levels 
of rice cultivars through breeding and selection. 

Selection for high and low capacity to ac
cumulate ABA. Lines with high and low capacity 
to accumulate ABA identified in the survey were 

Frequency (no) 

14 

12 

10 

8 

6 

4 

2 

0 
0 200 400 600 800 1000 1200 1400 1600 1800Cmbrdge Unied ingomABA (ng1g fresh weight)BreeingInsitut, 

and in the greenhouse and field at IRRI. 
7.Frequency distribution of drought-induced abscisic acid

Drought-inducedABA accumulation.Sixty rice accumulation in detached leaves of 60 rice genotyrcs and 9 
genotypes and nine Or'za species were grown in Or':aspecics. IRRI, 1987. 
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Table 15. Drought-induced abscisic acid (ABA) accumulation as measured by the detached leaf test. IRRI, 19 87 .a 

Generation IR20/IR36 

Low 

F4 

F6 

525±25 
(12) 

572±40 

(7) 

aNumbers in parentheses are 

High 

855±20 
(24) 

1157±30 

(29) 

number of lines tested. 

crossed, and F, plants were raised at IRRI by the 
International Rice Germplasm Center. F2 seed was 
grown in controlled-environment cabinets, and 
plants of highest and lowest ABA were retained for 
continued selection and analysis. There was a 
strong correlation 	 between ABA accumulation in 
the F3 and F4, indicating that lines were ap-
proaching heterozygosity. Seed from the F5 was 
raised in the field at IRRI without selection to 
provide F6 seed for subsequent experiments. 
Drought-induced ABA accumulation for the F4 
(last generation with selection) and F4 is presented 
in Table 15. Differences between average ABA 
levels in the F, and F6 were probably due not to 
geneuic differences, but to differences in the 
environments in which the plants were raised, 

Water use efficiency in controlled-environmen. 
cabinets. High- and low-ABA F6 plants were 
grown in pots. Before drought treatment, plants of 

ABA accumulation (ng/g) 

High:low 
ratio 

IR20/63-83 High:low 
ratio 

Low High 

1.57 392±30 973±81 2.08 
(11) (19) 

2.02 460±24 973±81 2.11 

(11) (19) 

each genotype were sorted according to trans
piration rate, with similar plants divided into 3 
groups: group I was harvested at the beginning of 
the drought treatment; group 2 was fully irrigated; 
and group 3 was not irrigated for 7-10 d until the 
same level of stress was reached in all genotypes. 
Average WUE was 9% greater for low-ABA lines 
than for high-ABA lines (Table 16). For all lines, 
there was a negative correlation between initial dry 
weig:it and leaf water potential(LWP) at the end of 
the drought treatment (r = -0.68, P < 0.001) and 
between initial dry weight and stomatal conduct
ance (r = 0.69, P < 0.001), and a positive 
correlation between LWP and stomatal conduct
ance (r = 0.66, P<0.01). WUE and LWP were 
significantly related for low-ABA lines (r = 0.64, 
P<0.05) but not for high-ABA lines (r = 0.03). 

Greenhouse trial. Two high- and two low-ABA 
lines from IR20/IR36, and three high- and three 

Table 16. Water use efficiency (WUE), leaf water potential (LWP), and stomatal conductance (gs) of high- and low-ABAlines in the F6 from crosses IR20/IR36 and IR20/63-83 in rontrolled-environment cabinets. IRRI, 1987. 

Initial 

Cross dry weight 


(g) 


IR20/IR36 	 5.39 
2.86 
3.21 

IR20/63.83 	 1.13 

1,30 

3.36 
1.67 
4.51 
5.98 
3.62 


aWUE in g/100 ml water transpired. 

High ABA Low ABA 

WUE a LWP 
(MPa) 

gs 
(cm/s) 

Initial 
dry weight 

WUE LWP 
(MPa) 

gs 
(cm/s) 

(g) 

0.529 
0.429 
0.462 

-1.83 
-1.93 
-1.76 

0.189 
0.200 
0.198 

4.54 
2.94 
3.66 

0.529 
0.473 
0.490 

-1.78 
-1.59 
-1.69 

0.192 
0.257 
0.207 

0.436 
0.487 
0.519 
0.437 
0.411 
0.497 
0.404 

-1.39 
-1.19 
-1.68 
-1.29 
-1.73 
-1.78 
-2.08 

0.554 
0.378 
0.227 
0.265 
0.228 
0.255 
0.185 

2.34 
2.39 
3.84 
3.64 
4.96 
4.98 
4.73 

0.554 
0.596 
0.339 
0.482 
0.561 
0.494 
0.450 

-1.41 
-1.30 
-1.86 
-1.63 
-1.68 
-1.87 
-1.63 

0.397 
0.277 
0.222 
0.209 
0.263 
0.170 
0.137 

http:IR20/63.83
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low-ABA lines from IR20'63-83 together with 
their parents were grown in pots in the IRRI 
greenhouse. Stressed plants were not irrigated for 
8 d at maximum tillering. Stress led to a 6.% 
reduction in total dry weight, a 24C'i reduction in 
yield, and a 2.5-fold increase in lcaf ABA content 
compared with the unstressed treatment. l.ines 
fron IIR20 63-83 had greater dry weight and 
appeared to become stressed more quickly than 
those from IR20 IR36. There were no significant 
differences in WIJE or grain yield between the 
high- and low-ABA lines (Table 17). Differences in 
plant size may have masked differences between 
high- and low-ABA lines. At the end of the stress 
treatment, negative correlations were observed 
between I.WP and AB3A (r = -0.77, P<0.01) and 
between ABA and stomatal conductance (r 
-0.79, P<0.01). 

Fiehl trial. During 1987 )S, 7 high- and 6 low-
ABA lines from IR20/1R36 and 10 high- and 6 
low-ABA lines from IR20!/63-83 were planted 
under upland conditions at IRRI. A split-split-plot 
design was used with stress as the main plot, cross 
as the sub-main plot, and line as the subplot 
treatment. Stress treatments werf I) fully irrigated 
and 2) unirrigated for 12 d at maximum tillering. 
At the end o" the stress period, LWPs of stressed 
plants were only 300-400 kPa lower than those of 
unstressed plants, indicating that stress levels were 
relatively mild. Still, stress reduced dry weights and 
grain yields by 7% and increased stomatal resist
ance 6-fold as compared with the unstressed 
treatments. Stress treatment did not affect ABA 
level; nor were there apparent differences between 
high- and low-ABA lines (Table 18). Thus, under 
field conditions, LWP, stomatal conductance, and 

Table 17. Plant growth, leaf water potential (LWP), and stomatal conductance (gs) in response to drought for high- and 
low-ABA lines in the F6 . IRRI greenhouse, 1987. 

Genotype 
Height

(cm 
Initial

dry weight
(g) 

High (2) 
Low 12) 

87.9 
81.7 

66.92 
55.48 

High (3) 
Low (3) 

143.2 
122.4 

81.78 
82.36 

IR20 
IR36 
63-83 

107.0 
79.9 

113.5 

66.40 
50.27 
74.96 

aNumbers in parentheses are number of lines tested. 

Table 18. Growth and water relations parameters at end of drought stress period for high- and low-ABA lines in the F6 
grown under upland field conditions. IRRI, 1987 DS. 

Genotypea LWP
GMPa) 

High (7) -1.50 
Low (6) -1.52 

High i0) -1.49 
Low tS) -1.58 

aNumbers in parentheses are 

gs
(cm/s 

0.41 
0.36 

0.37 
0.33 

ABA 
(ng/g

fresh weight) 

IR20/1IR36 
174 
181 

IR20/63-83 
186 
201 

number of lines tested. 

LWP ABA Water use YieldLWP gs (ng/g efficiency(MPa) (cm/st fresh weight) g/100 ml) 

IR20/1IR36 
-1.13 0.227 
-1.17 0.631 

IR20/63-83
-1.96 0.234 
-2.50 0.256 

Parents 
-1.69 0.331 
-1.02 1.098 
-2.50 0.141 

285 0.346 87.83 
232 0.343 97.91 

323 0.281 51.30 
388 0.301 51.99 

256 0.377 50.80 
167 0.229 84.67 
375 0.589 63.96 

Dry Grain Grains 200-grain
weight yield (no.) weight (g)

(g) (g) 

302 129.9 1133 4.14 
262 124.4 370 4.02 

336 97.9 1157 5.11 
293 96.5 078 4.96 
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growth all appeared more sensitive to water deficit 
than did leaf ABA level. 

Water retention of excised rice leaves. Water 
retention bv excised leaves has been shown to bean 
efficient indicator ofdrought resistance in sorghum 
and wheat. Therefore, a preliminar,' greenhouse 
experiment was conducted to study the water 
retentio n ch a racteristics o f ex cised leaves for six 
rice varieties, and to test the method as a possible
technique to screen for drought resistance in rice. 
Three water levels were imposed: I) continuouslyp p l i 

flooded, 2)no water applied 25-35 DAS. and 3)no 
water applied 35-45 DAS. At day 5 and 10 of each 
stress period, 3 fully expanded penultimate leaves 
were excised and weighed. Leaves were soaked in 
water for 2 h to fully hydrate them bcfore water 
ietention neasurement. They were then spread and 
allowed to dry in a controlled-temperature room. 
The leaves were weighed after 1,3,5, and 7 Iand 
again after 24 h of oven drying at 80 'C. 

Varietal differences in leaf water content at 0, I, 
3. and 5 hwere more pronounced in well-watered 
plants than in stressed plants (Table 19, 20). 
Generally, varietal separation was greatest at 1-3 h 
and least after 5 h. Under well-watered conditions, 
Kinandang Patong, a drought-resistant variety,
almost always had higher leaf water content than 
IR20, a drought-susceptible variety. Although data 
are preliminary, they suggest that the method can 
be used to rank well-watered plants. The technique 
needs further study to determine I ) the relationship 
between water retention and drought resistance, 
2) effects of plant age and leaf position, 3) drying 
time for greatest varietal differentiation, and 
4) heritability of the trait. 

Rolling of excised rice leaves. The first visible 
response of rice plants to water deficit is leaf 
rolling. We hypothesized that leaf rolling charac-
teristics may indicate drought resistance and may 
be used to evaluate the drought resistance of rices 
without imposing stress. Initial studies quantified 
the degree of leaf rolling in excised leaves of rice by
measuring changes in leaf area. Ten genotypes 
were grown in pots containing well-watered soil in 
a greenhouse. At 45 DAS, 3 penultimate, fully 
expanded leaves from each variety were excised 
and immediately placed inside an ice chest to 
minimize physical and physiological changes. 
Leaves were floated in water for 2 h to achieve full 
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hydration, after which they were placed in agrowth 
cabinet at 30 'C. 48-50w'i relative humidity (RH), 
and radiation of 113 W, m2 . The area of individual 
t was measured 5-min intervals with anleaves at 
automatic area meter. Although there were signifi

genotypic differences in initial leaf area, it was 

related to either the rate or final level of leaf 
rolling (Table 21). Genotypes were separated into 
the most DMRT classes .:it 20 min. Research to 
rciateC leaf rolling characteristics to drought resist
ance is continuing. 

Drought resistance of rainfed lowland rice as 
affected by crop establishment method. Very few 

or lines have been evaluated for their 
performance under direct seeded, rainfed lowland 
conditions. Because direct seeding and trans
planting have different effects on root development, 
they might 	also have different effects on drought 
resistance. Therefore, a field experiment was
conducted 	 at the Maligaya Rice Research and 
Training Center during 1987 DS to compare direct 
seeded and transplanted rice responses to water 
deficit under simulated rainfed lowland conditions. 
A split-split-plot design with 3 replications was 
used where main plots were 2 water regimes: 
1) continuously flooded (control), and 2)stressed, 
in which irrigation was stopped at 45 DAS and 
water deficit was allowed to develop until the SES 
drought score of the most sensitive genotype was 
7-8. Subplot and main plot treatments were 2 crop
establishment methods: i) transplanting of 20-d
old seedlings with a hill spacing of 20 X 25 cm and 
2-3 seedlings/hill, and 2) direct seeding using a 
mechanical drum seeder with 20 cm between rows. 
BPIth crop establishment methods had the same 
seeding date, 24 Feb 1987. Subplots were 24varieties or lines selected from rainfed lowland 
yield nurseries tested in drought-prone areas. 

Fertilizer inputs consisted of a basal incorpora
tion of 60 kg N/ha as urea l d before seeding or 
transplanting, and a topdressing of 40 kg N/ha at 
30 DAS, about 5 d before PI. 

Mean yields of control treatments under trans
planted and direct seeded conditions were similar, 
but in general the rices were more susceptible to 
yield reduction by stress when transplanted thanwhen direct seeded (Table 22). 

Although many rices were similar under trans
planted and direct seeded conditions, IR 114 18-15
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Table 21. Leaf rolling characteristics for excised leaves of 10 rice varieties. IRRI, 1987. 

Time (s) to reach given 
percentage of initial

Initial Percentage of initial leaf area after leaf areaGenotype leaf area 
(cm2 ) 20 min 40 min 75% 50% 

Azucena 137 a 41 fg 33 c 420 814
AUS196 
 101 b 49 d 4lab 671 1177
IAC47 98 b 52 c 40 bc 537 1500BR319-1 77 c 46 e 34 e 288 814
IR6023-10-1-1.9 69 cd 62 a 38 d 600 1920 
B35-2 64 cd 42 f 
 29 f 
 268 833

IR43 58 de 61 a 
 42 a 771 1800

IR45 48 
 ef 57 b 38 cd 810 1636
IR12979.24-3-4 44 
 f 57 b 39 cd 755 1725

Tres Meses 37 f 39 g 27 g 197 750 

Table 22. Grain yield of 24 rainfed lowland rice genotypes under 2 tntablishment methods and 2 water regimes. a Maligaya
Rice Research and Training Center, Nueva Ecija, Philippines, 1987 DS. 

Grain yield (t/ha) 

Variety Transplanted Direct seeded 

Mean
Control Stressed Control Stressed 

IR21567-18-3 6.3 A a 4.8 A b 4.9 A-C b 5.2 AB b 5.3 A
IR19431-72-2 4.3 B bc 3.4 B c 5.0 A-C ab 5.8 A a 4.6 BIR13146-13-3-3 3.9B-D b 1.8 EF c 5.2AB a 5.0AB a 4.0 BC

IR29723-143-3-2.1 3.3 B-F bc 2.3 C-F c 
 4.4 A-D ab 5.1 AB a 3.8 CD
IR42342-40-3-3-2-3 4.1 BC 2.4 B-F 3.8 B-F 4.2 A-C 3.6 C-E
IR41054-81-2-3-2 4.1 BC 3.1 6-D 3.9 B-F 3.1 C-G 3.6 C-E
IR19319-1-2-2-2-2 3.6 B-E a 2.5 B-E b 3.7 C-F a 3.9 B-D a 3.4 C-E
IR21188-15-2-2-3-3-3-1-1 2.9 D-F bc 1.5 EF c 4.4 A-D ab 4.9 AB a 3.4 C-EIR42241-76-2-2-2 2.9 D-F 2.4 B-F 4.3 A-D 3.8 B-E 3.3 D-E
IR43518-62-2-2-1-3 2.6 E-G 3.4 B 3.8 B-F 2.9 C-G 3.2 D-FIR30168-63-1-5-2 2.3 F-H bc 1.6 EF c 5.4 A a 3.2 C-F b 3.1 E-G
IR33355-39-1-1-3 3.7 B-E 2.3 C-F 3.1 D-G 2.9 C-G 3.0 E-HIR11418-15-2 3.9 B-D 3.3 BC 1.5 H 2.2 E-H 2.6 F-I
IR64 (check) 3.0 C-F 1.4 F 
 2.1 GH 3.6 B-E 2.5 G-J
IR52 3.1 C-F a 1.5 EF b 3.1 D-G a 1.9 F-H b 2.4 H-J
IR5931-1 10-1 2.9 D-F 2.1 D-F 2.6 E-H 1.7 F-H 2.3 IJ
IR12979-24-1 2.9 D-F 1.4 F 2.2 G-H 2.4 D-H 2.2 IJ
IR26894-37-2-1-3 3.4 B-F a 2.3 C-F b 1.5 H b 1.7 F-H b 2.2 IJIR13146-45-2-3 3.0 C-F a 1.7 EF b 2.4 F-H ab 1.7 F-H b 2.2 IJIR9782-111-2-1-2 1.4 H c 2.4 B-F a 1.9GH b 1.7 F-H bc 1.9JK

iR28252-10-1-2-1 
 3.1 C-F a 1.6 EF b 1.6 H b 1.0 HI b 1.9 JK
IR29725-109-1-2-1 1.7 GH 1.5 EF 1.4 HI 1.5 G-1 1.5 JK
IR58 (check) 1.5 GH 1.5 EF 1.4 HI 1.8 F-HI
 
IR40860-31-6-3-1 
 0 I 0 G 0 I 0 I 0 L 
Mean 3.1 a 2.2 b 3.1 a 3.0 a 2.8 
aTreatment means followed by the same uppercase letter in a column and by the same lowercase letter in a row are not 
significantly different at the 5% level by analysis of variance. 

2, IR26894-37-2-1-3, and 1R28252-10-1-2-1 ap- 1R42241-76-2-2-2, and 1R30168-63-1-5-2 per
peared to perform better under transplanted than formed better under direct seeding than trans
direct seeded conditions, whereas IR13146-3-3, planting. Because some varieties perform dif
IR29723-143-3-2-1, IR21188-15-2-2-3-3-3-1-1, ferently under direct seeded and iransplnted 
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conditions, parallel testing under different crop 
establishment methods is probably justified. 

DROUGHT STRESS INDEX FOR RIC'E 

Agronomy' Department 

Results of drought resistance screening trials from 
different locations are difficult to compare because 
severity and timingof drought stress are frequently 
observed but not controlled. To develop a drought 
stress index to assess the level of drought stress, a 
series of experiments was planned. The first 
experiment determined the effects of water stress 
of various durations at different developmental 
stages on the growth and yield of rice. IR64 was 
grown in a greenhouse during 1987 WS (July-
November) in polyvinyl chloride (PVC) pots 
(20 cm inside diameter, 55 cm height) under 
aerobic conditions. N, P, and K were zpplied at 
60-39-30 kg/ha at 9 DAS. \Vater was withheld for 
5, 10, or 15 d from stress treatment pots beginning 
at 10, 25, 40, 55. 70. 85, and 100 DAS. Treatments 
were re-licated 6 times, with I plant in I pot per 
replication. At the end of each stress period, 2 of 
the 6 pots were sampled to determine leaf area, 
plant biomass, and developmental stage. Cor-
responding control plants were also harvested, 

Leaf area (dm2/plant) 

duration40 Stress 

0 	 5d 


tad 

Sd 

30 0 Contro, 


202
 

10 	 I 


L_ 	 I 


10 30 50 70 90 110 
Days after
seeding 


8. Leaf area of IR64 stressed for 0,5. 10, or 15 d at different 
growth stages. IRRI, 1987 WS. 

The effects of water deficit on leaf area increased 
with length of stress period and age of the plants 
(Fig. 8). Leaf area was reduced mostly by leaf 

Shoot dry weight (g/plant) 
120
 

100 _ Stress duration 
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15d 
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Days after se ding 

9.Shoot dry weight of IR64 stressed for 0, 5, 0,or 15 d at 
different growth stages. IRRI. 1987 WS. 

Grain eld(g/plont 
ob ad 5d t'dtod 

50 -
K : 

ON: 

~~40 / K-'C~ 
0,/K 

10-

Control 25-40 40-55 70-85 85-100 100-110
10-25 55-70 


Time of stress treatment (DAS) 
10. Grain yieldof IR(4 stressed for 0, 5, 10,or 15d atdifferent 
growth stages, IR RI, 1987 WS.Bars with the sameletterare not 
significantly different atthe Yt4 level by DMRT. DAS = days 
after seeding. 
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rolling, not by abscission. Shoot dry weights of 
plants stressed for 10 or 15 d were less than those of 
the control plants by 20-40% (Fig. 9). Water stress 
before 40 DAS had no significant effect on grain 
yield (Fig. 10). Stress periods of 5 and 10d during 
the reproductive phase (45-80 DAS) caused 25-
401;4 yield reductions. At F11 (55 DAS), flowering 
(70 l)AS), and early grain filling (85 DAS), the 
15-d stress period reduced yields by 70, 88, and 
52(,. respectively. Yield component amlysis 
(Fig. 11) showed the following: I) Stress at P1 
reduced panicle number most, but all stresses--
regardless of crop stage or duration- significantly 
reducced panicle number. 2) Stress at flowering 

Ponicles (no /plant) 
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Control 10-25 25-4040-55 55-70 70-85 85-100100-110 

caused the greatest reduction in filled spikelets per 
plant and the greatest increase in unfilled spikelets. 
At flowering, the 15-d stress reduced grain weight, 
but the 5-d stress increased grain weight, presum
ably because the 5-d str-ss affected the sink more 
than the source, whereas the 15-d stress affected 
both source and sink. 3) During early grain filling, 
the 15-d stress increased the proportion of unfilled 
spikelets. 

These results will be used to develop a dynamic 
model ofdrought stress that integrates severity and 
crop stage of stress into a single index related to 
grain yield. 

Unfilled spikelets (/) 
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II. (irain yield components of IR64 stressed tit 0. 5, 10. or 15 d at different growth stages, IRRI, 1987 WS. Bars with thesame 
letter are not significantly different at the 5t; level hy DMRT. 
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FLOWERtING STAGE I)ROU(IHT RESISTANCE 

AgronomnY Departmet and Rice Farming Systems 

Progran 


Grain growth and yield of rice under water deficit 
at different growth stages (Agronomy). Rice yields 
are most susceptible to reduction by drought that 
occurs at flowering. To understand the mechanisms 
of reproductive phase drought resistance, a field 
experiment on the IRRI upland farm investigated 
the effects of water deficit at different growth stages 
on grain growth characteristics and yield. Six 
cultivars representing three rice types were studied: 
AUS257 and AUSI96 (aus type), Kinandang 
Patong and IRAT04 (japonica type), and IR43 
and UPLRi-7 (indica type). /011 cultivars were 
seeded on 6 dates at 7- to 14-d intervals to generate 
plots of different growth stages during a single 
drought period. 

Grain yiehl. Although few varieties can be 
directly compared, yield differences in response to 

Grain yield (f/ha) 

Drouht period 

4 
Panicle q/ at down ..- . " 

water deficit at different growth stages ,vere evident 

(Fig. 12). Yield data were probably complicated by 
weather factors, particularly solar radiation, which 
dropped after the first week of May. Nevertheless, 
yield reductions when drought was imposed during 
grain filling or flowering indicate rice sensitivity to 
water deficit at the mid-reproductive phase. 

Grain growth anI.ijehl. Neither final individual 
grain weight (IGW) nor effective individual grain 
filling duration (IGFI)) was correlated with grain 
yield (Fig. 13, 14). There was. ho.,.cver, a significant 
correlation between individual grain growth rate 
(IGG R) and yield (Fig. 15). Thus IGGR appeared 
to be the grain growth parameter most closely 
related to yield for rices subjected to water deficit. 

Grain growth characteristics. For all panicle 
sections and varieies, IGGR was positively cor
related with IGW (Fig. 16). Strong but negative 
correlations were observed between IGGR and 
effective IGFD. Although IGGR was significantly 
correlated with both 1GW and IGFD, IGW and 
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12. Rice grain yield in response to water defiit at diI'lerent growth stages., IRRI. 1987. Points to the left of the drought period representctltivars that Ilowered before the stress and their planting dates: thus they were- at the grain filling or maturation stage during stress.Inits tothe right o0thedrought period indicate cultivars that flowered after the stre period and their planting dates: thus they were in
!, .egetatke phase to panicle initiation or booting during the stress period. 

15 
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13. Relationship of final grain weight to grain yield of rice 
subjected to water deficit atdifferent growth stages, IRRI, 1987. 0 
Each point is the average of values computed from .tpanicle 0 .5 1.0 1.5 2.0 2.5 
sections. 

Indiviouol groin growth rate (mg/d) 

Groin yeld (g/m2 ) 15. Relationship of individual grain growth rate to grain yield
350 1 of rice subjected to water deficit at different growth stages,

I R RI,1987. Each point isthe average of individual grain growth 
0 V AIJS257 rates across 3 panicle sections. 

T AUS196 
300 -- C1Kinondong PaooN 

0 IRAT104 
0 UPLRI-7 

V V V 0 R43 IGFD were not correlated with each other (r =250- 111 * 	 0.14). 

0* o 	 Droughteffects. The effects of water deficit on200- 0 	 grain growth characteristics were different for all 
varieties. For AUS196, IGFD was reduced, and 

150 - 3 IGGR of basal grains was reduced. For AUS257, 
Y=305.6-783X IGFD was reduced and, after stress, the onset of 

0 =-o.30o',*n=3o growth for middle and basal grains was delayed100 and IGGR increased. For IR43, IGFD increased. 
For UPLRi-7, IGGR was reduced and IGFD was 

50- increased for middle and basal grains. For 
0 Kinandang Patong, IGFD was reduced and IGGR 

increased. For IRATI04, IGFD was reduced.
0 10 15 20 There were no obvious responses associated with 

Effective filling period(d) 	 either rice type or drought resistance level. 
14. Relationship of effective filling period to grain yicld of rice Therefore, further research is needed to determine
 
subjected to water delicit at different growth stages. iRRI, 1987.
 
Each point is the average of effective filling period computed for how grain growth characteristics may contribute to
 
3 panicle sections. drought resistance.
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Final grain weight (rag) Effective filling period (d)
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Hybrid rice responses to intensity of water 37 kg NPK/ha. Two 15-d stress periods were 
deficit at panicle differentiation and flowering imposed, one at panicle differentiation, the other at 
(Agronomv andRice FarmingSystems Program). flowering. Outside of these stress periods, soil of all
 
Hybrid rices yield up to 30% more grain than pots was kept near saturation. To impose different
 
inbred varieties under irrigated conditions in water stress intensities, water was added daily as a
 
China, but no hybrid varieties have been speci- fraction of transpiration in the fully irrigated
 
fically developed for rainfed conditions. To com- treatment to give a control (Ta 1.0) and 4 stress
 
pare the physiological responses of hybrid and treatments (Ta 0.75, Ta 0.5, Ta 0.25, and Ta 0.0).

inbred rices under water deficit conditions, a Daily transpiration was measured as the change in
 
greenhouse experiment was conducted in 1987 pot weight over 24 I1.
 
WS. 'lilree plants each of IR54752/1R46 (F, Data on predawn LWP, leaf area, shoot dry
 
hybrid), IR46 (parent), and UPLRi-5 (local check weight, transpiration, spikelet sterility, and grain

variety) were grown under simulated upland yield are presented in Figures 17-22. Hybrid plants
 
conditions in plastic pots containin,., 8 kg soil. appeared to experience a more severe stress than
 
Fertiliiers were added at rates equivalent to 90-20-
 the parent or upland variety, probably because the 
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18. Leaf area of hybrid, parent, and upland rice in response to intensity and timing of water deficit, IR RI,
1987 WS. Number following Ta is the ratio of irrigation of specific treatment to continuously irrigated 
treatment. 
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Shoot dry matter (g) 
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19. Water use efficiency of hybrid, parent, and upland rice in response to intensity and timing of waterdeficit, IRRI, 1987 WS. Number following Ta is the ratio of irrigation of specific treatment to 
continuously irrigated treatment. 

Actual daily transpiration (g) 
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20. Dail\ transpiration of hybrid, parent, and upland rice in response to intensity and timing ofwaterdeficit, IRRI, 1987WS. NuLhcr following Ia is the ratio of irrigation of specific treatment to continuously irrigated treatment. 
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Spikelet sterility (/) 
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21. Spikelet sterility at harvest for hybrid, parent, and upland rice in response to intensity and timing of water deficit,
IR RI, 1987 WS. Number following "a isthe ratio of irrigation of specific treatment to continuously irrigated treatment. 
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22. Grain yields of hybrid, parent, and upland rice in response to intensity and timing of water deficit, IRRI, 1987 WS. 
Number Iollowing Ta is the ratio of irrigation ofspecific treatment to continuously irrigated treatment. 

hybrid had a higher transpiration rate, and soil that there may be an advantage in growing hybrid
moisture and root growth were limited by the pots. rices under upland conditions, especially if rainfall 
Under well-watered conditions, the hybrid pro- isadequate. Underwaterdeficit, hybrid rice had no 
ducedgreaterleafarea, shoot dry weight, andgrain apparent advantage over the parent or upland
yield than the parent or upland variety. In low and variety in this pot study, but these varieties must be 
zero irrigation treatments, however, differences tested under field conditions before firm con
among varieties were small. These results suggest clusions can be drawn. 
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Assimilate translocation of lowland rice in 
response to water deficit, shade, and herbicide 
(Agronomtr). Rice translocates significant amounts 
of stored assimilates to fill grains, and the fraction 
of grain yield derived from translocated assimilates 
increases under stress. We therefore hypothesized 
that rice yields under stress in general, and 
specifically drought during the reproductive phase, 
would be related to the level of stored assimilates 
and to the ability to translocate stored assimilates. 
Field research was initiated during 1987 WS under 
lowland conditions at IRRI with 8 replications of2 
main plot treatments -- continuously flooded and 
drained from 20 d after PI to 10 d after panicle 
emergence. Within main plots. subplots were 
combinations of three varieties, three shade, and 
one herbicide treatment. Stress before, during, or 
after flowering increased apparent translocation 
rate (ATR), the fraction ofpanicle weight derived 
from remobilized assimilates (Table 23). A com-
bination of'stresses further increased ATR. Among 
the varieties tested, IR46 appeared to have the 
highest ATR and grain yield. Because of untimely 
rains, water deficit effects were relatively small, so 
research is continuing to elucidate the relationship, 
if any, between ATR and drought resistance. 

ROOT SlltI)IFS 
Agrionniw Department and International Rice 
Gernijplaski Center 

Leaf water potential and transpiration as affected 
by root xyleni anatomy (Agronom'i). IDifferences 
in rooting depth anong rainfed rices have been 
correlated with plant water status during water 
deficit. )eep roots enable a plant to maintain high 
LWI even if the upper soil layers become dry. 
However, dccp roots may need to be coupled with 
low root axial resistance to extract water efficiently 
from deep soil layers during drought. 

Genotypic variation in number and size of main 
xylem vessels of seminal and nodal roots of rice 
was previously reported (Annual report for 1985). 
A follow-up study was conducted to determine the 
effects of these root characteristics on LIWP and 
transpiration. IR36, IR20, 63-83, IAC25, and 
Azucena were grown in a phytotron greenhouse 
(32 /24 0 C) in 60-liter plastic pails containing 
culture solution. At 4 wk after germination, tillers 
were pruned to I main tiller per plant. At 7 wk after 
germination, roots of the main tillers were pruned 
to different numbers and then plants were trans
ferred to PVC pipes (8 cm internal diameter, 60 cm 

Table 23. Effects of water deficit, shade, and atrazine on assimilate remobilization to grain growth for rainfel lowland 
rice.a IRRI, 1987 WS. 

Dry (drained from 
Wet (continuously flooded) 20 DAPI to 1ODAPE)Variety Treatment 

Yield ATR Yield ATR 
(t/ha) %) (t/ha) %) 

IR64 No shade or herbicide 4.0 4.6 3.9 12.8 
Shade (10-25 OAPI) 3.1 10.3 3.1 22.1
Shade (5-20 DAPE) 2.8 24.3 2.8 34.2
Atrazine (5 DAFE, 0.05 kg ai/ha) 3.2 34.1 3.0 39.9 

IR46 No shade 4.6 6.3 4.4 8.5
Shade (10-25 DAPI) 3.6 12.4 3.5 23.4
Shade (5-20 DAPE) 3.4 28.1 3.3 40.2 

Mahsuri No shade 3.1 A4 2.9 5.8
Shade (10-25 DAPI) 2.1 10.1 2.0 11.6
Shade (5-20 DAPE) 1.8 20.2 1.7 25.4 

aATR (apparent translocation rate) = WSF- WSM 1 

WIM - WPF 
where WSF = dry weight of stem at flowering, WSM = dry weight of stein at maturity, WPM = dry weight of panicle atmaturizy, WPF = dry weight of panicle at flowering. DAPI = days after panicle initiation, DAPE = days after panicle 
emergence. 
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long) in a phytotron growth cabinet (32/24 0C, vessel radius increased, with LWPs of plants at
6001 RH. 113.4 W ni"2 radiation). Root numbers 0 cm water depth higher than those at 15cm depth
were varied from I to 10 per tiller tu Live a wide (Fig. 23a). For 5 varieties combined, at equivalent
range of equivalent root xylem vessel radius tle root vessel radius above 50 pm, LWPs at 0 and 15
radius of a vessel that can transport the same cm water depth were not significantly different
aonlunt of water as several vessels in parallel. 'Fhe (Fig. 23b). In general, transpiration increased with
culture solution was either kept at tle level of the increase in equivalent root vessel radius (Fig. 24).
shoot base or lowered to 15 cm below tile shoot Equivalent root vessel radius and total cross
base I d before measurement. Measurements were sectional area of vessels were positively correlated 
done when plants \wcre 56-59 d old. with root diameter for an individual root (Fig. 25,

Thc IPW of IR36 increased as equivalent root 26). There were fewer and smaller vessels near the 
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25. Relationship between root diameter and equivalent root 
vessel rodius a) in IR36 and b) across 5 varieties. IRRI. 1987. 

root tip than near the base of the shoot. Thus, these 
relationships partly explain the abilit. of rice 
cultivars with deep and thick roots to maintain 
higher LWPs during drought than cultivars with 
shallow and thin roots. 

Genetic studies on diought avoidance meclan-
isms (InternationalRice Germplasm Center). The 
root and shoot charactcrs of rice play a major role 
in drought resistance. The number and size of 
xylem vessels inthe roots are closely related to the 
capacity of the plant to transport water and 
nutrients absorbed from the soil, while leaf area is 
related to transpiration. Genetic analyses of five 
parents, F, and F2populations in crosses involving 
an upland variety, two hill rices, one aus as the 
female parent, and the drought-susceptible IR20as 
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26. Relationship between cross-sectional area or root and total 

cross-sectional area of root vessel a) in 1R36 and b) across 
5 varieties, IRRI. 1987. 

the common male parent, were conducted in 
hydroponic culture. 

Initial differences among the 5parents in number 
ofroot xylem vessels and their areas were observed 
at 20 DAS; maximum growth was at 45 DAS. 
Moroberekan had higher root xylem vessel number 
and larger area than the two hill rices from 
Bangladesh-Mijingem and Mimidim Alang. IR20 
and the aus variety Pukhi had the lowet xylem 
vessel number and area. The growth pattern of root 
xylem vessel area was more consistent than the 
vessel number. 

The F, hybrids in general had a superior root 
system characterized by thick, heavy, and long 
roots with a high root xylem vessel number. 
Analysis of the F2 populations showed that the 

http:765+-002X+32.86
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large xylem vessel area of upland and hill rices 
seems to be generally controlled by a few genes 
with additive effects. Both xylem vessel number 
and area are contiolled by a few genes of the 
polymeric model with additive and dominant 
effects. 

The high leaf area of the upland variety was 
governed mainly by dominant alleles, whereas the 
high leaf area of hill rices was controlled by genes 
with additive effects. 

Moderately high to high broad sense heritability 
was observed in xylem vessel number (36-74%), 
xylem vessel area(44-67%), and leaf area (38-59%). 

Phenotypic correlation coefficients showed that 

root length was significantly and positively as
sociated with both root xylem vessel number and 
area in crosses involving the two hill rices. In the 
cross involving the upland Moroberekan, the large 
xylem vessel number and area were closely related 
to thick root diameter. 

Root diameter was positively associated with 
leaf area in the crosses Mimidim Alangi IR20 and 
Pukhi/ IR20, but not in the other two crosses. The 
substantial differences in the relationships of root 
and shoot characters among the four cross com
binations indicate the complexities in combining 
different traits and in selecting donor parents in 
breeding for drought resistance. 



Genetic evaluation and utilization 
(GEU) program 

Adverse soils tolerance 
Soils, Plant Breeding, and Plant Physiologv Departments and International 
Rice 7esting Program 

SAIINIIY 134 
Mass screekiling 134 
Yield trial 134 
Evaluation of seedling salt tolerance of lines 

obtained bv anther culture 135 
Sensitivity of rice seedlings to salinity 136 
Salt tolerance in wild rices 137 
Physiology and genetics of salt to!erance 137 
Sodium uptake 137 

ALKALINIIY 138 
Mass screening 138 
Yield trial 138 

PHOSPHORUS 1381I-)-ICII-NUN' 


Mass screening 138 

Yield trial 138 


ZINCUIlI-IIIN(" 138 
Mass screening 138 
Yield trials 138 
Nutrient imbalance 139 

BORON TOXICITY 139 
Varietal performance 139 

ALUMINUM TOXICITY 139 
Screening of upland rice cultivars 139 

MULTIPLE STRESSES 139 
Mass screening and yield trials for peat soil 

problems 139 
Mass screening and yield trial for acid upland 

soils 140 
Mass screening and yield trial for inland iron-toxic 

and phosphorus-deficient soils 141 
Mass screening and yield trial for saline and acid 

sulfate soil conditions 142 
Varietal screening for coastal saline soils 143 
Varietal differences in tolerance for acid sulfate 

soils 143
 
Multiple chemical stresses 144
 



134 IRRI ANNUAL REPORT FOR 1987 

Since 1969, more than 177,000 rices have been 
screened for soil toxicities aiid nutrient deficiencies 
(Table I). In the 1987 screening, 16% were rated 
tolerant. Performance trials were continued. We 
refined our techniques for mass field screening, 
studied possible mechanisms of tolerance, and 
explored new methodologies for mass screening 
for soil stresses. 

SALINITY 

Soils, Plant Physiology, and Plant Breeding 
Departments, and International Rice Testing 
Program 

Mass screening (Soils). Of the 2,422 tested entries, 
including those from the salt tolerance breeding 
program, elite breeding lines, advanced breeding 
lines, and anther culture-derived lines, 350 were 
found to have acceptable tolerance. Outstanding 
entries included 1R36, IR42. Cheriviruppu, 
IR4630-22-2-5-1-3, 1R9884-54-3, two IR41985 
lines, and an anther culture-derived line AC6510.3. 

Atest of 130 entries from the International Rice 
Salinity and Alkalinity Tolerance Observational 
Nursery (IRSATON) on artificial saline soil with 
an electrical conductivity (EC) of 8 dS/m con-
firmed the salt tolerance of IR9884-132-3 and 
moderate tolerance of Bhurarata 4-10, 1R37135-
14-2-1-1, and IR19743-25-2-2-3-1. 

A total of 243 rices, including entries from the 
elite breeding Iincs and those rated tolerant in 
earlier trials, were tested on salinized plots (EC 6 
dS/m) on the IRRI farm. During the dry season 

Table 1. Summary of screening for chemical stress toler-
ance. IRRI, 1959-87. 

Entries Entries found Entries t%) 
Stress tested tolerant with score 

(no.) (no.) <3 
Salinity 107,465 20,469 19.1 
Alkalinity 26,120 4,232 16.2 
Peat soil 2,755 252 9.1 
Fe toxicity 6,140 479 7.8 
Pdeficiency 9,457 1,241 13.1
Zn deficiency 22,167 1,867 8.4 
Fe deficiency 891 85 9.5 
Al or Mn toxicity 2,055 222 10.8 
Btoxicity 614 133 21.7 

Total 177,664 28,80 

(DS), 16 entries were rated tolerant. Although 
temperatures were lower during the wet season 
(WS) and the range of scores narrower at 4-7 than 
3-9 in DS, only another 16 were given tolerant 
ratings. Lines IR19431-72-2 and IR34686-179-1-2
2 were given tolerant ratings in both DS and WS, 
while IR28228-28-l-3-3-2 was rted most tolerant. 

Other entries rated tolerant were IR64, 1R21567
9-2-2-2-1, IR26957-86-2, IR34686-179-1-2-1, 
IR44597-61-1-1-3, IR28183-3-2-2-1-1, IR28228
119-2-3-1-1, IR13146-45-2-3, IR44538-128-2-1-3, 
IR44531-120-1-3-3, IR44541-63-3-2-1, 1R44563
I07-1-3-6, IR44567-18-2-3-2. IR28228-12-3-1-1-2, 
IR3304346-1-3, IR35366-62-1-2-2-3, IR39357-133
3-2-2-2, IR41985-46-1-3, IR42028-50-2-1-3-2-2, 
IR 19431-72-2, IR31892-100-3-3-3-3, IR42329-20
3-2-2, 1R37096-50-1-3-3, IR39365-124-3-3-2-3, and 
IR41167-53-21-4-2. 

Most of the entries scored as tolerant can be 
traced to salt-tolerant parents such as 1R42, IR54, 
IR13423-10-2-3, IR4630-22-2-17, and Cheri
viruppu. 

Mass screening was conducted in farmers' fields 
at three locations: Bulacan (DS and WS), 
Pampanga (DS and WS), and Pangasinan (WS). 
Salinity is caused by inundation with brackish 
water and by the capillary rise and evaporation of 
saline groundwater. The degree of salinity varied 
with site and with season. It was least in Bulacan 
(5-7 dS/m) and most severe in Pangasinan (9-11 
dS/m). It was more severe in DS. 

In Bulacan and Pampanga, the EC decreased 
with time during the growth period because of the 
impounding of fresh water for wetland rice, which 
could have leached down the salts. In Pangasinan, 
however, the soil was too clayey to allow leaching
of salts by the impounded water. 

In DS, 59 of 324 rices were rated tolerant. Only 
three rices showed comparable tolerance at the two 

sites. Of 324 rices tested in WS, 73 were tolerant; 10 
of these showed tolerance at all 3 sites: IR32843-922-2-3, IR31086-4-2-1-1-1-1-3, Nona Bokra, 

IR37003-15-3-33, Rohy 1315-WAR-3-3-B-3,
IR28224-3-2-3-2, IR31868-64-2-3-2-2, B5316-120

MR-4-1, IR9884-132-3, and C1333-4. Averaged for
all locations and seasons, IR32843-92-2-2-3 reacted 
consistently.

Yidd trial (Soils). During DS, the yield capaci
ties of 24 rices previously found tolerant in 
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greenhouse and field mass screening were tested on 
salinized Maahas clay (EC 6dS/m). Yield ranged 
from 0.1 t/ha for IR28 to 2.7 t/ha for IR32429-47-
3-2-2. IR28228-19-2-3--Rgave the ehighest straw3-2-. IR g t82281192-3--Ive hghes str 

yield (5t/ha), but grain yield was only 1.8 t/ha. 
Evaluation of seedling salt tolerance of lines 

obtained by anther culture (Plant Physiology).The 
seedling salt tolerance of 4 R3 lines produced by" 

anther culture that were proven to be salt tolerant 
in field experiments was determined together with 
that of 20 other rice varieties and lines. One 
hundred seedlings pe, line were grown in normal 
solution for Iwk and then salinized at 15 dS/ m for 
2 wk. Na+ content, dry weight, and peruentage 
survival of control and salinized seedlings were 
determined. 

Relative growth was negatively correlated with 
Na+ content in the leaf, which was similar to that 
reported in the IRRI Annual report for 1986, using 
germinated seeds at 5 dS/m (Fig. 1). Anther-
cultured materials have intermediate salinity toler-
ance in terms of relative growth. Survival percen-with Na+correlatedalso negativelytage was 
content in the shoot, with two survival patterns for 
the varieties (Fig. 2). The LD50 (Na+ content that 
gives 50% mortality) differed between these 2 
groups of varieties. Anther-cultured lines were out 
of range of these survival patterns and were highly 
susceptible in terms of survival. This abnormal 
behavior might be due to genetic variability within 
each line. Genetically stable cultivars are more 
homozygous so that varietal differences are within 
the range of the survival patterns, 

The seedling fresh weight histogram of four 
anther culture R3 lines was determined to check 
their homozygosity. At R 4, one stock of AC6533-8 
(A), which was a cross between 1R4630 and 
Pokkali, was still heterozygous in nature as far as
seedling growth was concerned (Fig. 3). A wide 
range of fresh w-ights showed the variation in 
seedling growth. However, another stock of 
AC6533-8 (B) was less heterozygous, with con-
siderably fewer peaks. Two other anther-cultured 
lines derived from the cross IR5657/IR4630 also 
showed genetic variability and differences in 
distribution patterns (Fig. 4). IR51500AC-2 was 
less heterozygous than IR51500AC-3. 

Survival percentage was also related to relative 
growth at 15 dS/ m (Fig. 5). Again, anther-cultured 
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lines deviated from the normal pattern; their 
relative growth was high, but survival was low. 
This means that, after salinization, few seedlings 
survived in anther-cultured lines, but the surviving 
materials grew well, compensating for the low dry 
weight ofthe dead seedlings. The result also implies 
the presence of genetic variability within the 
anther-cultured lines. 

Theoretically, anther culture-derived material
should be hormozygous. The reason why anther 

culture-derived materials included in this study 
showed such genetic variability needs to beexamined. As far as seedling salt tolerance is 

concerned, the tolerance level of anther-cultured 
materials included in this study is not high.

shwesurviving materials (variants) showedgood growth under salinized conditions. Further 

tpurilication of the genetic variability of theseby screening the tolerant materials under 

salinized conditions may reveal tolerant variants 
them. 

Sensitivity of rice seedlings to salinity (hIter
nationalRice Testing Prograinand I'IMan Breed
ing). An experiment using varieties Nona Bokra,Pokkali, IR28, and IR2035-1 17-3 determined the 

age at which rice seedlings are highly sensitive to 
salinity. Pregerminated seeds were sown, ,).it:seed 
per hole, on a styrofoam board with 60 holes and a 
nylon net bottom. The styrofoam board with 60 
seedlings was floated in a40- X 20- X 15-cm plastic
tray filled with 7 liters of nutrient solution 
maintained at pH 5.0. The seedlings were grown at 
29/21 T (day/night) with a relative humidity(RH) of about 70% in the glasshouse of the 

phytotron Under natural daylight conditions. 
Salinity stress of 6800 ppm (EC 12 dS/m) was 

introduced by adding a 1:1 mixture of NaCI and 
CaCI2 to the nutrient solution for 4-, 5-, 6-, 7-, 8-,9-, 10-, 11-, and 12-d-old seedlings. Salinization 

continued fo. 14 d. The results indicate (Table 2) 
that salinity did not affect survival in tolerant 
varieties Nona Bokra and Pokkali. Sensitivevariety IRI28 was severely aff'ected by salinity up to 

7d and then gradually gained tolerance. IR2035117-3 showed sensitivity up to day 6 and then 

gained tolerance. A varietal difference with regard 

Table 2. Percentage of survival of rice seedlings (4 to 12 d 
old) at salinity of EC 12 dS/m. IRRI phytotron, 1987. 

Survival %) 
Variety 

4 5 G 7 8 9 10 11 12 
Nona Bokra 100 100 100 98 96 100 100 100 100 
Pokkali 100 100 100 100 100 100 100 100 100 
IR28 2 17 12 20 70 70 97 100 100 
IR2035.117-3 10 52 57 85 93 92 98 100 100 
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Table 3. Survival of Oryz3 species at 6800 ppm (EC 12 dS/m) salinity. IRRI phytotron, 1987. 

Oryza species Accession no. Genome 

0. glaberritna 100855 AA 
0. nivara 102163 AA 
0. punctata 101434 BB 
0. officinalis 100896 CC 
0. minuta 101125 BBCC 
0. latifolia 100885 CCDD 
0. australiensis 100882 EE 
O. brachyantha 100115 FF 

to salt tolerance was obvious, and sensitive varieties 
gained tolerance with increased age. 

S'it tolerance in wild rices (InternationalRice 
7esting Program).Seven wild species of Or'yza and 
the African cultivated species 0. glaherrimnawere 
evaluated for salt tolerance, using a salinized 
nutrient solution in the phytotron glasshouse at 
29/21 'C (day/night) and 70% RH. Seedlings at 
the 2- to 3-leaf stage were subjected to salt stress of 
6800 ppm(EC 12dS/m)bvaddinga 1:1 mixture of 
NaCI and CaClI to the nutrient solution. Saliniza-
lion continued for 14 d. All species tested were 
susceptible to salinity during the seedling stage 
(Table 3). Survival ranged from zero for 0. 
hrach'antha to 16% for 0. glaherrima. The 
tolerant check Nona Bokra showed !00% survival, 
whereas no seedlings in the susceptible check IR28 
survived. Salinity tolerance among the wild species 
is apparently very low. 

Physiology and genetics of salt tolerance (Plant 
Breeding). Our collaborative research program 
with the University of Sus;ex, United Kingdom, 
expanded with the inclusion of studies on the 

Table 4. Embryo and endosperm weights of rices in salini-
ty screening. IRRI, 1987. 

Variety Reaction Embryoorlieto weight Endospermweight
or line salinity a (mg) (mg) 

IR9764-45-2 R 0.47 19.1 
IR64 R 0.44 18.0
IR42 R 0.39 15.2 
Pokkali R 0.56 18.6 
IR28 S 0.38 16.7 
M-48 5 0.38 16.2 

aR = resistant, S - susceptible, 

Seedlings
tested 

Seedlings that 
survived Survival 

(no.) (no.) 1%) 

25 4 16.0 
21 3 14.3 
60 5 8.3 
88 5 5.7 
55 7 12.7 
46 6 13.0 
54 1 1.9 
43 0 0 

genetics of salt tolerance mechanisms. Crosses 
made last year with the objective of pyramiding 
different mechanisms into one variety were ad
vanced under saline soil conditions up to the F4. 
Seed samples of each generation were sent to 
Sussex to determine the efficiency of selection of 
the desired genotypes. We selected five varieties 
having different physiological mechanisms for salt 
tolerance and made crosses in a diallel pattern. 
These crosses are being studied in Sussex to 
determine the genetic control of various 
mechanisms. 

Sodium uptake (Soils). The sodium uptake of 
four salt-resistant and two susceptible varieties was 
studied to elucidate the mechanism of salt 
tolerance. 

The embryo weights of the resistant varieties 
were higher than those of the susceptible entries 
(Table 4). This characteristic appears to be an 
indication of the ability of the plant to grow more 
vigorously. Under adverse conditions, therefore, 
the plant possesses the ability to withstand stress. 

Mineral analysis revealed that the resistant 
Pokkali had the lowest Na + concentration in the 
shoots, while the susceptible IR28 and M148 had 
the lowest K+ content in the roots (Table 5). 

The susceptible MI-48 accumulated the highest 
amount of Na+ in the shoots, but it had the least in 
the roots (Table 5), implying that the susceptibility 
of MI48 is due to the accumulation of Na + in the
shoots. The low shoot Na content ol Pokkali, on 

the other hand, is attributable to dilution from 
rapid vegetative growth.

On the average, resistant varieties had slightly
K+lower ratios of Na + to in the shoots thai 

susceptible IR28 or MI-48, the difference in the 
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Table 5. Na+ and K+ contents of shoots and roots. IRRI, 
1987. -. 

Variety 
or line 

NO 
(M) 

K+ 

M 

Shoots 
1R9764-45-2 4.00 2.29 1.7 
IR64 4.64 2.13 2.2 
IR42 4.26 2.56 1.7 
Pokkali 
IR28 

3.04 
4.32 

2.68 
2.16 

1.1 
2.0 

MI-48 5.04 2.34 2.2 
Roots 

IR9764-45.2 3.22 1.46 2.2 
IR64 3.38 1.52 2.2 
IR42 
Pokkali 
IR28 

3.28 
3.25 
3.89 

1.22 
1.33 
1.17 

2.7 
2.4 
3.3 

MI48 2.74 0.74 3.7 

Na+:K + in the roots being more pronounced. The 
accumulation of Na in the roots of resistant 
varieties is balanced out by K- (Na+:K + = 2.2 
-2.7), but susceptibility appears to result in a wider 
Na+KX of ">!3.3. 

ALKALINITY 

Soils Department 

Mass screening. Of 1,148 entries screened in the 
greenhouse, 278 were rated tolerant; 15 were rated 
tolerant during both DS anld WS. 

Of 102 entries tested in an alkalized soil (pH 8.4, 
sodium adsorption ratio [SARI 36) at the IRRI 
farm during DS, only IR21567-18-3 was rated 
tolerant, 23 scored 5, and the rest 7-9. 

In the same field during WS, a test of 81 entries 
revealed 1R28224-3-2-3-2, IR32809-26-3-3, 
IR33059-26-2-2, IR37873-16-2-3-3, and IR29725-
109-1-2-1 to be tolerant, while 28 were susceptible. 

Of 32 IRSATON entries tested in alkalized 
plots, the best mean scores were given to C5 and 
IR14632-2-3; 5 entries were found susceptible. 

Yield trial. The performance of 16 rices was 
evaluated in an alkalized field (pH 8.3, SAR 30) at 
IRRI during DS. In spite of the severe chemical 
stress compounded by high temperatures, IR33059-
26-2-2 and 1R29692-99-3-2-1 gave higher grain
yields (1.5 t/ha) than the resistant check IR46 
(0.4 t/ha). 

PHOSPHORUS DEFICIENCY 
Soils Department 

Mass screening. Varietal differences in P efficiency 
were studied in culture solution in the greenhouse 
and in yield trials in a P-deficient farmer's field.Of 
1,023 rices, 137 were rated P efficient, Twelve
entries were consistently rated P efficient: IR54; 

tissue culture-dei ivcd lines 6514-2,6514-4,6526-20,
6526-26, and 6550; IR5657-33-2, 1R5960-2-6-3, 
1R28224-3-2-3-2, IR35710-5-1-1-3, and IR42029
38-1 from the breeding lines; and IR49223 from the 

deepwater pedigree nursery.
Yield trial. The yield of 32 rices grown with and

without P fertilization was tested in DS and WS.
Based on a grain yield of more than 4 t/ha on the 
unfertilized plots, IR65 and IR21567-9-.2-2-3-1 
were P efficient; 20 varieties were moderately 
efficient; IR36, with a yield of 2 t/ha, was 
reconfirmed as moderately susceptible. 

Fertilization with 25 kg P/ha gave a mean yield 
response of 29%. Eight rices had significant 
increases of 1.4 t/ha. 

ZINC DEFICIENCY 

Soils Department 

Mass screening. Of 875 entries screened on a Zn
deficient soil in Bay, Laguna (pH 7.2, organic C 
[OC] 4.2%, available Zn 0.12 mg/Kg), 289 were 
rated tolerant. Among these were tissue culture
derived rices and IR20, IR43, IR48, and AC 1182. 

Yield trials. In a severely Zn-deficient farmer's 
field in Lapayon, Leganes, Iloilo, Philippines, 21 
rices that had been earlier rated promising were 
further tested for yield performance. Fve varieties 
with grain yield of 3-4 t/ha were considered 
efficient users: IR8192-31-2-1-2, IR54, 1R29723
143-3-2-1, IR4683-54-2, and IR8192-?00-3-3-1-1. 

Forty-two selected rices were grown in an 
unfertilized Zn-deficient farmer's field in Laguna. 
Six lines-IR35361-59-3-3-2, IR42115-33-1-3-6, 
IR28224-3-2-3-2, IR32307-107-3-2-2, IR29723-143
3-2-1, and IR21567-16-3-with an average yield of 
4.3 t/ha performed ' ..tter than the resistant check 
IR34. Four of these lines were medium-early to 
late-maturing in contr'st with those rated sus
ceptible, which were all early maturing. 

http:field.Of
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Nutrient imbalance. In a screening trial of the 
Plant Breeding Department in Block G17 of the 
IRRI farm for deepwater tolerance in 1987 WS, 
some plants in the middle portion of fieldtile 
exhibited leaf yellowing symptoms similar to Zn 
deficiency or tungro injury. To determine the cause 
of the symptoms, 25 lines were sampled for 
micronutrient analysis. For 20 lines where only the 
end portions of tile plots were affected, both 
healthy and damaged plants were sampled for 
comparison. 

Zn contents of all lines sampled ranged from 16 
to 22 m,/kg, all within the critical limit for Zn 
deficiency stress (20 mg/kg). Healthy and affected 
plants showed no significant difference in Zn 
content. However, Fc-to-Zn ratios of affected 
plants were higher than those of healthy ones 
(Table 6). The Fe-Zn imbalance appeared to have 
induced Zn deficiency. This verifies earlier findings 
on the importance of nutrient balance in the study 
of micronutrient deficiencies or toxicities, and 
underscores the usefulness of nutrient ratios as an 
adjunct to visual scoring in varietal screening tests 
for micronlitrient deficiencies, particularly Zn 
deficiency. 

BORONTOXICITY 

Soils 
oisDepartnnt 

Varietal performance. The performance of 19 rices 

was evaluated on fertilized (75 kg N/ha) artificial 
B-toxic soils (10 mg B/kg). Grain yields ranged 
from 3 t/ha for IR50 and IR52 to 5 t/ha for 
1R28222-9-2-2-2 and IR29723-143. The two lowest 
yielders were given a score of 2 for B toxicity 

Table 6. Ranges in Zn, Fe, and Fe:Zn values of 25 lines 
from Block G17, IRRI, 1987 WS. 

Healthy With symptoms 

Range 
Av 

Zn content (mg/kg) 
16-22 
17.5 

16-19 
17.9 

Range 
Av 

Fe content (mg/kg) 
84-181 

129 
104-305 
221 

Range 
Av 

Fe:Zn 
4.9-11 
7.4 

6.1-15 
12.3 

symptoms (necrotic spots along the edges of the 
leaf blades), while IR28222-9-2-2-2 was rated 4, 
confirming previous observations that visual 
symptoms make a poor criterion for reaction to B 
toxicity stress. 

AlUMINUM TOXICITY 

Plat Phvsiolgy Department 

Screening of upland rice cultivars. Ninety-six 
upland rice cultivars from the Plant Breeding 
Depantment were screened for Al toxicity tolerance 
in the glasshouse of the phytotron at 29/21 'C. The 
cultivars were from Bangladesh, Brazil, Bhutan, 
Colombia, Ivory Coast, Philippines, Japan, and 
Taiwan, Chin-. Most had been identified as either 
blast (BI) resistant or tolerant as well as tolerant of 
low pH. The screening technique used 2-wk-old 
rice seedlings grown in nutrient solution with 0 and 
30 ppm Al. The maximum root length and relative 
root length (RRL) were the indices of tolerance. 
Maximum root length at 30 ppm Al ranged from 
6.8 to 16.23, while RI.. varied from 0.67 to 1.10. 
IAC3 was the tolerant check and IR45 the sus
ceptible check. CN A4130 and CN A5166, Brazilian 

culti,ars with tolerance for BI and low pH, 

responded best to Al stress. Among the 20 upland 
IR lines tested, 16 were tolerant. IR417686-11-2-B 

showed the highest tolerance for Al. 

MtJ[.TIIIP STRESSES 

Soils, Plant Breeding, and Plant Physiology Depart
ments and IternationalRice Testing Program 

Mass screening and yield trials for peat soil 
problems (Soils). On a peat soil in Calauan, 
Laguna (pH 6.2, OC 19%), 126 entries from elite 
breeding lines were tested. Six were outstanding: 
IR36, IR21567-9-2-2-2- 1,1R32809-26-33, IR33059
26-2-2, IR34686-179-1-2-l, and IR37873-6-2-3-3
3-1.
 

In fertilized (50-25-50 NPK) 3- X5-m plots in a 
farmer's field adjacent to the mass screening trials 

in Calauan, 17 selected rices were tested for yield 
during DS and WS. Scores for tolerance for peat
soil problems based on general appearance ranged 
from 4 to 7. The stress was severe in DS. Maturity 
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was delayed, resulting in zero yield. However, a
significant correlation between plant rating and 
grain yield was obtained. Average grain yields were 
the same during both seasons (1.8 and 1.9 t/ha).
The tolerance of IR65 and IR8192-31 for the 
growth-limiting factors in organic soils was con-
firmed by their yields of 2.5 t,ha. 

Mass screening and yield trial for acid upland 
soils (Soils, Plant Breeding, and hIternationalRiceTesting Program). Under acid upland conditions 
in a fc.,fier's field in Bagacay, San Dionisio, Iloilo,
841 rices were screened in WS. The'soils (pH 4.2-
4.9, 6 ppm available Olsen P) have low cation 
exchange capacity (4-6 meqi 100 g)and high Al 
saturation. Of the rices, 152 were also tested at 
Banate, Iloilo, which has similar soil conditions but 
a different rainfall pattern. The rices included 152 
entries from the International Rice Testing
Program (IRTP), 217 entries from the Plant 
Breeding Department, and 472 entries from the 
International Rice Germplasm Center and the 
Multiple Cropping Department (MCD). The
promising entries that had a score of 5 or better are 
listed here: 

China 988 IR47686-25-3-1 
CR237-61 IR47686-30-4-2 
CR3I4-5-10 IR47686-314-1 
[AC1246 IR476864761IR12979-24-3-4 1R476864-5-B-I 
IR25588-7-3-1 IR47686-5-10-B 

IR26957-45-
 lR47686-9-2-B 

IR29416-B-B--6-5-8 
 IR47691-48-2-1
IR30696-B-2-B-1-7-2 1R47691-49-2-1 
IR30696-B-2-B-1-7.4 IR47698-33-4-1 

IR3071I6-B-5-B- 1-2-3 
 IR47698-44-1IIR30716-B-5-B-8-2-1 
 1R47699-27-2-1
IR30718-B-3--1JO-I-I-I IR47699-29.6-B 
IR30718-B-3-B-7-3-18 IR5931-113-1 

IR30731-B-2-B-5-10-1 
 IR65IR30731-B4-B-64 IR9256-59 

IR30870-B-7-B-4-3-1 IR9761-19-1

IR30870-B-8-B-3-1-2 
 IR9764-45-2-2 
IR30870-B-8-B-3-3-1 
 IRAT09
IR31851-63-1-2-3-2 IRATI 16 
IR34450-B-B-5-3-2 
 IRATI33
IR38550-B-B-B-4 ITA212 

IR38570-B-B-B-4 
 ITA233 
IR40449-B-B-4 K2B22
IR43 Kinandang Patong 

IR47686-12-5-1 
 KutiamIR47686-13-1-1IR47686-3--1 Mahsuri

-1 
 NDRI 2
IR47686-13-2-1 12056-F459-2
IR47686-17-I-B TX502-2-SLR2-LS3-BI 

IR47686-23-3-1 
 Triveni
IR47686-23-4-1 UPLRi-7 

The main mineral stresses in acid upland soils 
are Al and Mn toxicities and P deficiency. To 
observe varietal reactions to those stresses, 12 rices 
were grown during DS on acid aerobic soil in
Luisiana, Laguna (pH 4.8, total N 0.241%, OC 
2.17%). To observe the distinct manifestations of 
stress symptoms, plots where another set of the 
same rices was tested were acidified to pH 3.9 with 
flowers of sulfur. 

Heavy bird damage did not allow grain yield
comparisons, but plant observations showed 
marked varietal differences in reaction to acid 
upland conditions. At pH 3.9, Aus 454 had the best 
growth, without any stress symptoms, while 
UPLRi-7 was rated least tolerant. All entries were 
given a rating of 3at pH 4.8. At pH 3.9, symptoms
of N deficiency were not observed. Depressing the 
pH apparently allowed for better N availability. 

Earlier varietal tests on acid upland soils showed 
thatjaponica rices are good sources oftolerance for
 
the adverse conditions of acid upland soils. During
DS, the performance of 39 entries was tested in
Cavinti, Laguna (p H 4.1, total N 0.29%, available 
P 1.21 mg/kg, exchangeable Al 345 mg/kg), to 
confirm the superiority of japonica over othergroups in terms of adaptation to acid upland soilwith and without 40 kg P/ha. Symptoms of mild 

SmtmMn toxicity were observed regardless of P addition.Most of the entries suffered from P deficiency 
symptoms on the n,,-P plots. Forty-six percent ofthe entries were P responsive (Table 7).Considered P efficient were varieties that grewwell without P fertilization-including IRATI40, 

UPLRi-5, Kinandang Patong, and GS529-whilethe poorest performers or the least P-efficient
entries were CNA420 and Chianan 8. Varieties
 

that responded best to 
 P fertilization were thejaponicas, CNA4136,and Aus 196.
 
Taponias pNAformand Au s96.The yield performance of 72 rices was tested in
acid upland soils. Thirty-six of the entries from
 

IRTP (18 from the International Upland RiceYield Nursery [IURYN]-Early maturitygroup and18 from the IURYN-Medium maturity group)were evaluated at 2 sites-Bagacay, San Dionisio,and Fuentes, Banate, loilo-in adjacent farmers' 

fields with soil conditions similar to those used in 
mass screening. The remaining 36 entries fromMCD were tested at only one site in Banate.

Plant height, number of panicles per squaremeter, grain yield per plot, and scores for vegetative 
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vigor, drought tolerance, lodging, and phenotypic 
acceptability including diseases and pests were 
used in evaluating the relative performance of the 
varieties. 

A mean grain yield of 1.0 t/ha was obtained 
from the evaluation of 72 rices. The highest yielders 
with an identical yield of 1.3 t, ha were NDRI02 
and 1R9761-19-l, followed by the IRTP entries 
CR222-MWI0, IRi0198-66-2, and N22. 

Twelve of 36 entries produced grain yields 
>1.0 t/ha and showed consistent performance at 
both sites: B36236-TB-49, IR593 I-11-3-1, NDR97, 
and TNAU of the medium maturity group; and 
CR222-MWIO, HPU741, IRAT110, IR10198-66-
2, 1R25588-7-3-1, IR9761-19-1, NDR102, and 
NDR84 of the early maturity group. Kutiam, 
RAU4008-4, N22, and CR164-5 also gave com-
parable results, but at only one site- - the first two at 
Bagacay and the latter two at Banate. 

The highest producer in the MCD group of 
entries was Aus 257 (1.2 t/ ha), followed by 
IR30716-B-I-B-I -2, IR 12979-24-1-6, IR30716-B-
2-B-9- 1,1R3880-2-3, IR30716-B- 1-B- 1-6, BPI 319-
I, and BR319-1. 

Mass screening and yield trial for inland iron-
toxic and phosphorus-deficient soils (SoilsRPlant 
Breeding, and International Rice Testing 
Program). In an inland Fe-toxic soil (pH 3.84.2, 
available P 3.6-4.2 mg/kg, exchangeable K 0.02 
meq/ 100 g, OC <1%, active Fe 2.3%), 644 rices 
were evalaated for their performance in San 
Dionisio, Iloilo, in WS. The test rices were obtained 
from IRTP (282 entries) and the Plant Breeding 
Department (362 entries). About 120 selected 
varieties that are known to be P-efficient and 
tolerantt t of Fe toxicityt ta were further evaluated in 
DS. 

Table 7. Performance of selected rices on an acid upland
soil. IRRI, 1987. 

Entries Entries notRices responsive responsive
to P (no.) to P (no.)
to__P_(no.)_toP_(no,)_ 

Japonicas 11 13 
Indicas 6 5 
Aus varieties 1 2 

Promising varieties that showed tolerance for 
those conditions are listed here: 

B2791-MR-196-2-3-3-5 IR31361-8-3-2-2 
B299211-T3-73-4-2-3-3-3-2 IR31375-5-2-1-1 
B3016c-TB-263-3-2-1-1-3 IR31429-20-2-3 
B301 C-T3-263-3-5 IR31432-8-3-2B3623G-TB-46 IR32329-5-2-2 
B3623G-TIB-49 IR33043-46-1-3 
B3662E-T3-5-4-4 IR33059-26-2-2 
B3662F-TB- 14-2 IR33353-64-1-2-1 
BH2 IR33380-60-1-2-2 
BKNFRIO94-56-1-1-1 I IR34686-179-1-2-3BRII IR35353-94-2-1-3 
BR1I1347-1-2-1-2 IR35361-59-3-3-2 
BR51-120-2 IR37250-44-2-1-1-I-2-2 
BR51-291-3-22 IR37255-12-1-3-3 
BR51-46-6-HR54 IR37256-31-3-1-2 
BR51-49-6-HR63 IR37260-6-1-1-4-3-2BRBI -448-1.4 1R37263-6-1-3-3-1-1 
BRBII-461-1 IR37263-6-1-3-3-1-2 
BRBI6-127-4-2 IR37721-130-2-1-3 
BRCI6-127-4-1 IR39506-57-5-3-1-3 
BW297-2 IR39537-19-3-3-2-2-1 
Cablak IR39558-17-3-2-2-3Djambaram IR42 
Gaw Diaw Bow IR54743-8-11-20 
IR13149-3-2-2 IR54745-2-23-19 
IR13610-72-2-2E-P2 IR5785-188-2-1 
IR17491-5-4-3-3-PI IR9217-58-2-2 
IR9661-13-3-2IR21064-48-2-IE-P IR9217-6-2-2-2-3ITA239
 
IR2117843-1-2-2 KK06-O-10
 
1R21188-87-3-3-2-2 KK12-18-3-5
 
1721567-16-2-2 Kuatik Putih
 
IR21567-9-2-2-2-3-1-3 Leuang Yai 148
 
IR21573-2-1-2-2-2 MahsuriIR28485-3-2-2 Nhigue
 
IR22082-41-2 RD21
 
IR25587-133-3-2-2-2 RP975-102-2
 
IR26474-246-1-1 Satrijo
 
IR26717-1-1-2-1-1 S-4
 
IR26724-246-1-1 TCA80-41R28228-12-3-I-I Tilak Chauri
 
IR2863-35-3-3 Torompassc
 

IR29385-2-30-3 T'Chorno
 
IR29723-67-2-2-3 Untup
 
IR3116-34-1-2
 

Eighty-nine varieties performed well, with a score 
of 4 or better, an average 14 tillers/hill, and less 
than 15% unf lled grains. Mahsuri consistentlycnitnl 
performed better than the other varieties.

One hundred forty-two promising rices and 50 
entries from the International Rice Yield Nurserywere tested for their yield performance in inland 
Fe-toxic soils in a farmer's field adjacent to the 
mass screening site in San Dionisio, Iloilo. Varieties 
that produced --2 t/ha grain yield and scored less 
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than 4 for phenotypic acceptability, including 
disease and pest tolerance, were selected for 
agronomic and soil management studies. 
Some of the highest yielding varieties were BR4-


9-16-3-1, IR31787-16-1-2-3-2, 1R32429-47-3-2-2, 
IR39357-133-3-2-2-2, IR39385-124-3-3-2-3, and 
IR39422-19-3-3-3-3 in the very early maturity 
group (90 d). Inthe early maturity group (110 d),groupsig de I(spromising varieties were Chianung san yu 26, 
C662083, DR33, IR1346, 1R13240-108-2-2-3, 
IR 13524-21-2-3-3-2-2, MTU5410-14, SPRLR76012-
26-I - I,S287B-39-1-3, and IR24632-145-2-2-3. 

Mass screening and yield trial for saline and acid 
sulfate soil conditions (Soils, Plant Breeding, and 
International Rice Testing Program). A total of 
853 rices were evaluated in farmers' fields at 3 Iloilo 
sites: Santo Rosario, Pili, and Lanjagan. The test 
material was obtained from the Plant Breeding 
Department (559 entries) and IRTP (294 entries). 
The former included 125 advanced lines, 63 
traditional varieties, 2 hybrid lines, 22 varieties 
from West Africa, 27 bulu varieties, and 320 anther 
culture lines. The IRTP material was entries from 
IRSATON, the International Tide-Proii Rice 
Observational Nursery, International Rainfed Rice 
Shallow Water Observational Nursery, and acid 
lowland screening sets. Bulus, traditional varieties, 
and advanced lines were tested at two sites only. 

The soils (p H 3.6-3.9, available P 4.0-5.0 mg/kg, 
active Fe 1.2-1.8%, exchangeable Al 120-160 
mg/kg, acetate soluble SO4- 0.2-0.4%) were 
strongly saline because of tidal influence and had 
acid sulfate conditions. The salinity ranged from 5 
to 23 dS/m, being higher in months with less 
rainfall and in DS. During July, September, and 
October, these fields were also affected by floods, 
in which case the plants remained submerged for 
2-5 d. The longest submergnice was in Santo 
Rosario, which became ilooded at 2 d after 
transplanting. 

Mahsuri performed best at all sites. Untup, 
Nona Bokra, Malama, and Osok gave comparable 
results. The other promising entries in at least two 
of the three sites were 

AT69-5 IR37260-6-1-1-1-6-1 
B2791B-MR-257-3-2KP2 1R37260-6-1-1-4-3-2 
B36236-TB-49 IR37263-6-1-3-3-1-1 
B5316-12D-MR-4-2 iR37263-6-1-3-3-I-2
Banih Kuning IR38851-33-3-3-2-2-3 
BRII IR38853-4-3-2-2-3 

BR4 IR40578-13-2-2-3-2-2 
BR5I-49-6-HR-54 IR40692-21-2-1-3-3-3 
BR51-49-6-HR-63 IR42 
BRB20-3B-17 IR44504-36-2-3-3BW272-2 IR44504-..3- 1-2 
BW272-8 IR44582-71-2-2-2 
BW295-5 IR44706-21-1 
Cablak IR4595-4-1-13 
('N505-5-3-1 IR4630-22-2-5-1-3
R10206-29-2-I IR51500-AC-944-1

1RI3365-253-3-2 IR51500-AC-944-2 
IR1529-680-3-2 IR51500-AC-944-3 
IR15810-260-1-3-1-3 IR51500-AC-944-4 
IR19661-30-1-2-3-2 IR51500-AC-944-5 
IR 19725-1-2-2 IR51500-AC-95 1-9
IR20925-33-3- I-1-2-8 IR51500-AC-952-31R2106448-2 IR51500-AC-952-5 
IR21820-154-3-2-2-3 IR51500-AC-953-2
 
IR21848-65-3-2-2 IR51500-AC-954-23
 
IR26724-246-1-1 IR51500-AC-954-7
 
IR28150-84-3-3-3-2 IRSI500-AC-954-9
IR28228-119-2-3-1-1 IR51500-AC-956-16IR2863-35-3-3 IR51500-AC-957 16 
IR28905-3-1-O-0 IR51500-AC-957-22 
IR29385-2-30-3 IR51500-AC-957-23 
IR31375-3-3-1-1 IR51500-AC-958-1 I 
IR3262-3-9-4-5 IR51500-AC-958.7 
113351-38-3-1 IR5785-118-2-1 
IR35666-62-I-I- I IR8236-B-B.-57-2-IIR37255-12-1-3-3 RTNI5:2-1-1-1 
IR37255-21-3-2-1 SR26-B
 
IR37255-21-3-3-2 Torompasse
 
IR37256-31-3-3-2 T'Chorno
 
IR37257-41-3-2-3
 

The yield performance of 122 lines was evaluated 
in a farmer's field with moderately saline-acid 
sulfate conditions in 1.anjagan. Before trans
planting, the field was flushed 3 times with fresh 
water, with 8-10 h ofdrying between flushings. Soil 
pH after flushing and throughout the growth 
period was 4.8-5.2, and salinity ranged from 6 to II 
dS/m.
 

All varieties were scored at flowering for 
phenotypic acceptability, and their plant height, 
tiller count, and grain yield were measured at 
harvest (plot size of 10 M2). 

Of 122 test lines, only 25 (20.5%) produced a 
grain yield of I t/ha or more. Of these, 4.9% yielded 
up to 1.3 t/ha, 7.4% up to 1.5 t/ha, 4.1% up to 
1.8 t/ha, 3.3% up to 2.0 t/ha, and 0.8% up to 
2.3 t/ha. B4259-48-13, Mat Candu, IR28526-44-1
1,CR213-002, and B4259-48-1--3 were the
 

highest yielders, with a grain yield of more than 
1.8 t/ha. 
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Varietal screening for coastal saline soils (Plant 
Breeding). We used two coastal saline locations in 
the F.,lippines--Santo Tomas and Castuli in 
Pampanga Province- -to test and select advanced 
breeding lines and varieties. The soil in Santo 
Tomas isslightly acidic. Salinity stress ishigher in 
Castuli. Both sites are subjected to flash floods 
during the early palt ofthe WS and drought during 
later stages. 

All tests were done with Cheriviruppu, Nona 
Bokra, and Pukkali as tolerant checks and IR28 as 
the susceptible check. Improved salt-tolerant types 
IR4595-4-1-13, IR9764-45-2-2, and IR9884-54-3 
were used as selection guides. 

Among the 100 IR advanced breeding lines 
tested, 42 were found to be tolerant of soil and 
climatic stresses prevailing at these sites. After 
evaluation for agronomic traits during the repro-
ductive phase, the following were selected for 
nomination to IRTP hot-spot screening tests: 
IR29137-16-1-6, IR31361-8-3-2-2, IR31363-1-1-3-
3-2-1, 1R31375-3-3-1-1, 1R31376-1-2-I-1, 1R37255-
21-3-3-2, and 1R37260-6-1-1-1-6-1. 

P efficiency being an important trait that 
contributes to adverse soils tolerance, we screened 
60 upland varieties and breeding lines and 24 bulu 
varieties in Santo Tomas and Castuli. In addition 
to salt-tolerant and -susceptible checks, Mahsuri 
was included as a P-efficient check. In Santo 
Tomas, 10 upland breeding lines performed well, 
expressing some salt tolerance. Others died about 3 
wk after planting because of salinity. Mahsuri was 
acceptable. In Castuli, all except Mahsuri died I 
wk after planting, probably because of very high 
salinity. Among the bulus, eight-Bulu Dalam, 

2

Cicih Kapok, Gedangan Tjoklat, Gendjah Bulu, 
Ketan Banteng, Ketan Lumbu, Malama, and 
Untup-performed as well as Mahsuri and the 
other tolerant checks. In fact, when salinity 
increased to about 20 dS/m at the end of the 
season, they were still flowering, but they survived. 
Tney were selected for improvement of agronomic 
characters by breeding. 

Varietal differences in tolerance for acid sulfate 
soils (Plant Ph'sioh)gy). Two disorders in rice 
plants grown under acid sulfate soils (topsoil from 
Albay, Philippines) were observed. The first 
appeared just after transplanting as discoloration 
and drying of leaves and, in severe cases, seedling 
death. The second disorder was very poor plant 
growth at early growth stages. 

The first disorder can be attributed to Fe toxicity 
due to high concentration of Fe2+ inthe soil 
solution, with the cri'cal point at about 500 
mg/liter (Fig. 6). It was not affected by high 
amounts of acetate buffer (I M, pH 3.0)-extractable 
Fe2 in the soil. The concentration of Fe2+ in the 
soil solution increases after flooding and sub
sequently decreases with time (Fig. 6). 

Varietal differences in tolerance for the first 
disorder were observed. Seedlings of tolerant 
varieties were characterized by a higher ratio of 
shoot dry weight to plant height, dry weight ratio 
of root to shoot, and vigorous roots (number, dry 
weight, and root activity) (Table 8). The disorder 
can be minimized by using seedlings with nursery 
soil still attached to the roots. 

The second disorder, resulting in growth retarda
tion, seemed to be caused mainly by Pdeficiency 
and Fe toxicity; it was observed at tillering. 

Fe+concentrr.on insol solution (mg/iter) Fresh weight of green shoot (mg) Soil pH
1500 

60.3-
1000 1 

500
012
 

Olt _ I_ I IO /- 0 1I I 
 I 1 

0 2 4 6 8 10 12 14 0 4 6 8 10 12 14 0 2 4 6 8 10 12 14 
Duration (wk) of submergence before tronsplonting 

6. Effect ol duration of submergence in acid sulfate soil (Baiza topsoil) on growth of IR64, concentration of Fe2' in soil solution, and 
soil pH. IRRI, 1987. 

http:Fe+concentrr.on
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aTable 8. Correlation coefficients between the f.rst disorder and characteristics of seedling. IRRI, 1987. 

Seedling characteristic 

Shoot height 

Shoot dry weight 

Shoot dry weight:shoot height 

Number of roots 

Root dry weight 

Root dry weight: shoot dry weight 

Root activity (mg of a-naphthylamine oxidized/g 


of dry weight of root per h)
Root activity (mg of a.naphthylamine oxidized/seedling per h) 

aWT = week after transplanting. 

Table 9. Correlation coefficients between dry weight of 

plants grown in 2 soils at 1 mo after transplanting and 

characteristics of seedlings. IRRI, 198,'.
 

Seedling characteristic Shoot dry weight

Balza soil Maahas soil 


Shoot dry weight in Maahas soil 0.6389* -


Seedling 

Shoot height 
 0.54181 0.6782**
Shoot dry weight 0.7185" 0.7257** 
Shoot dry weight:-hoot height 0.2647 0.0285 
Number of roots 0.4628 0.1044 

Root dry weight 0.2934 0.1603 

Root dry weight:shoot -0.2075 0.3699 


dry weight
 

Dry weight (g/plont) 

053 

o 

04 15 

70 

03 6 13 r=08096' 

00004702+0 5347Xy14=00472+05347 
o11 
4 


Oo i L i 

0 04 05 06 07 08


Pin shoot (mg/plont) 

7. Relationship bctwccn amount of P in plant and dry wcight of 
plantat I inaher transplanting, IRRI, 1987. I = KhaoSetha, 2 
= K )M I. 1(15, 3 = Maha D)everedere, 4= Mahsuri, 5= Patnai 
23. 6 = Siam Halus, 7 = IR976445-2-2, 8 = IR8 192-200-3-3-1
1.9= IR64, 10 = IR54, 11= IR52, 12= IR46. 13= 1R45, 14= 
IR42. 15 = IR36. 

Plant condition in Balza soil (1 WT)a 

Seedling survival Mean dry weight of 
percentage green leaf blade 

-0.1788 -0.2013 
0.5073 0.5126 
0.5734" 0.6151 
0.6924* 0.7124"* 
0.641i3 * 0.6268 * 
0.5448* 0.5104 
0.5657" 0.5461 * 

0.6175" 0.5871 * 

Table 10. Tolerance of some lines and varieties for multi. 
pIe stresses. IRRI, 1987. 

Variety or line Tolerance for 

Flooded conditjns
IR9764-45 	 P deficiency, Zn deficiency, salinity,

alkalinity, salinityalkalinity, 
B toxicity 

IR28224-3 Pdeficiency, Zn deficiency, salinity, 
alkalinity, salinity-alkalinity, 
B toxicity, peat soil 

IR28150-84 Zn deficiency, salinity, salinity
alkalinity, peat soil 

Upland conditions 
UPLRi-7 Acid, calcareous
 
IR50 Acid, calcareous
 

Varietal differences in tolerance for this disorder 
were likewise noted. Seedlings of tolerant varieties 
were characterized by bigger seedlings (dry weight 
and plant height) and more vigorous plant growthin normal soil (Table 9). These plants possessed 

better P absorption ability (Fig. 7)but not higher P 
content (dry weight basis) in the shoots 
(r-0.3809).

The trend in varietal differences in the first 
disorder is not related to that in the second disorder
(r= 0.4173), and the disorders can be reduced by 
using good seedlings through appropriate nurserypractices. 

Multiple chemical stresses (Soils). In outdoor 
concrete tanks at IRRI, the tolerance of several
lines for multiple chemical stresses was confirmed
by their general appearance and grain yield (Table 

10). These lines 	 and varieties show promise as
substitutes for costly and repeated amendments. 
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SCREF NING FOR StUBM F RGENCF TOLERANCE. 

Plant Physiology Departnnt 

In concrete tanks in the greenhouse, 21,495 
entries including 1,519 entries from the germ-
plasm bank (GB) and 16,764 entries from the 
pedigree nurseries for rainfed lowland, medium 
deep rainfed lowland, drought-prone rainfed 
lowland, ahd deepwater rice- were screened for 
submergence tolerance. Among GB entries, 
Adalat, Jagar, Kusunkatiki, and Tanki were 
outstanding after retesting under more severe 
conditions. 

Progenies of FRI3A generated from tissue 
culture at Murdoch University in Western 
Australia were tested, 50% of the 46 entries were 
superior to FRI3A. 

SCREENING FOR ELONGATION ABILITY 

Plant Physiology Department 

A total of 308 entries from the International Rice 
Deepwater Observational Nursery, the Inter-
national Floating Rice Observational Nursery 
(IFRON), and the International Tide-Prone Rice 
Observational Nursery were screened for elonga-
tion ability. Hybridization block and GEU elite 
lines were also screened for elongation ability. 
BR222-8-191-3-2, BR523-168-2, DWC-8-283, and 
Khama49/8-x-12, all from IF- ON, were the most 
outstanding entries. 

SCREENING FOR I)EFPWATFR TOLERANCE 

Soils and Plant Breeding Departments 

Mass screening. In Tamisaac, Concepcion, Iloilo, 
408 rices were tested for elongation ability and 
deepwater tolerance in farmers' fields. iie rices 
were sown in furrows spaced at 30 cm in dry soil 
conditions before the onset of rains. After germina-
tion, the water depth in the field was gradually 
increased to 75 cm over 1.5 mo and maintained at 
this level throughout the growing period. But 
because of heavy .ains at 25 d after seeding (DAS), 
40 DAS, and 67 DAS, the water level exceeded 
1.2 m. During these periods, the taller varieties 
were submerged for 5-9 d and the shorter ones for 
longer. 

Nine of the entries were outstanding. They had a 

plant height of about 1.0 m or more and a flood 
tolerance score of 4 or betfer, and they produced 
considerable yields despite submergence (Table 1). 

Observational trial. Also in Tamisaac, under 
hydrological conditions similar to those for mass 
screening, 30 rice varieties were evaluated for 
tolerance for deepwater conditions in an adjacent 
farmer's field. This trial also faced similar flood 
conditions as the nearby mass screening plots. 

Those with plant height of more than 1.0 m, tiller 
count 20/hill, and a score of 5 or better included 
IR33225-21-3-1-3, BE-3, 1R33352-59-3-1-3, 
IR31375-5-2-1-3, RP975-109-2, 1R33380-31-3-3-3, 
and lR38699-21-2-2-1. In this group, lR33380-31
3-3-3 and RP975-109-2 produced the highest grain 
yield of 5.1 t/ha. 

Medium deepwater yield trial. The yield per
formance of 36 rice varieties that had been 
identified as promising was evaluated in a farmer's 
field in Tamisaac, Iloilo. Plant height, tiller count 
per hill. submergence tolerance score, and grain 
yield were considered. 

A mean yield of about 1.2 t/ha was obtained. 
Only 4 varieties--BRI I, IR33380-31-1-1-3, 
IR33238-25-2-3-2, and B4259-39-2-3--produced a 
grain yield >1.5 t/ha. A grain yield of 1.0-1.5 t/ha 
was prod uced by IR33380-60-1-2-2, IR13149-71-3
2-3, IR21567-9-2-2-2-1, 1R21531-2-2-2-1-3-3-1, 
IR19319-5-3-3-2-1, and IR26760-76-2-1-2-3. All 
these varieties had a plant height 100 cm and a 
tiller count >20/hill. 

CHANGES IN ('ELL LENGTH AND NUMBER 

Plant Physiology Department 

Deepwater rices (DWRs) are different from 
modern rices in having a long vegetative phase. 
During this period, the internodes (I) formed (113 
to 15) generally elongate. This elongation is the 
result of increases in both cell length and cell 
number. 

Stuoies were conducted to determine whether 
cell number or cell length is the main contributing 
factor in the internode elongation of Habiganj 
Aman VIII (HBJ VIII), a DWR known for 
internode elongation ability even in shallow water. 

Counting from the top, internode elongation in 
HBJ VIII was evident in internode 12 (112) and 
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Table 1. Plant height, flood tolerance scores, and grain lowest internode to 17. The peduncular internode
yield of 9 deepwater-tolerant rices. Tamisaac, ',oilo,Philippines, 1986. had the most cells.h d t l o t c l sBased on 113, which is the lowest unelongated 

Plant Grain internode. the relative values of cell length and cellVariety or line heit yieldTscore number in the increasing internode length are 
(cm) s(t/ha) 

shown in Figure 1. Increase in cell number ismoreHTFR78010-6-502-1-1-3-2 98 4 1.4 important than increase in cell length in accounting
BKNFR81023-9-1-4.4 150 4 1.4 for increasing internode length.
BKNFR81023.9-1-2-1 125 3 1.7
 
BKN FR81023-9-2.3-1 125 
 4 1.6 Although obtained from only one cultivar, theseIR31343.62-3-2-1-1.3.1 95 4 1.5 findings indicate the importance of intercalary
IR33284-4-502.1-2.1-2.1 125 4 1.3 meristem induction or promotion in internode 
IR35710-5.-1.3-1-3 115 4 1.4IR38/89-151-3 112 4 1.2 elongation. This explains differences in growthKlip Maek Nak 160 4 1.2 response to endogenous growth regulators, de

pending on their ability to induce intercalary 
meristem or limited cell elongation. 

Table 2. Internode length, cell length, and cell number in
 
the longitudinal section of each internode of Habiganj

Aman VIII under irrigated conditions.a IRRI, 1987. INHERITANCE OF PLANT AND INTERNODE
 

EI.ONGA] ION ABI.IITY
 
Internode Internode Average

position length cell lengthb Cell number 
 Plant Breeditng Deparinen 
from top (cml (am) 

We investigated crosses involving floating, modern29.24 88.8 bc 2185 b1c 

variety (NIV) elongating, and MV nonelongating 
3 16.7 77.5 abc 2155 b parents. The Fl, F,, BCiPhand BCl P2,along with4 19.5 111.0 c 1757 bc their parents, were space-seeded, and 5-wk-old 
5 16.2 69.8 adb 1929 b populations were subjected to abrupt flooding of 
7 12.7 58.1 de 2186 b I m for I wk. Plant height was recorded before and8 8.5 60.6 de 1403 c after submergence, along with internode length.
9 6.8 40.2 ef 1700 c 

10 6.0 55.6 de 1084 d 
11 3.51 49.8 ef 705 e
12 1.80 38.6 ef 466 f Relative value 
13 0.441 26.0 eg 170 g
14 0.225 21.7 g 157 9 
15 0.225 20.4 g 110 h 60
20 0.114 21.5 g 53 i 

aThe parenchymatous cells were measured in the third Internode length 
cell aye- from the outermost cells of a vascular bundle in
 
the pith. bThe average of the top, middle, and base of 
 40
each internode except internode 1 (4 parts) and inter
nodes 13.20 (only middle part). CPeduncular internode. 

elCellnumber., 
20

progressively increased up to 15 during the
vegetative phase (Table 2). The last four inter- Cell 1length
nodes-1l1, 12. 13, and 14--generally elongated 0 
during the reproductive phase. Fhe last--or 20 14 12 10 8 6 4 2 0
peduncular-- -internode was the longest. Position of internode from topCell length was more or less the same for theelllenthWas dringrlesthe taephase I. Relatie value of cell length, cell number, and internodeelonga:ed inernodes during the vegetative phase in length ineach position. IRRI. 1987. 
HBJ VIII. It was largest in 14, reaching I11.0pm. value of each poition
Cell number progressively increased from the Relative 3thpo sitio n r of 
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Frequency distributions of plant height and uninodal, with one sharp peak before sub
internode length were plotted at 5-cm intervals. nergence. and bimodal after submergence. O1460 

Baishish/1R42. Plat hv,/Ia. The frequency plants, 345 were in the nonelongating category and 
distribution of height in tihe F, of Baisbish IR42 115 in the elongating category, giving a good fit to a 
before submergence was; almost hinod.i0 after 3:! ratio. 
suLbmuergence it had two distinct peaks, sepliatcd it hallc 'ot, Length. Baisbish had 0.5-I cm inter
105 cm (Hig. 2). One hundred forty-four plants in node length in some of its plants before sub
the low height category and 178 tall plants gave i mergence. l)istribution of internode length in tile 
good fit to a 7:9 ratio. The distribution of height in F, of lBaisbish IR42 indicated 3 peaks at 0, 10, and 
B('I Baisbish IR42 Baisbish progenies was 40 cm (Fig. 3). However, the population could be 
clearly unimodal after submergence, and all plants clearly seen ill 30 cii length, having the lowest 
were rated elongating. Thedistribution of height in frequency curve and making the population 
backcross progenies of PBaisbish I R42 ' R42 was bimodal if the 0-30 ctn range of length is grouped 

Frequency
 

60 
0 - - - - Beforesubmergence 

'l  50 -- After submergence50
 

20 

0 k, I I I I I 
10 IR42 , Bomis 

0 - / IRI42 F 

20 

b0 I I I I I I I
IR42 Baisbish 

10 --

100 / 

80 - I 
I 

60- NI % 

/ Boisbssh
 
40 - 1---...
 

IR42 IR42osbsh
 

20 -Bisbish 

0 : I I 1 I I 

40 50 60 70 80 90 100 110 120 130 140 150 160 

Height (cm) 

2. I1etcuen\c dist ihuti ulit hcigtil in ) F,t) Ilai. iI IR42. h)I I , 0 . I R il 1987. Horiiontala d 'l II I1C 

liies Olshuthe ralg il heightlni paents and F plants aholt the meants (solid circles).
 

http:hinod.i0
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Frequency categories, one with height up to 120 cm and the 
50 a second with height 120 cm or higher. This fitted 

well to a 1:3 ratio of nonhelogatiing:elogLt ing. In40 	 tile floating parent, Baishish showedBCI F1 to tile 

normal distributiono0f heigllt after subnmergence
30 and exceeded the parental range both ways. The 

B(IWIl progenies with MV elongating parent 
20 	 IR 11141-6-1-4, on the other hand, were clearly

binodal, separating into 2 equal categories and 
10 IR42 	 b ~~bs fitting well to a I: 1ratio.

10 hIC'rn( h'ni,'i/h. The distribution of internode 
o 
 I length in the F, of' Baisbish/ IR 11141-6-1-4 was

distinctly binmodal (Fig. 5), with the F, range 
2almost coinciding with the Baisbish range. If the 

0-30 cm Length is considered inone category and 
30-80 cm in another, 119 plants in the first and 321 

10 -IR42 Bostish in the second were obtained, conforming to a 1:3 
ratio. The distribution of internode length in the 

0_ backcross to Biaisbish was almost unimodal, but 

with some transgressive segregation beyond
Baisbish. Some segregants like IR 1114 1-6-I4 were 
also obtained. The behavior of BCI progenies with

IV - IR1114 1-6-1-4, however, showed a clearly binmodaldistribution pattern for internode length. The 

20 
lowest frequency was obtained for plants with

Baisbish 30 cm length, which divided the population into 2 
R42 0, categories. Of 178 plants, 82 were in first and 96 in

0 10 20 30 0 60 1 tilesecond category., giving a good fit to0 1ternode 	 thelength (Cm) expected 1:1 ratio.The short sitbinrgence employed for studying3. I'equen distribution ol intcrnodc Icngth I aoI', in IW R showed clearcut genetic
haishish IR42. h)It,P .;d I c IRR I. 1987 lo igatioi iR P.hR',, .lieont;a 
lincshto%%therangeol internodelhenh.it io parentsnd I,plants segregation and in tihe case of crosses between
about the means (solid circles). floating and MV nonelongating parents indicated 

segregation for elongation due to two comple
mentary genes. The crosses between floating andtogether in category one and those with 30 cm and MV elongating parents, however, segregated in a

above in the second category. Out of 322 plants, 3:1 ratio, indicating that the parents differed in I 
149 were in the first and 173 in the second category, locus. 
which provided a good fitto a 7:9 ratio. Back
crossing the F, with Baisbish provided the expected
result: distribution was unimodal, though some YtI.OI) POTINTIAL. OF PROMISING I)IllPWAT-R
plants were devoid of internodes. Internode RICES 
elongation is very much related to plant vigor. In Agrolomtv Department 
backcross progenies with IR42, the distribution of 
internode length was not clear. A field trial to determine the inherent yield

Baisbish/IR I!141-6-1-4. Planmt Iwht.In the F2, potential of some promising DWRs was continued 
distribution of height was unimodal before sub- at IRRI. Eight promising DWRs underwent seed 
mergence, but bimodai after submergence, with increase in dry season (DS) and were transplanted
two clear peaks (Fig. 4). It could be divided into 2 inwet season (WS) in a replicated trial. Fertilizer 

http:internodelhenh.it
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Frequency
 

80 

70 -- I 
e r-.e e 

I t
 
60 %
 

I 

50 %1 

30 -40 I l-@--- I 

30 1.I 
Baisbish 

SIRIII41-6-1-4 
20 

BBbsbsh 

0 / F,

0 l R114-64 -6 -1

0 r I I I i II I I I 1 1 

40 -b 

" 

o I I I


30-

BaBsbist, 
20  1% 41-6-1-4 

, 1R1141-6-1-4I \ %. BoisbishI \30 I " 

4030 10~ 1114--14Bosbsh 

20 

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 

Height (cm) 

4. Frequency distrjhUtill 01' height in a) F, ol Ilaishish IR 11141 -6-I14, h) BC 11 and c) BC P. IR[RI, 1987. 
Hotionial lines show the range ohheight ol parents about the mecans (solid cir-cle's). 

rates were 0 and 58 kg N/ ha as urea supergranules t/ ha. Most of* the rices were affected by tungro
(UJSG). Water in the pond gradually rose to 20 cm virus, hence, grain yields were low (Table 3). 
because of rainfall and seepage between ponds D~ata on tiller number were obtained at 30 DT 
before the water level treatment of' 5 crn/d was until the 100-cm water depth. Generally, tillers 
tmposed at 30 d after transplanting (DT). decreased with increasing water with or without 

No difference between fertilizer treatments was fertilization (Fig. 6). 
obtained. IR28333-10-1-1 yielded highest at 3.3 
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Frequency 	 Tabe 3. Grain yield of some promising deepwater rices.
 
IRRI, 1987 WS.
 

60-	
Deepwdter rice variety or line Grain yield (t/ha) 

50- 1R21038-77-P2-5-2-3-1 1.5 b 

IR26662-196-2-1-1-3-3-2 1.0 bc 

40 IR28333-10-1-1 3.3 a 
IR21071-53-2-2-2-1E-P1 0.5 bc 
IR13260-100-E-P3 0.9 bc 

30 1R11288-B-B-69-1 0.6 bc 
IRBKNFR 76026-3-2-2-2 0.4 c 

0.6 bc20 Boisbish 	 RD19 (check) 

-foliar
o ,M1141-6-1-4 spray of urea solution at 5-7 d before panicle 

0-	 initiation, and deep placement of USG. Water 

40 depth was increased by 5 cm/d starting at 30 DT 
adwas mitieat5and 100cm until harvest. 

30o Medium deepwater. Two photoperiod
insensitive rices were used: IR21037-2-1-2E-P3-6 in 

20 )Sand IR28932-9-3-3-2 in WS. At 29 kg N/ha, 
IRt141-6-1-4 Bo,sbsh IR21037-2-1-2E-P3-6 yielded at most 1.0 t/ha

10 more than the control (Table 4). No yield difference 
o0 I I was observed when N rates increased from 29 to 58 

and 116 kg N Iha. In most cases, yield tended to 
30 decrease with increasing Nlevel because of lodging 
20-	 at high N rates. Foliar spraying of urea solution 

10 IRI141-6-1-4 Baisbish 	 Tillers (no/m2) 

L. 	 400'[ 

0 0 20 30 40 50 60 70 80 58kg N/h
 
Internode length (cm)
 

5. :rCquelicy distrib-it ,:nof internode lengih in a) F, o1 300 - No N______ _
 

Baisbish IR 11141--14, h) IClP,. and c) BC P,. IRRI, 1987. 

Hori/ontal lines show the range of internode Ciigthof parents
 
of F, plants about the means (solid 'ircles). /
 

200 

NII ROGEN FERTILIIZER EFFICIFNCY IN M E[)l (M 
I)EHI.V,'ATER (50-cm)AND I)EWATER I ))-cm) er 
RICES 

0 
Agronolny Departmnent	 

60-

Studies on N fertilizer efficiency in medium 40 

deepwater (maximum depth: 50cm) and deepwater 
(maximum depth: 100 cm) rices continued at the 
IR RI farm . Thret. N sources-- prilled urea (PU), 0 o 	 44 L51 

30 3? 44 51 
sulfur-coated urea (SCU), and USG-- -at 3 N rates zysaftertrasplnting 
(29, 58, and 116 kg N/ha) were applied: 2/3 PU or 6.El:.flctoflwater stress on tillering of deepwater rices. IRRI, 

SCU broadcast and incorporated (B&I) + 1/3 1987 WS. 
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Table 4. Effect of N source, rate, and application method an grain yield (t/ha) of 2 rice cultivars at 50-cm water
IRRI, 1987 DS and WS. 

Treatmenta 

No fertilizer N 

PU, B&I 
2/3 PU B&I + 1/3 foliar spray of urea 

solution at 5-7 DBPI
SCU, B&I 
USG, 10-12cm deep placement 

PU, 0&l 
2/3 PU B&I F 1/3 foliar spray 

of urea solution at 5-7 DBPI
SCU, B&l 
USG, 10-12 cm deep placement 

PU, B&l 

2/3 PU B&I + 1/3 foliar spra,' of urea
solution at 5-7 DBPI 

SCU, B&l 
USG, 10-12 cm deep placement 

aPU = p;'illed urea, SCU = sulfur-coated urea, USG 
before panicle initiation. 

following B&I gave no advantage over a full dose 
B&1. 

In WS, IR28932-9-3-3-2 responded to higher N 
rates. Yield at 29 kg N/ha was almost similar to 

Table 5. Effect of N source, rate, and application method 
on grain yield of IR21038-77.P2.5.2.3-1.1 
water depth. IR!RI, 1987 DS. 

Treatment 

No fertilizer N 

29kg N/ha
PL, B&I 

2/3 PU B&I + 1/3 foliar spray of 


urea solution at 5-7 D8PI
SCU, B&I 
USG, 10-12 cm deep placement 

58 kg N/ha 
PU, B&l 
2/3 PU B&I + 1/3 foilar spray of 

urea solution at 5-7 DBPI
SCU, B&I 
USG, 10-12 cm deep placement 

116 kg N/ha
PU, B&I 
2/3 PU B&I + 1/3 foliar spray of 

urea solution at 5-7 DBPI 
SCU, B&I 

at 100-cm 

Grain yiela (t/ha) 

2.0 h 

2.3 gh
2.4 fgh 

3.6 bc 
2.9 d-g 

3.0 c-f 
2.1 h 

3.1 cde 
4.5 a 

3.9 ab 
3.3 bed 

3.2 cd 

depth. 

Dry season Wet season 
(IR21037-2-1-2E-P3-6) (tR28932-9-3-3-2) 

3.5 def 

29 kg N/ha
4.4 abc 
4.5 ab 

4.3 abc 
4.5 ab 

58 kg N/ha
4.2 abc 
3.9 bcd 

4.8 a 
4.3 abc 

116 kg N/ha
4.5 ab 

.7 cde 
3.0 f 
3.2 ef 

urea supergranules, B&I = 

2.6 d 

2.8 cd 
2.9 bcd 

2.7 cd 
2.8 cd 

4.1 a 
3.3 a-d 

3.6 a-d 
3.9 ab 

3.8 abc 

3.6 a-d 
3.6 a-d 
4.2 a 

broadcast and incorporated, DBPI = days 

that of the unfertilized control, an indication of low 
N use efficiency at this rate. 

Deepwater. Photoperiod-insensitive IR21038
77-P2-5-3-1-1 was used in DS, while 
BKNFR76026-3-2-2-2. a promising photoperiod
sensitive line from Thailand, was used in WS.In DS, deep-placed USG gave the highest yield 

of4.5 t/ha at 58 kg N /ha. IR21038-77-P2-5-3-1-1 
yieldedunfertilizedat most 2.5 t/l more than did thecontrol (Tabie 5). PU gave higher 

yields with increased N rates, while deep-placed 
USG gave lower yields with higher N rates. SCU
B&I gave the highest yield at 29 kg N/ha, USG
deep placement at 58 kg N/ha, and PU at 116 kg 

N/ha. This suggests that in DS, lower rates of N as
SCU and USG were efficiently used. 

In WS, BKNFR76026-3-2-2-2 was damaged by
tungro, and no yield was obtained. 

AAPTATION TRIALS FOR DIFFERENT 
AI EAPCATION AN ESE N GSUIIMI'RGI-NCE COND)ITIONS AND SEEDLING; 

AGES 

Mulfiplk Cropping Deparment 

The use ofphotoperiod-sensitiveaged seedlings of traditionalcultivars is common in 
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Table 6. Properties of soil surface materials in a medium 
deepwater experimental site. Bay, Laguna, Philippinqs, 
1905-86. 

Property Value 

pH 7.2 
Organic C (M) 4.09 
Total N %) 0.38 

Available P (ppm) 36 
Available Zn (ppm) 
Cation exchange capacity 

.01,[ 
49.35 

(rneq/100 (I soil) 
Particle size analysis 

Clay %) 52 
Silt %) 42 
Sand %) 6 

Taxonomic classification: clayey, isohyperthermic, Typic 
Tropaquent
 

medium deepwater areas where supply and level of' 
water are unpredictable. Fifteen rice cultivars of 
varying seedling age sensitivity and photoperiod 
sensitivity were tested in simulated mediurn deep-
water conditions on ant Andaqueptic Haplaquent 
in Bay. Laguna. to determine their reactions to 
submergence conditions and seedling age. Trans
planting was done on the same day at 25 or 55 d 
after seeding (I)AS). Soil properties of the experi
mental site are given in Table 6. 

Three water regimes were applied: WR I 
shallow water with flash flooding (Fig. 7), WR II= 
medium deepwater until flowering with flash 
flooding (Fig. 8), and WR Ii1 ---medium deepwater 
for the duration of the crop cycle with flash 
flooding (Fig. 9). 

The crop experienced 2 d of submergence 4 times 
during the season because of flooding: at 3, I1, 24, 
and 44 DT. In the 25-DAS treatment, the mean 
plant height of the 15 cultivars showed a similar 
increasing trend with time in the 3 water regimes. 
In the 55-DAS treatment, however, except for 
CR1009 and BR593-676-1, there was a 10- to 15-
cm decrease in the initial plant height of the 
cultivars at 40 DT, with little change thereafter 
until maturity. The plant height of CR 1009, unlike 
IR36, was not adversely affected by late trans-
planting in the three water regimes (Figs. 7-9). The 
decrease in height of most cultivars in the 55-DAS 
treatment was due to the death of the longer leaves 
from transplanting shock several days after 
planting. Although the plants retillered, height did 
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Plant height (cm) 
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7.Grwth periods oft15 cultis ars and plant height of 2cuitivar, 

,at0. 40, and 60d after tra nsplanling and at harest in relation to 

water depth under water regime I, I1ay, IagUMa. Philippines. 
1985-86. l)AS days after seeding. 
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8.(irowih periods of 15 cultivars and plant height of 2 cltis.i:s 
at 0, 40. anid 61)dalter transplanting and at harvest in relation to"ater depth under water regime II. Bay. L.aguna, Philippines. 

l9t5-86. 
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not markedly increase because delayed trans
9 ! n Fr doeplanting 	 shortened the time for vegetative growth. 

SLAS 	 dolesOn the average, flowering date was delayed
Seedn 

S_____-______so , about 25 d when cultivars were transplanted at 55 
25 DSDAS 
 in the 3water regimes. However, the delay in 

Plant height (cm) the flowering dates due to late transplanting in each
100[ water regime varied widely among the cultivars, 

80 80 55 DAS	 .... ranging from 9 to 37 d for WR 1,3 to 34 d for WR.
 

60-
R36 	 II, and -7 to 30 d for WR IlI. Generally, the
CRoo9 "cultivars flowered earlier in the shallow water 

40 
t 25DS " conditions (WR 1)than in the two medium 

20 ,R36 deepwater conditions at both seedling ages. 
r I ,There were significant differences in grain yield 

Water depth (cm) of the 15 cultivars at 2 transplanting times in the 3 
80 
 water regimes (Table 7). Generally, grain yield 
60. 	 decreased with seedling age in all water regimes. 
40 	 Significant interaction effects were observed 

between seedling age at transplanting and variety 
20 
 in all water regimes, indicating that reactions to 
o Aug SepI Oct 	 delayed transplanting varied widely among cul-Nov Dec Jn Feb tivars. Yield reduction in early-maturing, 

9.Growth periods of 15 cultivars and plant height of2 cultivars photoperiod-insensitive IR36 was 50-70% com
it0.40,and 60 d after transplanting and at harvest in relation to 
water depth under water regime Ill, Bay. Laguna, Philippines, pared with 0-50% for CRI009 across water 
1985-86. regimes. Short-statured and early-maturing varie-

Table 7. Mean grain yield of 15 cultivars planted at 2 seedling ages under 3 water regimes. a Bay, Laguna, Philippines, 1985
86. 

Grain yield (t/ha) 

Variety or line 25 DAS 55 DAS Grand Rank 
mean 

WR I WR II WR III Mean Rank WR I WR II WR III Mean Rank 

CR1009 5.50' 3.40 4.33 4.41 1 3.87 3.87 1.83 3.19 1 3.80 1 
Wagwag Faire 4.97 4.60 3.37 4.31 2 3.10 2.20 3.47 2.92 2 3.62 2 
IR5 3.60 3.53 2.87 3.33 4 2.83 2.17 1.43 2.14 3 2.74 3 
IR13146-45-2-3 3.67 3.23 2.47 3.12 5 2.43 1.57 1.53 1.84 4 2.48 4 
IR19083-22-2-2 4.07 3.63 2.00 3.50 3 1.90 1.20 0.90 1.33 9 2.42 5 
BR11 3.37 2.77 1.93 2.69 6 1.77 1.67 1.13 1.52 6 2.11 6 
1R 19431-72-2 3.30 2.07 2.33 2.57 7 2.23 1.53 1.07 1.61 5 2.09 7 
IR4829-89-2 3.03 1.50 2.03 2.19 9 1.83 1.80 0.87 1.50 7 1.85 8 
IR46 2.77 1.80 2.53 2.37 8 1.57 1.20 0.73 1.17 11 1.77 9 
BR593-676-1-7-1 2.93 1.83 1.40 2.05 11 1.37 1.33 1.40 1.37 8 1.71 10 
IR4819-77-3-2 2.73 1.37 2.43 2.18 10 1.50 0.97 0.73 i.07 13 1.63 11 
BE3 2.27 1.50 1.47 1.75 13 1.07 1.30 1.43 1.27 10 1.51 12 
IR64 2.17 1.63 1.53 1.78 12 1.47 1.13 0.73 1.11 12 1.45 13 
IR36 2.00 1.03 0.93 1.32 14 0.73 0.53 0.53 0.60 14 0.96 14 
KDML 105 0.43 0.67 0.30 0.47 15 0.37 0.50 0.33 0.40 15 0.44 15 

Mean 3.12 2.30 2.18 1.86 1.53 1.20 
LSD 0.70 1.11 0.70 0.70 1.11 0.70 

aDAS = days after seeding. WR = water regime. 
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ties were unsuitable for medium deepwater con- cr'teria, breeding programs must consider the 
ditions, particularly when transplanted late. medium deepwater environment as unique. There 
Wagwag Faire and CR 1009 consistently performed may be spillover benefits from lines bred in shallow 
well at both transplanting times in the three water water environments, but the more recently devel
regimes. oped outstanding shallow water materials tested 

The results indicate that improved cultivars are do not appear to have strong potential for medium 
required with specific adaptation for the medium deepwater conditions. 
deepwater situation. In establishing selection 
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IRTII ('O1L)TOLERANCE TRIAI.S 

hiternationalRice Testing Program 

Information on cold tolerance was obtained from 
results (received and analyzed in 1987) of 23 trials 
of the 1986 International Rice Cold Tolerance 
Nursery (IRCTN) conducted at 23 locations in 15 
countries. The best performing entries across loca-
tions were JKAU(K)450-126-10, JKAU(K)450-
126-2, Ching shi 15 (Acc. 36852), JKAU(K)450-
172-10, Z-Yah-Tsan (Ace. 04648), Akiyudaka, and 
Suweon 303. 

Ching shi 15 (Ace. 36852) had been given good 
scores for cold tolerance in several earlier tests,
Several entries performed very well at specific
locations. Detailed information on the perfor-
mance of entries appears in the IRTP section of 
this report. 

KORE-A-IRRI COLLABORATIVE PROJECT 
Plat Pli'siologyand Plant Breeding Departments 

Rice cold tolerance screening nursery. A total of 
969 entries were screened in 9-m plots with con-
tinuously flowing cold water. Each entry was 
planted in I column and subjected to a water 

Table 1. Characteristics of entries 
and fertility >80%. Chuncheon, 

Fertility
Variety or line Wl 

HR6441-B-B-11 85 

HR6994-AC2 
 83 
HR7381-AC7 84 

HR7381-AC9 
 87 

Hukuhkari 
 80 
IR20913..60 90 
IR9202-25-1.3 
 81 

Kasalath 82 
SR10248-40-2.5 
 83 

SR 10255-B-57-5 92 
SR10255-B.92-3 83 
SR 11138-20-5 
 89 

SR11144-47.1 89 
SR 11325-24.2 93 
SR 12212-T2 
 81 

SR12212.T4 
 80 

YR6453-ACP127 
 83 

Z-Yah-Tsan 
 89 


in the rice cold tolerance screening nursery with phenotypic acceptability of 1 or 2,
Korea, 1987. 

Days to Culm 
heading length 

(no.) (cm) 

107 71 
129 69 
129 75 
134 77 
110 83 
123 114 
123 111 

122 117 
110 64 

113 72 
112 75 
109 58 

108 63 
114 74 
131 95 

131 95 

122 77 

124 116 


aBy the Standard evaluation system for rice scales. 

temperature gradient of 17 0C at the inlet and 
21-25 'C at the outlet. Resistant and susceptible 
check varieties were placed after every 20 entries.Phenotypic acceptability and fertility at 17 °C 
are the best measure of cold tolerance in this 
nursery. The best entries, with aphenotypic accept
ability score of I and fertility> 80%at 17 'Cwater 
temperature, were SR 12212-T4, HR644 I-B-B-l I,
HR7381-AC7, and Z-Yah-Tsan. These two traits 
have a correlation of 0.70, and cold-tolerant entries 
are easily identified. Other entries with high spike
let fertility and phenotypic acceptability are shown 
in Table I. HR-AC lines were derived from anther 
culture. The good IR lines showed poor leaf color 
and seedling vigor (Table 1) but recovered during
the later stages. This is typical of cold-tolerant 
indica lines. Other traits measured included 
heading duration, culin length, spikelet and panicle 
number, leaf color at early and maximum tillering, 
and panicle exsertion. 

Growth duration ranged from short (107 d) to 
medium (131 d). The short-duration lines have the 
advantage of avoiding low lemperature at thecritical reproductive phase in case of early autumn. 
However, their yield potential is less than that of 
medium- and long-duration lines, as less time isleft 
for tiller development and grain filling. Most of 

Spikelets Panicles Leaf Seedling Panicle(no./ 

panicle) 

109 
89 

151 
104 
95 

124 
105 

165 
81 

86 
80 

119 

132 
93 
114 

101 

126 

145 


(no./ colora vigora exsertiona 
hill) 

13.7 1 2 3 
14.7 1 2 3 
12.3 2 2 3 
11.7 1 2 3 
15.7 1 1 3 
10.0 7 6 3 
13.7 7 
 4 3
 
15.0 5 6 3 
11.7 1 
 2 3
 
11.3 1 2 3 
11.7 1 2 3 
14.7 1 2 3 
10.0 1 2 3
16.0 1 2 3 
14.0 1 2 
 3
 
16.0 1 
 2 3
 
12.7 1 2 
 3
 
12,0 2 
 3 1
 

http:SR12212.T4
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these entries have short culms (<80 cm), although Table 2. Pedigree nursery selection at 20 0Cwater tam
some indica and IR lines have culm length perature. Chuncheon, Korea, 1987. 

>100 cm. In previous yield trials, lines with culm Plants 
length >100 cm showed serious lodging when Entry Designation or cross selected 
planted at N levels >120 kg/ ha. These entries also (no.) 

have high tillering capacity (>10 tillers per hill) and Selections from F2 populations 
spikelets per panicle (80-151), and possibly high CG3 Sasanishiki/Gihobyeo 30 
yield potential. Yield testing for these entries will be CG7 M 101/Sangpungbyeo 30 

CG8 Pungsanbyeo/YR3583-7-3-7-1 30done in the 1988 cropping season. CG12 Pungsanbyeo/B2983B-SR-13-4-1 30
 
This nursery was started in 1978; 10,526 entries CG17 ratsumimochi/Odaebyeo 30
 

have been tested so far. CG22 Pungsanbyeo/HR3784-49-4-1 30
 
Pedigree nursery. The pedigree nursery consisted CG25 Yongmoonbyeo/SR 1207-62-1 30
 

of 2-m plots with continuously flowing water at CG27 Seolagbyeo/No. 11 30
 
CG28 Seolagbyeo/Stejaree 45 30
 

20 °C.Sixty-three F2 populations, 10 F5 lines, and CG29 Seolagbyeo/Hokuriku 109 30
 
35 hybrid crosses were grown. A total of 704 plants CG30 Jinbu ,I/Ching Hsi 15 30
 

and7 bulk populations were selected from the F,, CG32 Sterajee 45/Odaebyeo 30
 
auSR15066 
 104
145 plants from F5 lines, and 30 plants from hybrid SR15069 71
 

crosses. Selected entries are shown in Table 2. SR15070 61
 

Seven F,bulk populations were sampled for SR15071 4
 
SR15111 14


single-seed descent in an experiment to test a SR15112 30 
shuttle breeding mechanism. The use of 20 'C SR15454 30 
water temperature in the pedigree nursery made it SR 15458 30easter tompscuren or coldtolet nes. man" F single-seed descent bulk populationseasier to screen for cold-tolerant lines. Many KIC-6 2yeongsanbyeo/P. 15 Bulk
entries were discarded, and the few selected lines KIC-9 Chucheongbyeo/P. 15 Bulk 
were distributed to research centers. KIC-1O Yongmoonbyeo/Sangpungbyeo Bulk 

Screening for cold tolerance at anthesis. Heading KIC-16 Yeomyeongbyeo/Sangpungbyeo Bulk 
KIC-17 Yeomyeongbyeo/Sangpungbyeo Bulk

is the second stage that is most sensitive to low CG10 Pungsanby.eo/Sangpungbyeo Bulk 
temperatures. The maximum temperature at CG15 Sangpungbyeo/IR920225-1-3 Bulk 
anthesis must be sufficiently high (>20 °C) to Selections from F5 families 
induce pollen shedding. SR 10983 10 

SR11010 25
The 1987 IRCTN entries were grown in pots and SR12764 75 

placed under 19 ± I 'C air temperature for 10 d SR12774 5 
during anthesis. Entries with spikelet fertility SR12777 10SR13128 20 
>60% were Akiyudaka, H231-85, Stejaree 45, and 

Barkat (K78-13). Selections from hybrid crosses 
IR54756A/Suweon 294 5Observational yield trials. Thirty-five entries IR54756A/Iri 361 5 

were grown under normal farmers' field conditions IR54756A/Iri 362 5HR1619A/Suweon 294 5
with 200 kg N/ha. The yields were generally higher HR1619A/Iri 371 5 

HR 1619A/Iri 371 5 
than in the previous year. The highest yield of 8.1 HR1619A/IR9761-19-1R 5 
t/ha was obtained from HR4627-40-3-14, an 
indica/japonica line with high panicle number and 
spikelets per panicle. Entries with yields >7 t/ha 
are shown in Table 3. Correlation analysis of all >daysto heading>fertility>spikeletsper panicle 
entries showed that yield was highly correlated > 1000-grain weight > culm length. 
with harvest index (r=0.90), heading duration Screening for cold tolerance at the seedling 
(r=0.65), spikelets per panicle (r=0.53), panicle stage. The cold tolerance facilities at Chuncheon 
number (r=0.48), and 1000-grain weight (r=0.45). can screen breeding lines at various stages: seedling, 
The standardized coefficients showed the following tillering/ vegetative, meiotic, anthesis. and through
order of importance for higher yield: harvest index out the growth stages. For cold tolerance screening 
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Table 3. Entries with yields >7 t/ha at the observational yield trials. Chuncheon, Korea, 1987. 

Days to Cuim Panicles 
Line heading length (no.d 

(no.) (cm) hill) 

HR462740-3-1-4 118 72 12.6 
IR20913-B-60 120 96 12.2 
SR 10843-68-1-2 125 71 10.7 
SR10635-32-1-B-5 117 66 11.8 
SR 10649-B-299 118 70 12.4 
SR10939-66-3-2-1 123 70 13.2 

at the seedling stage, 15-d-old seedlings (planted in 
trays) were subjected to 12 'C continuously 
flowing water for 10 d. Leaf discoloration scores 
were taken based on the Standard evahation 
s.Vtem.f'orrice(SIS). A total of 562 entries from 10 
IRTP nurseries were tested; 51 entries had high 
tolerance for low temperature at the seedling stage 
(Table 4). 

Salt tolerance for low temperature areas. With 
increasing investments in reclaiming coastal lands 
for rice cultivation, the need for salt-tolerant 
japonica varieties is becoming urgent. Similar 
varieties are also in high demand in the rice-
growing countries of the Middle East. 

Ahigh level of salt tolerance isnot found among 
japonicas and hence has to be obtained from 
indicas. Well-known salt-tolerant indicas such as 
Nona Bokra and Pokkali do not flower under 
temperate conditions because of their sensitivity to
photoperiod and low temperature. Moreover, they
do not possess tolerance for low temperature.
These and the incompatibility barrier between 
indicas andjaponicas are serious constraints to the 
development of salt-tolerant japonica varieties,

As an initial step to a breeding program,
photoperiod-insensitive, salt-tolerant indica types
that can grow and reproduce under Korean condi-
tions were screened at two coastal land research 
stations in Namyang and Ghewa. The nursery
consisted of 50 IR advanced lines and 40 Fl anther
culture derivatives. 

All entries expressed a good level of salt 
tolerance, but, except advanced line IR 10198-66-2 
and three anther culture derivatives of cross
IR51492 (IR4630-22-2-5-1-3/IR5657-33-2), all 
others had a duration very much longer than 
desired. Compared with that in Los Bafios, crop 

Spikelets Fertility 1000-grain Yield Harvest
(no.d weightFeriiy i d ex 

panicle) g{t/ha) index 

140 72 23.6 8.11 0.58
163 60 21.6 7.75 0.52
121 77 28.8 7.46 0.50
125 84 24.7 7.22 0.53
116 70 24.6 7.08 0.55 
91 80 31.5 7.06 0.55 

Table 4. Nurseries tested and number of selected entries 
with cold tolerance at the seedling stage. Chuncheon, 
Korea, 1987. 

Entries Entries 

Year and nursery tested selected 
(no.) (no.) 

1987 IURYN-E 22 1 
1987 LURYN-M 38 6 

IURYN-E 9 119881988 IURYN-M 152 
1987 IURON 138 13 
1988 IURON 00 2 
19871988 IRCTNIRCTN 83 1061 9
1987 Acid Upland 71 4
 
1988 Acid Upland 45 
 3 
aIURYN-E and -M= International Upland Rice Yield 
Nursery-Early and -Medium, IURON = International Up
land Rice Observational Nursery, IRCTN = International 
Rice Cold Tolerance Nursery. 

duration was prolonged by about 6 wk on the 
average. This was possibly due to a lack of cold 
tolerance in the lines tested. With those results,
screening of very short-duration, salt-tolerant 
breeding lines will be continued, and an indica/
japonica hybridization program will be initiated 
with the objective of transferring salt tolerance 
from indicis such as Pokkali and Nona Bokra to 
japonicas. 

SCREENING OF AFRICAN RICE GERMPLASM FOR 
COID TOLERANCE 
Plant Physiology Department 

Low temperature is a problem in many rice
growing areas ofAfrica, especially in the Sahel. To 
identi:'y varieties tolerant of low temperature and 
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adapted to African conditions, screening of the Other African countries. Countries in the Sahel 
African germplasm collection in the International generally have low-temperature problems during
Rice Germplasin Center was started in 1986. The the cropping season. A total of 1,331 entries from 
outstanding varieties can be used directly or as 16 African countries were screened for cold 
donor parents in varietal improvement, tolerance at the seedling stage. Only 4% were 

Initial screening of the 178 accessions from tolerant, 27(/( were modeiately tolerant, and 69% 
Madagascar was reported in 1986. Other African were susceptible. The 56 tolerant entries are shown 
varieties were subsequently screened. in Table 6. Among them, 20 were indicas and 6 

Tanzania. A total o" 65 entries were screened at javanicas: the rest were of an unknown variety
the seedling stage (12 'C water temperature), group. The outstanding entries came from Liberia, 
panicle initiation (PI), and anthesis. Except for Ivory Coast, and Sierra Leone. None of the 230 
ES076 and ES078 (Zira), which received ascore of entries from Senegal had cold tolerance at the
 
3,the entries were susceptible to low temperature at seedling stage.
 
the seedling stage, i.e., the leaves became yellow or The most resistant entries were Wacee, Yetigbi,

the plants died. Baihiway Gbayawgi, and Baihiway Willingi from
 

Several entries were found tolerant at PI and Liberia. They might be useful in the Sahel. 
anthesis (Table 5). Afaa Kilombero 1-196 was the The listed cold-tolerant materials at the seedling 
most tolerant of low temperature at Pl. ES053 stage will be screened further for tolerance at PI 
(Ringa), l.indi Safari, ES018 (Straw), and ES042 and anthesis. 
showed very low sterility 	 at low temperature 
during anthesis. Afaa Kilombero 1-196, ES010
 
(Supa India), and ES059 (Bishore) were out- COLD TOLERANCE IN SOME BULU VARIETIES
 
standing at both stages. 
 Plant Breeding and Plant Physiology Departments 

Most of the traditional varieties grown in low-Table 5. Cold-tolerant varieties from Tanzania at panicle temperature areas of South and Southeast Asia 
initiation oranthesis~a IRRI, 1987. belong to the bulu type. In the Ph!ippines, all 
Accession VarietyL Sterility (%) varieties grown in high altitude ricelands are bulus. 

no. 	 Panicle Anthesis More than 600 bulus have been evaluated for 
initiation agronomic traits at IRRI, and 24 have been 

06479 Gamti 1-34 37 15 selected as desirable types for hybridization. These 
06480 Afaa Mwanza 0-746 57 15 varieties and the commonly grown ones of the 
06481 Afaa Mwanza 1-104 19 78 Philippines were screened for seedling tolerance 
06485 Afaa Kilombero 1-196 10 18 
06491 Lindi Safari 77 6 under controlled conditions. lheir jevel of toler
07533 HR19 	 52 16 ance, rated by SES, is as followv : 
56161 ES003 33 10 IRRlselections: 
56163 ES010 (Supa India) 18 16 
56167 ES018 (Gold) 26 13 Score of 5: Bali Kuning, Binuggon PS417,
56168 ES018 (Straw) 42 8 Barehan, Bulu Dalam, Cicih Gedangin, Cicih 
56173 ES027 (Mbawambili) 50 15 Kapok, Gendjah Bulu, inbu-An, Ketan 
56181 ES040 (Turiani) 23 15 Kapok. GendjaBl, ln Ketan56183 ES042 30 9 Banteng, Ketan Djambon, Ketan Kuwule,
56184 ES043 	 17 38 Ketan Lumbu, Lembajungan, Malama, Osok,
56186 ES044 (Wahi) 60 13 Padang I)jambe (Gundil), Pinikitan, Putih 
56192 
 ES053 (Ringa) - Bihaluk, Radjalele. Sampangan, Satrijo,
56194 ES059 (ishore) 16 13 
56205 ES072 
 15 24 Untup
56208 ES076 	 - 17 Score of 7: Djawa Lurik, Gedangan Tjoklat, Irik 
56210 ES078 (Zira) 19 - " 
56213 ES081 (Shindado) 17 - Philippinevarieties. 
56214 ES082 60 12 Score of 3: Binnugon, Onggon, and Madduli 
a Plants subjected to 17 0C for 5 d at panicle initiation or Score of 5: Donnal, Innawis, Onggon (brown), 
21 0C at anthesis for 5 d. and Pinidua. 
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Table 6. Cold-tolerant African rices at the seedling stage.IRRI, 1987. 

Accession no. Variety 

1509716074 
Ivory Coast 

62-18H. T. Moro 
16077 
1609638560 
38565 

Non-Non (N) 
Maleba L
IRATI6 
IRATll 

40622 IB10 
47004 IS31 
47054 
50805 
50818 

1-IS52-C 77 
Dagnonkpobeu
Fantigbe 

50819 Fosse 
50838 
50848 Guibie

Klopodi (509) 
50849 
50893 Klouaba 

Vareklouaba 
50894 Veka 
50895 
5090650920 
560 

VenouaSeka (594) 
Yoro Bane 565Zomokli 
Mabadagloun 

5677056771 
5612 

Yohokpa
Seihue 
Louokpa 

56815 Shm

56826 Fissawle5682756857 	 Mategbe 1 

Srito56880 Zokoule 
56881 Yopieleu
5689256903 	 Gbapou

Gbo56931 Wlehou
Liberia 

61453 Graga
61465 

Moloue61471 	 Waceea 
61472 Yetigbia63119 Baihiway Gbayawgia
63120
63163 	 Balhiway WillinglaComblah 663164 Comblah 7
6316563283 	 Comblah 8 

Jah63289 Jangaway 
63290 Jaou
63291 Jaou63292 

Jaun6322 Nigeria 

63225 Ex Zaki Blam
Sierra Leone

63240 Flegie 

63319 Koni63320 Kpamoenyayeh 
63427 Sokoni 
63433 


Tobohun
64206 Buluhan Yakei 289 
Zimbabwe 

64709 
 TGR1277 
aReceived ascore of 1; the rest received ascore of 3. 

In general, the varieties tested do not possess ahigh level of cold tolerance at the seedling stage. 
However, among the high-altitude bulus of the 
Philippines, Binnugon, Onggon, and Madduli 
have shown an acceptable level of tolerance, and
those are exactly the varieties farmers consider asearly maturing. These varieties are of the same 
growth duration as others under normal tempera
ture conditions, and theirearlinessat high altitudes
is quite likely due to cold tolerance. 

A BIOCHEMICAl APPROACH TO SCREENING FOR 
COD TOLERANCE 

International Rice Testing Program 

Polar linids from cold-tolerant rice genotypes 

exhibited higher linolenic acid (CI8:3) contentunder both low and normal temperatures. They 
also showed a null allelic situation at the Esterase 2 
isozyme locus (Est-2). Less tolerant or susceptiblegenotypes either had Est-21 or Est-22 alleles, asreflected by their slow or high mobility electro

phoretic bands. Investigations. revealed that Est-21and Est-2 2 isozymes compete for the choline-ester 
precursors of polyunsaturated fatty acids to con
vert them to free unsaturated fatty acids, thusreducing the formation of polyunsaturated fatty 
acids. Further, the free unsaturated fatty acids aremetabolized to short-chain saturated fatty acids,
 
resulting in higher levels of the latter in Est-21 and
 
Est-22 genotypes. As the short-chain saturated
 
fatty acids, especially nonanoic acid (C9:0), are
involved in seed dormancy, the amount of the acid 
needed to impose dormancy on seeds would berelatively less for Est-21 and Est-22 genotypes.Hence, based upon the germination response at a 
given amount of nonanoic acid and their Esterase2 allelic situation, rice genotypes can be screenedfor cold tolerance. This amount has been deter
mined to be 5 mM. This novel approach with 
two-tier screening has been found to be effective inlaboratory screening for cold stress. The two levelsof screening include 1) determining the germina

tion response to nonanoic acid, 	and 2) identifyingthe types of allele of the Esterase 2 isozyme present
in the genotype. 
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HYIIRII) RICE yields of 0.6 t/ha (IR54754A/IR29723-143-3-2-
Plant Breeding, Agronon i,Plant Piysiologv. aul I R) to 3.1 t/ha (IR54752A/ IR46R).Agricultural Econonics lywIartntets Comparison of some promising F, rice hybrids

and commercial varieties in trials conducted duringIdentification of heterotic combinations (Plant 1986-87 identified nine heterotic hybrids (Table 2).Breeding). I)uring the 1987 dr, season ()S), we Some ofthese hybrids were also evaluated in India,evaluated 47 experimental rice hybrids developed Indonesia, Malaysia, and Vietnam. Resultsat IRR I in comparison with the best recommended obtained there are discussed in the section oninbred varieties of different yrowth durations in Cooperative Country Projects.
replicated yield trials (RYTs). Sixteen rice hybrids In yield trials of the irrigated rice breedingyielded significantly higher than the best inbred program at I R RI, a number of promising experi-Narictiele of comparable growth duration (Table I). mental rice hybrids were evaluated along withThe 1987 riet season (WS) trials, comparing F, recommended inbred varieties and new elitehybrids with inbred varieties, failed because of cultivars. The 1986-87 results (Table 3)showed thatsevere tungro virus and heavy lodging at !owcring the early-maturing experimental hybrid
due to typhoons and torrential rains. Yields of 
check varieties in these trials ranged from 0.7 t/ ha
(IR54) to 2.9 I ha (I R66), compared with hybrid Table 2. Yields of some F1 rice hybrids compared with 

those of inbred commercial varieties of similar growth
duration in replicated yield trials. IRRI, 1986 and 1987. 

Table 1. Experimental rice hybrids yielding significantly Yield (ha)higher than commercial inbred rice. IRRI, 1987 DS. 
_ied_(t/ha)


Hybrid or variety Dry season Wet Mean 

Yied Daysto -- season1986 1987 1986Hybrid or variety Wh)maturity__________________________ 

(no.) Duration 100-110d 
IR46830A/IR29723.

IR46830A/IR29723-143-3-2-1R 7.0 6.4 4.0 5.86.4 112 143-3-2-1 RIR46830A/IR50R

IR46830A/IR9761-19.1R 6.1 112 IR46830A/IR50R 6.8 6.16.0 112 4.1 5.7IR46830A/IR9761-19.1R 6.4 6.0 3.6 5.31R46830A/I R13292-5.3R 6.1 112 IR58 (check) 5.7 4.6 3.0 4.4IR46828A/IR13524-21-2-3-3-2-2R 5.6 110IR58 (check) 4.6 112 LSD (5%) 0.8 0.9 0.6
 

LSD (5%) 
 0.9 - Duration 1h1-125 d 
IR54752A/IR2797.125-3.3.2R IR54752A/IR64R7.8 130 IR64 (check) - 6.8 3.9 5.4- 5.2 2.9IR54752A/IR2£167.9.2.2.1.2.2. 4.0 

2 7.4 125 :R54 (check) - 6.0 2.3 4.2IR54752A/ARC11353R 7.4 134IR54752A/IR29512-81.2.1R 7.2 130 LSD (5%) - 0.6 0.6IR54752A/IR28118-138-2-3-3R 7.0 137 Duration 125-135 dIR54752A/lR31833-38-2.2.2R 6.9 135 IR54752A/IR46R 7.0 6.2 3.4IR54752A/IR64R 5.56.8 127 IR54752A/IR54R 6.5 6.5 2.5 5.21R54752A/1R21526.4-3.3R 6.8 130 IR54 (check) 5.6 5.8 1.9 4.4IR54752A/IR29511-122.3.3-1 6.7 130 1R64 (check) 5.4 6.2 2.9 4.8IR54 (check) 6.0 128IR64 (check) 5.2 120 LSD (5%) 0.5 0.9IR66 (check) 0.65.0 127 IR54752A/ARC 11353R 6.8 7.4 2.3 5.5IR28150-84-3.3.2 5.9 131 IR54 (check) 5.6 6.0 2.3 4.6 
LSD (5%) 0.6 - IR28150-84-3.3-2 (check) 4.7 5.9 2.8 4.5

IR54752A/ARC11353R 6.8 128 LSD (5%) 0.5IR54752A/IR46R 0.6 0.66.8 130 IR54752A/IR25167.9. - 7.4 2.5 5.0IR54 (check) 5.8 128 2-2-1-2-2-2IR64 (check) 5.0 121 IR54752A/IR29512.81-2-1R - 7.2 2.6 4.9IR66 (check) 5.0 118 IR54 (check) - 6.0 1.9IR28150-84.3-3-2 (check) 5.2 4.0131 IR28150-84-3-3.2 (check) - 5.9 2.5 4.2
 
LSD (5%) 
 0.5 - LSD (5%) - 0.6 0.6 

http:1R54752A/1R21526.4-3.3R
http:IR54752A/lR31833-38-2.2.2R
http:IR54752A/IR29512-81.2.1R
http:IR54752A/IR2797.125-3.3.2R
http:13292-5.3R
http:IR46830A/IR9761-19.1R
http:IR46830A/IR9761-19.1R
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Table 3. Yields of elite rice hybrids and of be3t inbred varieties and cultivars in replicated yield trials of the irrigated rice 
breeding program. IRRI, 1986 and 1987. 

Hybrid or variety duration 
(d)ri 

1986 


1R46830A/IR9761-19-1 R 108 7.7 
IR58 (check) 106 6.4 
IR50 (check) 106 6.6 
IR28 (check) 105 5.9 
IR36 (check) 112 7.0 
IR42015-83-3-2-2-2 107 6.4 

IR54752A/IR64R 121 -

IR54 (check) 123 
IR28228-12-3-1-1-2 128 -

IR68 (check) 119 -

IR64 (check) 119 -


IR46830A/ 1IR9761-19-IR yielded I t/ha higher 
than inbred varieties of similar duration: IR58 and 
1R50(105-110d), and IR36and IR64(10-120d). 

The same combination, when compared with the 
newly developed elite line 1R42015-83-3-2-2-2, 
showed a similar yield advantage in DS but none in 
WS (Table 3). This hybrid, however, cannot be 
promoted for commercial use because the male 
sterile parent IR46X30A shows very low out
crossing (less !:,an 10l), which will make seed 
production uneconomical, 

Several other medium-duration rice hybrids--
IR54752A/iR64R, IR54752A/IR54R, and 
IR54752A/'I R29512-81-2-I R---showed incon
sistent yield performance in these trials, primarily 
because of the occurrence of 5-20% sterile and 
partially fertile plants in hybrid rice plots. Seed for 
these hybrid!, was produced using techniques 
involving natural outcrossing on the male sterile 
parent. Partially sterile and partially fertile plants 
can occur because of restorer gene segregation in 
the male parent or instability in pollen sterility in 
the female parent. Both these defects are being 
corrected in the breeding program by purifying 
male and female parents of heterotic hybrids. In 
this context, we also studied the extent of yield loss 
due to the occurrence of sterile plants (like the 
female parent) and fertile plants (like the male 
parent) in the population of the hybrid 
IR54752A/IR64R. Results (Table 4) indicated 
that the mixture of sterile plants in the Fl popula-

Yield (t/ha) 

Dry season Wet season Mean 

1987 
 1986 
 1987
 

6.9 4.2 3.9 5.7 
5.9 3.4 2.9 4.7 
4.8 2.5 3.1 4.2 
5.9 3.7 3.2 4.7 
6.3 3.4 2.0 4.7 
6.3 4.5 4.4 5.4 

6.8 - 2.8 4.8 
6.3 - 2.8 4.6 
6.0 - 4.6 5.3 
6.2 - 3.4 4.8 
6.3 - 3.4 4.8 

Table 4. Effect of mixtures with n)ale sterile and restorer 
plants on yield of rice hybrid IR54752A/IR64R.a IRRI,
1987. 

Yield (t/ha) with 
mixture percentage of MeanType of yield

mixture 0 1 3 5 10 (t/ha) 

Male sterile 4.0 4.2 3.63.5 3.63.9 3.7 3.4 3.43.4 3.8Restorer 3.9 

a LSD (5%) for 2 main plots (type of mixtures) =0.6 t/ha, 
LSD (5%) for 2 subplots (%of mixtures) = 0.4 t/ha. 

tion tended to reduce the yield. A 10%rmixture with 
sterile plants reduced yield by about 15%, which 
was statistically nonsignificant but large enough to 
offset the yield advantage of hybrids over the best 
inbreds. Mixtures with R plants also tended to 
reduce hybrid yield, but the reduction was 
inconsistent. 

Adaptability of hybrid rice to a rainfed environ
ment (Agronomy and Plant Breeding). Hybrid 
rices have been reported to have stronger and 
better distributed roots than inbred lines. Because 
drought resistance depends, in part, on a good root 
system, a preliminary study determined I) the 
feasibility of growing hybrid rices under rainfed 
conditions and 2) the drought resistance of hybrid 
rices. Two hybrids (IR46830A/IR9761-19-1 and 
IR54752A/IR46R) and their parents were direct 
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2seeded and grown under strictly rainfed conditions Gron yild (g/m)
in arainfed lowland field and an upland field on the 350
 
IR RI farm. IR46, one of the parents, served as the Lowlond sie Upland se
 
local check. hrea (90 kg N ha) 
was topdressed a 3 

SDte(005 - WR468J30A/IR9761-19 -IRfew days after seeding when ample water 2-IR9761-19-1 
was available. A water deficit occurred from 45 to -L 3-1R46830 

60 DAS, with a 
250 4-1R547'2A/IR46Rrmaximumn stress of 69 and 4.9 kPa 6-IR46 

soil moisture tension at 20 and 60 cm soil depth. 2-0-
Hybrid lR46830A lR9761-19-IR gave the 

highest yield, with 105% mid parent heterosis for
 
the lowland trial and 78% for the upland (Fig. 1). 
 150 TsD(0oo) 
Better-parent heterosis for the same cross was

found to be 33c/i and 64%, respectively. Hybrid 100 -

IR54752A lR46R exhibited only 7-8% midparent
 
heterosis in the 2 trials and yielded about the same 
 1 
as IR46. Although not statistically analyzed, grain

yield appeared higher at the lowland than at the
upland site. 12 45upadst.0 23 51 2 3 4 5 6 1 2 3 4 5 6

At both sites, there were no significant dif- Cultiver
ferences in root length density among hybrids and 
 I. (irain yield ol hybrid rices and their parents. IRRI. 1987 
better parents down to 40 cm soil depth. ws. 

These results suggest that selected hybrid rices 
can be grown under rainfed conditions, where they Physiological mechanism of heterosis in seedling
will exhibit heterosis for grain yield even when growth of japonica/indica F, hybrids (Plant
subjected to water deficit. Physiologi and Plant Breeding). Vigor in initial 

Table 5. Average values of total seedling dry weight and growth attributes of F1 rice hybrids and parents at 21 d after
seeding. IRRI phytotron, 1987. 

Seedling Leaf Leaf N uptake Embryo EndospermHybrid or parent dry weight area N content in shoot weight weight

(mg) (cm,) (%) (mg/plant) (mg) (mg)
 

Japonica/laponicaMS1001 (1985) Akihikari 115.4 25.9 4.77 3.74 0.58 18.23Ishiokarnochi 7 108.3 27.8 5.03 3.80 0.63 17.87MS1001/lshiokamochi 7 147.5 31.6 4.76 4.67 0.67 17.44
 
Hatafusamochi 
 167.1 37.8 4.85 5.35 0.66 18.43MS1001/Hatafusamochi 142.1 31.3 4.76 4.50 0.64 16.25
 
Ishiokamochi 20 113.3 28.7 5.17 4.12 0.43 
 15.91MS1001/Ishiokamochi 20 120.4 27.2 4.81 3.97 0.64 16.98
 
Roma 
 164.3 34.6 4.91 5.60 0.71 26.70MS1001/Roma 149.6 35.6 4.87 4.92 0.67 16.40 

Japonica/indicaMS1003 (1986) Akihikari 87.1 19.3 4.80 2.95 0.6-/ 18.28Shinseiwai 1 138.7 36.2 5.39 5.38 0.51 17.08MS1003/Shinseiwai 1 204.8 45.4 5.31 7.36 0.58 18.21 
Milyang 23 125.7 28.1 4.96 4.42 0.44 19.62MS1003/Milyang 23 161.2 33.8 4.94 5.51 0.55 18.81 
Suweon 251 100.6 22.4 5.39 3.91 0.64 16.74MSlOO3/Suweon 251 170.3 33.2 5.19 6.07 0.53 16.18 
Kanosen 11 187.3 41.9 5.29 6.95 0.48 16.40MS1003/Kanosen 11 189.6 39.5 5.12 6.76 0.45 18.72 
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growth was considered the principal trigger for 
heterosis of F, rice hybrids. As previously reported
 
(Annual report for 1986), higher initial growth in
 
F, hybrids is :e'ated to bigger embryo size in F,.E
 
hybrids crossea within indica varieties obtained ,,.- Co a) a) 0 0
 

00
from cvtoplasmic male sterile (CMS) lines. To - 3,
Cattain more information on the mechanism in- W
 

volved in heterosis at initial growth, studies on F, 0
 

hvrids derived from parental genotypes having ..- Co W)0 ) N0 u3 oN ,CD
 

contrasting genetic background such Ias japonica/ w
 
indica crosses were considered useful. G 1 CN( itU) N a)
 

Each of four japonica indica and japonica/ 0 ..0. 0.
 

japonica F,hybrids, together with parental varic- .0 
ties, were evaluated for embryo weight, endosperm C ( 0 )Co 0)CoM (0

weight, leaf area, N uptake, and initial growth .:zC 0 0 0 0 0 0 0 0 0)
 

performance. Pregerminated seeds were grown in 8
 
culture solution for 21 d inside the phytotron witi-s 00 0 M T a),,
 
day,'night temperature of 29/21 'C.
 

Some of the physiological traits attributed to
 
seedling growth ofthe F, hybrids are given in Table - o - n
 

5. All F, rice hybrids used in the experiment
 
e :hibited positive heterosis in plant dry weight at , E


002, DAS (Table 6). Heterosis and heterobeltiosis in E ,., 0 )
 
seedling dry weight were higher injaponica/indica 0 W
, - -

F, hybrids than injaponica F, hybrids. Heterosis in E 2C 
embrvo weight of japonica hybrids ranged from 3 0 roo
 
to 27%, with a mean value of 11%. In japonica/ .0 .. 0 -")-(0

indica hybrids, however, heterosis in embryo W .... (
E . " 

weight was not evident. The presence of positive U.
 
heterosis in embryo weight of F,japonica hybrids 
 "- -. ol0 I r U)N r LC) 
and negative heterosis injaponica/indica hybrids 2, . 
can be explained from the behavioral distribution E N C'" ,-
(Fi Mg -0)r - CD -0-- - "Cpattern of embryo weight in these varieties (Fig. 2). . ZD) M0 0 o 00000 

The distribution pattern of embryo weight in 0
0

japonica hybrids (a)was similar to that of the better 20 
parent; in japonica/indica hybrids, embryo weight ., - - - ---- - E 
was either similar to that of the lower parent (b) or M -n 

in between the parents (c). Again, heterosis in 'a -O,,- C M0 

endosperm weight in both F, hybrids was not . U 3a: . 
apparent. 2 

Heterosis in leaf area was highly positive in = " -

japonica/indica crosses, ranging from 28 to 63%. =C- .@'
Except for MS 1003/ Kanosen II, heterobeltiosis in -W -0 A) ._
 
leaf area was also highly positive in these crosses, D 0 . ->
 
The same tendency was observed in total N uptake I X 2 cc n .
 
by the However, and hetero- V
plant. heterosis ") 
beltiosis in N content were not evident in either .0 00- 
hybrid. I"- = Ia)1 

From the standardized regression coefficient 
values using a multiple linear regression equation, 
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Frequency 
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2. Frequency distribution of embryo weight in japonica!
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c). IRRI. 1987. 

the contributions of embryo and leaf area to 
seedling dry weight were 3 and 9%, respectively, 
Therefore, higherleafareaexpansionin F, hybrids 
can be considered the primary foctor for heterosis 
for seedling growth. Besides, leaf area was signi-
ficantly related to higher N uptake rate (Fig. 3).

These results, together with our previous 
findings, suggest that heterosis in the embryo is 
related to heterosis in seedling dry weight in F, 
hybrids crossed with rices of similar genetic
background, such as in indica/indica andjaponica/ 
japonica crosses. However, higher N uptake rate 

2Leaf area (cm ) 
50___ 

toovShin 0%,j- Rona o 10 3/KaOl)l10 1/ o m ro 0 
--.1, WQjj103/M23xTn 003/,251Kn 

825
3 r1O 


1003
OS3 ~ O5 

64d0 Y5755Xbr55L55 
26
20 

2. DI 0 10 
03 

, 0 

---~m 

ela ionship het wveen leafut k andmq totaa t l N uptake inl F , 

hybrids and parent varielies at 21 d aflter seeding. IR RI, 1987. 

would be a more important physiological characteristic responsible for heterosis in F, hybrids. 
ability of cytoplasmic male sterile 

and restorer lines (Plant 3reeding). We evaluated10 CMS lines, their maintainers, and their restorers 
for general comnbinig ability (GCA) for vield using 
the line/tester design. GCA reflects the average
performance of a line in a series of'ibrid corn
binations and gives plant breeders a basis forselecting desirable parental lines to develop hete
rotic hybrids. Estimates of GCA effects over six
environments- designated EI to E6--created by 
growing the ma;erials at three fertility levels during 

seasons (Table 7) indicated that IR54752A and 
1R58057A were the best general combiners among 
the CMS lines, arid that 1146 and 1154 were the 
best general combiners among the restorers. Theseresults are further confirmed by the fact that
several crosses with IR54752A, IR46R, and IR54R 
yielded significantly higher than parents in other 
trials (Table I, 2). 

We also found that GCA effects interacted 
significantly with environment. Therefore, it is 
necessary to estimate combining ability 9ver 
different environments before selecting parents 
possessing good combining ability. 

Development and introduction of new CMS 
lines (Plant Breeding). We identified seven new 
wild aborted (WA) CMS lines developed in the 
genetic background of rice cultivars bred at IRRI 
(Table 8). Seeds of these lines are being multiplied
for distribution to and evaluation by national 
programs. 
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Table 7. General combining ability effect of parents for yield estimated over 6 environments. IRRI, 1987. 

Yield (g/m2 ) 
Variety or line 

El E2 E3 E4 E5 E6 Av 

CMS lines 
IR46828A 
1R46831A 
IR48483A 

- 67.9** 
- 66.3"* 
-129.7"* 

- 73.2* 
-135.5"* 
-161.0"* 

- 82.2* 
- 70.2ns 
-231.5"* 

- 5.1ns 
- 5.2ns 
- 30.9ns 

68.2* 
36.5ns 

- 10.2ns -

57.2* 
34.6ns 
17.7ns 

- 17.2 
- 34.3 
- 96.9 

1R54754A 
IR17492-18-10-

122.8"* 
1.7ns 

330.6"* 
- 86.5** 

347.6** 
- 19.9ns 

115.1"* 
- 87.6** 

100.7"* 
-117.6"* -

60.5* 
92.1" 

179.6 
- 67.0 

2-2-3A 
IR54753A 
1R58057A 
1R22107-113-

70.0"* 
232.6** 

- 24.4ns 

23.7ns 
302.3" * 

- 23.8ns 

98.4* 
320.6"* 

-113.8"* 

28.4ns 
86.7"* 

- 42.5 

- 11.6ns 
38.1 ns 

- 24.9ns 

1.5ns 
53.1 * 
6.7ns 

34.1 
172.2 

- 39.2 
3-3A 

IR54758A 
1R54756-A 

- 82.0"* 
- 52.9* 

-202.9"* 
25.6ns 

-231.6 "* 
- 17.5ns 

-126.5"* 
67.7** 

-147.60* 
74.4"* 

-121.8"* 
31.4ns 

-152.1 
20.8 

SE 25.3 32.7 36.5 20.5 27.9 24.7 

1R36 
1R46 

- 44.9* 
166.8** 

-114.9 * 

247.1 -

Restorers 
-106.0" - 41.0" 
324.9 * 145.9** 

- 50.3* 
145.5** 

41.8" 
139.2** 

- 66.5 
194.9 

IR54 
1R58 
1R62 
IR64 
1R9761-19-1 

85.3** 
- 97.7"* 
-114.4"* 

20.6ns 
- 15.7ns 

182.9"* 
-126.7"* 
-229.4** 

3.3ns 
37.9ns 

208.9** 
-216.1** 
-306.3** 

13.3ns 
81.2" 

111.6** 
- 99.9"* 
- 93.5"* 

10.8ns 
- 33.9* 

113.3** 
-104.9"* 
- 60.2* 
- 18.7ns 
- 24.6ns 

-
-
-

50.1 * 
52.5* 
90.1* 
24.9ns 
20.Ons 

125.3 
-116.3 
-149.0 

0.8 
10.8 

SE 21.2 27.3 30.6 17.1 23.3 20.7 

Table 8. New wild aborted type cytoplasmic male sterile linos developed at IRRI, 1987. 

Parentage Days (no.) to 50% flowering 
Line 

Female Male Wet season Dry season 

1R58052A 97A/12* R4763-73-3-11 1R4673-73-3-11 71 76
IR58053A 1R46830A/11* IR19746-27-3-3-1-3 IR19746-27-3-3-1-3 73 81 
IR58054A V20A/10* 1R22103-26.6.2' IR22103-26-6-2 77 89
IR58055A 97A/10* I19728.9-3-2.3.3 IR19728-9-3-2.3-3 76 87 
1R58056A V20A/10* 1R25474-41.2-3-2 1R25474-41-2.3-2 92 95 
1R58057A 97A/10 1R 19661-283-1-3.2 1R19661-283-1-3-2 103 111 
IR58058A V20A/10*IR12979.24.1 IR12979-24-1 89 100
 

We also received I I CMS lines (Table 9) frorp seed production plots. The CMS lines Er-Jiu-Ai IA 
national programs for evaluation at IRRI. The from China and RD21A-23 from Thailand were 
seven CMS lines introduced from India possessed found unstable for pollen sterility at IRRI. The 
MS577A cytoplasm. Their pollen grains, when remaining two CMS lines from China were stable, 
stained with I%I-KI solution, stained normal like however. Line Large Sigma A possesses large
fertile pollen grains; however, they were not viable, exserted stigma, a useful trait for increased 
because the bagged panicles did not set any seed. outcrossing. All CMS lines from China and 
The Indian CMS lies, although adapted to the Thailand were highly susceptible to tungro virus 
tropics, were not suitable as parents fordeveloping and are therefore not adapted to the tropics.
hybrids because of their normal-looking pollen Consequently, we still have to depend on IRRI
grains, which will pose problems in roguing hybrid bred CMS lines to develop hybrids for the tropics. 
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Table 9. Performance of CMS lines introduced at IRRI, 1987. 

Source Days (no.)Line of Origin to 50% Remarksa 
cytoplasm flowering 

MS18A MS577A Irdia C9 Pollen grains stain 

normal but viabinMadhu A MS577A India 84 Pollen grains stain 
normal but viable 
Pollen grains stain 
normal but viable 

Mangala A MS577A India 69 

Pragathi A MS577A India 87 Pollen grains stain 
normal but viableES18A MS577A India 63 Pollen grains stain 
normal but viableIntan Mutent A MS577A India 88 Pollen grains stain 
normal but viablePiishpa A MS577A India 80 Pollen grains stain 
normal but viabieEr-.i,-Ai 1A ? China 63 Mostly withered, 

sterile pollen grains
but some stain normal, 
sus',eptible to RTVLian Tang Zhao A ? China 63 Sterile pollen, 

stable, susceptible 
RD21A-23 WA to RTVThailand 87 Unstable for pollen, 

Large stigma A ? China 

aRTV = tungro virus. 

Identification and purification of new restorer 
lines (Plant Breeding). During the year, we identi-
fied 73 new restorer lines among elite lines 
developed at IRRI and those introduced from 
natio!.al programs. Most promising are IR66R, 
IR70R, 1R3 !868-64-2-3-33R, IR32429-68-3-3-3R, 
IR32809-26-3-3R, IR35366-28-3-1-2-2R, IR35366-
62-1-2-2-3 R, IR37721-9-2-1-3 R,and IR39357-133-
3-2-2-2R from IRRI C1321-90R and MRC 11055-
430R (Philippines); MAhsuri R (Malaysia); 
PDR76-DIO-D8-DI-R (Pakistan); lri 378R, 
Suweon 3411.. and Milyang 83R (Korea); and 
5167R (Colombia). 

The frequency of true-breeding restorer gene-
types in populations of elite lines ranged from 13 to 
100%; the remaining plants were mostly partial 
restorers and occasionally nonrestorers. 

Cytohistological basis of cytoplasmic male 
sterility (Plant Breeding). We studied CMS line 
V20A and its fertile maintaii.er V20B for micro-
sporogenesis and for vasculature of the stamens, 

susceptible to RTV 

71 Sterile pollen, 
stable, susceptibleto RTV 

using advanced microtechniques such as light
microscopy with plastic embedding and semithin 
sectioning, and aniline blue-fluorescence 
microscopy. 

Detailed analysis of microsporogenesis in V20B 
indicated that the process issimilar to that reported 
in maize, barley, rye, sorghum, and wheat. We did 
not observe striking differences between V20A and 
V20B. 

We also examined vascular tissues in filaments 
and connectives of V20B and V20A when their 
microsporogenesis was at the pollen mother cell 
(PMC) stage. Differentiation of the phloem (sieve
tubes) in the filaments and connectives in V20A 
was more or less comparable to that in V20B, but 
significant abnormalities in xylem development 
occurred in both filaments and connectives of 
V20A (Figs. 4-7). More than 200 spikelets of V20A 
were examined by fluorescence microscopy; only
pieces of xylem vessel elements were occasionally
observed in the upper portions of the filaments or 

http:maintaii.er
http:natio!.al
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7 . Cross section ol the connective inV20A anther at the pollen
mother cell stage, IRRI, 1987. Note that sieve tubes (S) are4. Cross section of V201 filament, IRRI, 1987. Arrows = present, but the area of the vascular band is very small

imercellular spaces. 600X. (arrows), and the xylem is not differentiated. 1500X. 

the connectives. Failure of xylem tissues to dif
ferentiate in the stamens of V20A remained until 
heading. 

Another significant abnormality in V20A was 
the cell organization of the vascular bundles found 
intle connective tissue early inthe PMC stage; the
 
transverse section of CMS anthers showed poorly 
organized connective tissue; and the transverse 
area of the vascular bundles showed a very small 
vascular column consisting of 3-15 cells in the 
CMS line V20A (Fig. 7). In the fertile line V20B, 
the vascular column was generally comiosed of 305. Cross section of V20A filament showing sieve tubes (S) and cells with a relatively regular vascular sheath 

intercellular spaces (arrows), IRRI, 1987. Note that the xylem
is not differentiated. 1500X. (Fig. 6). 

Several other CMS lines derived from WA 
sources--1R48483A, IR46830A, IR54752A, 
IR54753A, IR54756A, IR54758A, 1R58019A, and 
IR58025A-were also analyzed to study xylem 
differentiation in filamunts and connective tissues. 

*We observed complete failure of xylem differentia
tion in fil:ments and co,-nectives of all these lines. 
These studies clearly indicated that a failure of 
xylem differentiation in the stamen could be a 
characteristic effect of WA CMS lines. 

We also examined the vasculature of lodicules 
from the preceding CMS lines, including V20A, 
and their fertile maintainers. In fertile lines, 
development of vessel elements was observed 

6. Cross section of the connective inV203 showing the vessel starting from the early microspore stage of 
element (V), sieve tubes (S), and tite whole area of the vascular microsporogenesis, when development of vessel
band (arrows). IRRI, 1987. 1500X. elements in the stamen had just finished. Before 
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heading, all the fertile maintainers showed well
differentiated lodicules, with many strands of 
vascular bundles arranged like the ribs of a fan 
(Fig. 8); each vascular bundle had one strand of 
vessel elements and one strand of sieve tubes. 
Conversely, all the WA sterile line:; had lodicules 
with either partially or extremely degenerated 
vessel elements, although sieve tubes were normally 
differentiated. In CM S line IR54753A, for 
the lodicules (Fig. 9). Differentiation of vessel 

elements in the lodicules off R46830A was the best 
among the nine CMS lines studied but was still not 
comparable to that in the fertile laintainer 
(Fig. 10). We also observed a direct relationship 
between the extent of development of vascular 
bundles on the lodicules and the opening of the 
spikelets of CMS lines. 

The vascular tissues within the filaments and the 
connectives constitute th . major organ responsible 
for transporting water and various nutrients to the 
developing microspores or pollen grains. Poorly 
developed vascular tissues mean a poor supply of 
water and nutrients, causing starvation and meta
bolic imbalance in the developing microspores. We 
believe that degeneration of vascular tissues in 
filaments and connectives may be the primary 
cause of pollen abortion in WA cytosterile lines. 

Hybrid rice seed production (Plant Breeding).
Seed of 34 rice h, brids involving IRRI-bred CMS 
lines IR46830A, IR54752A, IR54753A, and 
IR54754A was produced, employing techniques 
developed in China using 4:2 to 6:2 female:male 
ratios and 20- X 20-cm plant spacing. Seed yields 
were very Iov ---3-278 kg/ha in DS and from 9-112 
kg/ha in WS--primarily because of poor out
crossing rate or unsatisfactory synchronization of 
flowering in male and female parents. We are 
conducting experiments to study the causes of low 
seed yield and to develop a package of practices to 
produce higher yields in hybrid rice seed produc
tion plots. The results of some experiments con
ducted during the year are summari-ed in the 
following sections. 

Effect offimlale~niale row ratio on hybrid seed 
yiel. During 1987 DS, we studied the effect of I-4 
female rows: 1-4 male rows on the outcrossing and 
seed yield of CMS line IR54752A in the IR54752A/ 
Bseed multiplication plot. The experiment was in a 

.,4 
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A' 

. 

f 

8. Microphtograph of \'2(I Ilodictile sit)oiig \cssci ielmnts, 
IRRI, 1987. Note that the dark areas on ie left arc highly 
lignilied cells that are ii contact with the palea. 75X. 
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9. M cropoograph otlc lodicuti rot IR54753A. showing 
seriously dcegenerated xylem. IRRI 1987. 75X. 
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10. Te IodiculcofRII46830A.showingthat xyleim tissue isnot 
well developed. IRRI. 1987. 75X. 
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split-plot design with number of male rows of 
IR54752B as main plots and number of female 
rows of lR54752A as subplots, with 20- X 20-cm 
spacing. Seed yield was directly proportional to 
increas! in area (ranging from 20 to 80%) under 
female rows (Fig. II). Te percentage of' out-
crossing of the CMS line ranged from 13 to 15% 
and did not differ significant!y among treatments. 

In another set of experiments ,onducted during 
1986 WS and 1987 [)S, seed yield was determined 
from CMS line IR54752A on a single-row basis. 
The treatments were 2:2,4:4, 3:2, 6:4, 5:2, 10:4, and 
o:2 in 1986 WS and 8:1 and 8:2 in 1987 DS.No 
differences were found for per row seed yields 
between treatments, although the 4:4 and 6:4 row 
ratios gave lower seed yields. In 1987 WS, the 
highest seed yield (246 kg! ha) was obtained with 
the 8:2 row ratio. Seed yield in WS v:as always 
!ower than in DS. The spacibg used in these 
experiments (20 X 15 cm) k as :,loser than in the 
previous experiment (20 X 20 cm). It appears that 
hybrid seed yield can be increased by increasing the 
r:ttio of female to male plants per unit area. 

We still do not understand clearly why the 
increased number of male rows per unit area did 
not increase eutcrossing percentage in CMS lines, 
We need to monitor closely the pollen load created 
by varying the number of male rows. In the 
meantime, we are using an 8:2 row ratio with a 
spacing of 20 X 10 cm. 

Effict ofconcentration and time of application 
of GA 3 on outcrossing rate and seed yield of a 
CMS line. Following the pot experiment con-
ducted in 1986 WS (Annual report for 1986), afield 

Seed yield (kg/ho) 
500 

'100 -conducting 

300 -

ZY -1649+12217XX08X2 

0(Plant 

100o-4 10 20 30 40 50 7060 8o 
Female area %) 

9o 

II. Elffectof area of female rows on seed yield of CMS line 
1R54752A in CMS line multiplication plot. IRRI, 1987 DS. 

Table 10. Seed yield of CMS line IR54752A as dffected 
by concentration and 3 times of application of GA 3 . 
IRRI, 1987 DS. 

Yield (kg/ha) 
Concentration 

(ppm) Full Initial 20% Meanbooting heading heading 

0 (control) 485 456 489 477
30 510 4340 358 309 418564 472 45 
60 (twice)a 468 518 498 495 

Mean 485 493 442 464 
LSD (5%) to compare effect of concentrations = 90 
LSD (5%) to compare effect or time of application = 80 

aSecond application was given 3 d after the first. 

experiment determined the optimum concentration 
and time ofapplication of GA 3for hybrid rice seed 
production. Results (Table 10) indicated that 60 
ppm GA., when sprayed at initial heading, 
increased seed yield significantly. Concentration X 
time of application effects were significant. 

Search for a substitute for GA3 to increase 
owtcrossing and hybrid rice seed yield. GA 3, 
although effective in increasing hybrid rice seed 
yield, is rather expensive. We are therefore 
searching for a cheaper alternative. We tested the 
efficacy of urea and boric acid spray compared 
with GA 3application and control treatments at full 
booting, initial heading, and 20% heading. Yield 
differences between various treatments were statis
tically nonsignificant, and GA 3and urea treatments
 
were comparable. It appears that 1.5% urea spray
 
may be a substitute for GA 3.
 

In a separate pot experiment, we studied the 
effect of urea on spikelet opening in CMS line 
IR54753A. The panicles from the plant sprayed
with 2% urea showed 36% spikelet opening 
compared with 17% fur the control. We aremore in-depth studies on the effect of 

urea as a substitute for GA 3 on hybrid seed yields.Identification of promising F, rice hybrids in 
Korea, India, Indonesia, Malaysia, and Vietnam 

Breeding). Evaluations were made of experi
mental hybrids in 1986 and 1987. Results are given
in the section on Cooperative Country Projects.Ratooning performance of IRRI hybrids in 

Bangalore, India (Plant Breeding). See Cooperative
Country Projects. 
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Effect of plant density and nitrogen level on 
yields of F, hybridsand eliteinbred cultivars(Plant 
Breedingq). In a collaborative experiment with the 
Crops Experiment Station, Suweon, Koreo, two 
hybrids, V20A /Milyang 46R and 1R54756A/ 
Suweon 287R, yielded significantly higher than the 
best inbred cultivar. Sec Cooperative Country 
Projects for details, 

Economics of hybrid rice in China (Agricultural 
leconomics). The Agricultural Economics )epart-
ment, in collaboration with the Chinese Academy 
of Agricultural Sciences, studied resource use and 
productivity of hybrid rices and conventional 
japonica and indica rice varieties in Jiangsu 
Province, China. We also evaluated the economics 
of hybrid rice seed prod uction in the same province. 
Detailed results arc reported in tie section on 
Cooperative Country Projects. 

Screening for wide compatibility varieties in rice 
(Plant Breeding). Wide compatibility rice varieties 
(WCVs) produc fertile F, plants in intervarictal 
indica/japonica crowes. Such varieties were first 
id,.ntified in Japan. Their use would enable us to 
exploit indica/japonica heterosis and produce 
higher frequency of recombinants in such crosses. 

We screened 41 rice cultivars from IRRI's 
germplasm bank. These cultivars were crossed with 
three indica and threejaponica testers, and cultivars 
producing normally fertile F, hybrids with both 
groups of testers were clkssified as WCVs. Eight 
cultivars--BPI 76 (indica), N22, Lambayeque I, 
and Dular (ail aus type), and Moroberekan, 
PBMN I, Palawan, and Fossa HV (alljaponicas')-
were identified as WCVs (Table II). Dular was also 
reported as a WCV by Japanese rice scientists. 
Cultivars Ketan Nangka, Pada Bujang Pandek 

(javanica), Aus 373 (aus), and CP-SLO (inter
mediate)-- found to be WCVs in Japan-showed 
only partial wide compatibility at IRRI. Work is in 
progress to study the inheritance of WCV genes 
and determine the linkage relationships between 
them and isozyme marker loci, viz., Pgi-2, Amnp-3, 
and Esi-2. The allelic relationship of WCV genes 
present in different ctiltivars is also being investi
gated. We are incorporating WCV genes into 
indica CMS and restorer lines to exploit yield 
heterosis in indica/japonica F, hybrids. 

WII)E HYBRII)IZATION 

Plant Breeding and Soils Departments 

We continued the evaluation of progenies derived 
from crosses between three elite breeding lines of 
O. saiva and se,:eral accessions o,- 0. officinalis. 
We grew 595 F,,pedigree rows in DS and 645 F6 
pedigree rows in WS. Thirty-two breeding lines 
were evaluated in RYTs in DS and 41 in WS along 
with 350 elite breeding lines from the irrigated rice 
breeding program. During DS, one of the lines 
(1R54742-1-18-12) yielded 7.1 t/ha, the highest in 
the trials. In WS trials, IR54742-18-17-20-15 was 
the highest yielding entry at 5.4 t/ha. We crossed 
these lines with other elite lines to incorporate their 
useful traits such as resistance to brown plant
hopper (BPH) and whitebacked planthopper 
(WBPH) in the breeding materials. Many of the 
lines have beet sent abroad to evaluate their 
resistance to local BPH biotypes. 

In 1984, we crossed 0. australiensis with 
IR31917-45-3-2, an elite breeding line of 0. sativa, 
obtaining several completely sterile F, plants. No 

Table 11. F 1 spikelet fertility of wide compatibility varieties in crosses with indica (1)and japonica tJ) testers compared 
with check crosses (l/J) and cultivars. 

Mean spikelet fertility (%) with Difference from 
Cultivar 

I testers J testers Difference IiJ F1 mean I mean J mean 

Moroberekan 75 76 - Ins 61 * 4ns 5*
Fossa HV 66 70 - 4ns 53 " -4ns -4ns
Palawan 60 74 -14ns 53- -4ns -4ns
Pate Blanc MINI 63 71  8ns 52- -5ns -4ns 
BPI 76 7'0 63 - 7ns 52** -5ns -5ns
N22 71 72 - ins 56** -ns 0 
Lambayeque 1 63 76 -13ns 54' * -3ns -2ns
Dular 61 70 - 9ns 49* -7ns -7ns 
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seeds were obtained upon backcrossing to 0. 
sativa. In 1985, we produced 4n 0. sativa with 
colchicinc treatment and crossed it with 0. 
australientsi., obtaining six 3n F, pla.nts. Back-
crossing the triploid Fls to 0.saiiva produced 16 
BC, plants with chromosome number varying
from 28 to 31.These plants were again backcrossed 
to 0.sativq. Only two BC, plants yielded BC2
progenies. Fifty-five seeds were obtained, and 35 
BC2 seedlings are now growing. We shall determine 
their chromosome number at flowering. 

l)uring 1987. ianuimber of new cros:;es were 
made to facilitate the transfer of-,rious traits from 
selected O(r'za species into cultivated iLC. 

Gene transfer from Oryza minuta (Plant 
Bree(ing). 0. minta,a tetraploid species with the 
genomic constitution BBCC, is a rich source of 
resistance to planthoppers and lealoppers. Four 
accessions of Philippine origin were selected as 
sources of' BPH and WBPH resistance and were 
crossed with IR31917-45-3-2, which is susceptible 
to both insects. All crosses were made using 0. 
sativa as the lemalc. GA3(75 ppm) was applied to 
the pollinated panicles. Seed sets ranged from 0 to 
4.2,i. Hybrid seed development was slow because 
of premature embryo and endosperm degenera-
tion, and at 14 d after pollination the seeds started 
to abort. I-oensure hybrid survival, 14-d-old 
embryos were extracted under sterile conditions, 
transferred to /4-strength Murashige-Skoog 
medium, and incubated in the dark. Upon ger-
mination, the hybrid plants were transferred to 
light and then to a nutrient solution. The seed set 
and embryo rescue data are shown in Table 12. 

The F, hybrids were intermediate between the 
parents in plant type, although the panicles were 
very similar to those of 0. minula. All hybrids were 
triploid, having the ABC genomic constitution, 
and were completely male sterile. 

The hybrids were then backcrossed with the 
recurrent parent(IR31917-45-3-2). From a total of 
31,850 spikelets pollinated, only 7 small, shriveled 
BC, seeds were produced. After embryo rescue, 
four plants were obtained, two of which died, 
presumably because of abnormalities in chromo
somal constitution. Fhe remaining two plants were 
tetraploid (AABC), possessing two genomes of 0. 
sativa (AA) and one copy of each of the two 
genomes of 0. mi/tta (BC). The two AABC 
tetraploids were further backcrossed, giving seed 
sets of 0.05(7j and 0.02%. From the 10 poorly
developed BC2 seeds produced, 9 embryos were 
extracted. Only two embryos germinated, pro
ducing two viable C,plants, whose chromosome 
number will be determined upon flowering. 

The success of BC, production was limited by
the high female sterility in the F, hybrids. The 
production of amphiploids through colchicine 
treatment of the hybrid is an alternative route to 
the advancement ofthis cross. Colchicine treatment 
of the 0.saiva/O.minuta hybrid (ABC) should 
dotib!e its chromosome number and produce 
amphiploids (AABBCC) with higher fertility than 
the original hybrids. Upon backcrossing, the 
amphiploids should yield higher frequency ofa 
BC, plants. 

Amphiploid production was attempted by the 
treatment of 1,085 young nodally derived shoots 
with 0.05% colchicine plus 1.5% dimethyl sul
phoxide for 48 h. Although shoot mortality was 
high, 55 survived and produced vigorous plants.
Nine of these were partially fertile, producing 
pollen-bearing anthers and 163 selfed seeds. These 
seeds are currently being grown to determine their 
chromosome constitution. 

These partially fertile plants were also back
crossed with IR3191745-3-2, further producing 12 
BCi seeds. Of the nine embryos extracted, four 

Table 12. Seed set and embryo rescue data from crosses of 0. sativa (IR31917-45-3.2) with seincted 0. minuta accessions. 
IRRI, 1987. 

O. mirua Spikelets Seed set Embryos Embryos that True
accessionn. pollinated cultured germinated hybrids(no.) no. % (no.) obtained 

io. % 
 (no.)
101089 529 16 3.0 10 6 6n.o 4
101096 1117 43 
 3.8 1 
 0 -
101099 213 
 0 0 0 
 - -
101141 
 1553 
 66 4.2 29 14 
 48.3 14
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germinated, increasing the numbei of BC, plants 
available to six. 

Inaddition to their BPH and WBPH resistance, 
IR31917-45-3-2 and 0. minuia (101089, 101141) 
differ in their response to the Philippine isolates of 
bauterial blight (BB) and blast (BI). Both parents 
and hybrids have been tested for their resistance to 
each pathogen (see section on Disease Resistance). 

Transfer of genes affecting yield potential (Plant 
Breeding). The potential of wild Orvza species as 
sources of genes capable o!" increasing the yield 
potential of cultivated rice isbeing explored. Two 
approaches are being pursued: 1)the transfer to 0. 
sativa of genes from species having high biomass 
and leaf area but a different genomic constitution, 
and 2)the transfer of genes from closely related AA 
genome species, 

For the first approach, two high-yielding 
irrigated rice varieties (IR36 and IR64) were 
crossed with four accessions of 0. latifolia 
(CCDD), using 0. sativa as the female parent. Seed 
sets ranged from 0 to 19.7% (Table 13), and in all 
cases the hybrid seed was poorly developed. Fol-
lowing embryo rescue, embryo germination ranged 
from 0 to 89.3%. These F, hybrids are currently 
being backcrossed with their respective recurrent 
parents (IR36 or IR64), and colchicine treatment is 
under way for amphiploid productioi,. In this 
cross, an additional method ofcolchicir. treatment 
involving immersion of the roots 41u crown of 
young hybrid tillers in colchicine sol ition for 5 h is 
being used. Procedures such as addition line 
production and the induction of translocations will 
be used to facilitate the int~ogression of genes 
influencing yield potential from 0. latifolhainto 0. 
saliva, 

The second approach involves the transfer of 
traits from the AA genome species 0. nivara and 
0. rufipogon ("0.perennis")into cultivated rice. In 
this case, gene transfer should result from inter-
specific chromosome pairing and recombination in 
the F, hybrid and later generations. The strategy is 
to advance the hybrids by selfing and backcrossing, 
thereby creating aseries of segregating populations 
derived from F1, BC, F1, BC2F1, BC3F1,and BC4F1 
plants. The extent of variation for yield potential-
related, .meters will be simultaneously assessed 
in the diffelent populations under field conditions. 

For this study, crosses were made between 0. 
sativa(IR36,IR64) and five accessions of 0. nivara 

(101973, 103422, 103826plant#1, 103826plant#3, 
103839) and between 0. saliva (IR54, IR64) and 
four accessions of 0. rufipogon ("0. perennis") 
(100692, 100907, 103817, 103848). The seed sets 
obtained from the 0. nivaracrosses ranged from 
9.1 to 62.2% in crosses with IR36 and from 13.9 to 
28.9% in crosses with IR64 (Table 14). The first 
batch of hybrid seed was sown, and these plants 
were backcrossed with the recurrent 0. saliva 
parent, giving seed sets of 11.3-39.2%. Hybrid 
pollen fertility was high, ranging from 70 to 90%, 
and consequently F2 seed was obtained from all 
plants. The seed sets from the 0. rufipogon ("0. 
perennis") crosses ranged from 18.5 to 73.0% in 
crosses with IR54, and from 28.1 to 62.8% in 
crosses with IR64 (Table 14). Backcrossing with 
the recurrent parent gave seed sets ranging from 5.3 
to 23.1%. Pollen fertility of -he IR54/ 0. rufipogon 
hybrids varied considerably between individual 
plants, indicating that a genetic incompatibility 
mechanism may be operating in this cross combina
tion. It may therefore be necessary to eliminate the 
1R54 cross combinations from this study. In. 
comparison, the pollen fertility of the IR64/O. 
rufipogonhybrids ranged from partial (31-70%) to 
full (91-100%); the majority showed fertility levels 
of 71-90%. Backcrossing with IR64 resulted in seed 
sets of 12.4-22.9%. Additional F1 hybrid plants will 
be backcrossed and selfed, and BC1F1 plants will 
be sown to produce BC2F1 progeny. 

Evaluation of Oryza glaberrimaunder upland 
conditions (PlantBreedingandSoils). Upland rice 
is often exposed to adverse soil conditions, one of 
which is P deficiency. 0. glaberrimaiscultivated in 
West Africa, often under an upland environment, 
and may therefore be a potential source of tolerance 
for such adverse soil conditions. With the help of 
the Soils Department, 881 accessions of 0. 
glaberrimaobtained from the International Rice 
Germplasm Center wereseeded during 1987 DS at 
a P-deficient upland trial site (Luisiana, Laguna) to 
explore the level of variation within this species for 
tolerance for P deficiency. The 0. glaberrima 
accessions were classified into apparent upland and 
deepwater types. Two resistant checks (IRATIO4 
and Azucena) and three susceptible checks (Plah 
Sew, Pokkali, and IR32307-107-3-2-2) were 
planted at regular intervals throughout the two 
replications. Fertilizer levels were minimal (pre
seeding application of 25 kg N/ha as (NH4)2 SO4 
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Table 13. Seed set and embryo rescue data from crosses of 0. sativa (IR36, IR64) with selected 0. latifolia accessions.
IRRI, 1987. 

Spikelets Seed set Embryos Embryos thatCross combination pollinated cultured germinated 
(no.) no. % (no.) 

no. % 
IR36/Acc. no. 100963 254 11 4.3 10 7 70.0IR36/Acc. no. 100964 413 4 0.1 4 0 0IR36/Acc. no. 100965 430 4 0.1 4 0 0IR36/Acc. no. 100966 454 33 7.3 28 25 89.3 
IR64/Acc. no. 100963 501 26 5.2 24 15 62.5IR64/Acc. no. 100964 269 0 0 -
IR64/Acc. no. 100965 429 -IR64/Acc. no. t00966 472 

0 0 
69a93 19.7 54 78.3 

aEmbryos extracted from only 78 of the total 93 seeds. 

Table 14. Seed set obtained from 0. sativalO. nivara and 0. sativa/O. rufipogon ("0. perennis") crosses and backcrosseswith recurrent parent. IRRI, 1987. 

Hybrid Backcross 
Plants Hybrid pollenCross combination Spikelets Seed set backcrossed Spikelets Seed set fertilitypollinated (no.) pollinated a range


(no.) no. % (no.) no. % 

0. nivaraIR36/101973 22 2 9.1 0 -...
IR36/103422 163 42 25.8 2 433 71 16.4 FIR36/103826-1 39 15 38.5 0 - - -IR36/103826-3 37 23 62.2 1 278 109 39.2 FIR36/103839 181 E1 44.8 2 881 249 28.3 F 
IR64/101973 
 339 55 16.2 4 1021 
 115 11.3 F
IR64/103422 
 72 10 13.9 
 4 653 116 17.8 F
IR64/103826-1 256 
 74 28,9 4 
 817 135 16.5 F
IR64/103826-3 
 378 109 28.8 4 1207 412 34.1 F
IR64/103839 271 
 55 20.3 4 
 987 207 21.0 F
 

0. rufipogon ("0. perennis")IR54i100692 
 92 17 18.5 0 
 - - -IR54/100907 
 108 35 32.4 5 1388 320 23.1 CS-F
IR54/103817 89 65 73.0 3 454 24 5.3 CS-F
IR54/103848 163 87 53.4 3 234 54 23.1 PS.F 
IR64/100692 146 41 28.1 4 757 173 22.9 PF-FIR64/100907 116 62 53.4 4 913 203 22.2 FIR64/103817 
 128 36 28.1 5 1753 217 12.4 
 F-FF
IR64/103848 78 
 49 62.8 5 
 1090 149 
 13.7 PF-FF
 

aCS (completely sterile)
= 0%, PS (partially sterile)11-30%, PF (partially fertile)31-70%, F (fertile) = = 71-90%, FF
(fully fertile) =91-100%. 

and 25 kg K/ha as muriate of potash followed by sions showed little tolerance for P deficiency,25 kg N/ha at maximum tillering). Very few 0. certain accessions showed earlier vegetative vigorglaherrima accessions showed tolerance for P and a higher tillering ability than the tolerant
deficiency. Of the 881 accessions screened, 63 were checks. The greater vigor of accessions such asselected for rescreening under similar conditions in 103329, 103350, 104174, 104232, 104278, andCaliraya, Laguna, during 1987 WS. High levels of 104527 will be studied further under controlled
BI infection Jemonstrated a degree of genotypic conditions. 
variation for BI resistance. Although these acces
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t3I(CHIMICAI. MARK-RS 

Plant Breeding Departnent 

Methodological studies. Studies to identify new 
polymorphic genes coding for isozymes and 
analyze isozyme expression in various organs have 
been pursued. The following isozyme genes have 
been found to be reliably expressed within micro-
spore callus cultures derived from several varieties 
and crosses: Ad/i-I. Sdh-l, lcd-I, Cat-I, Pgi-1, 
Pgi-2,Pgd-l Pgd-2. Got-I, Got-2, Amp-I, Amnp-2, 
Amp-3, Amp-4, Amy-I, Acp-2, Acp-3, Acp-4, Evi-
l, Est-2, Et-9, and Mal-I. 

Use of isozyme markers to monitor genetic 
segregation and recombination. In rice intraspecific 
remote crosses, natural isozyme polymorphism 
permits handling the Fis readily used in current 
breeding programs with a high number of hetero-
zvgous isozyme markers that are mostly scattered 
on the rice chromosomes. Thus, analyzing the 
isozvmc constitution of F, plants or of anther 
culture lines derived from such crosses provides an 
insight into genome recombination events, It can 
also help detect restrictions to the genetic re-
combination and segregation due to the specific 

action of hybrid sterility factors or to in vitro 
selection. An example of segregation of hetero
zygous isozvme markers observed in plants,F2 
anther culture calli, and anther culture lines 
togetherderiving from ajaponica/indica F, cross, 
isgiven in Table 15. The significant deviations from 
the expected ratios observed within the F, at loci 
Pgd-I. Atp-4, and ltn)j-2 -- likely related to the 
selection and certation that occur in rice distant 
hybrids---also occurred within the anther culture 
derivatives. Moreover, the anther culture process 
seems to generate in this cross additional weak 
deviations at loci Pgi-I and Ev'-7 toward the 
japonica allele, since they are not noted among 
the F2 popuiation. However, the rough linkage 
estimates based on F2 data are compatible with 
estimates based on F2 data and data previously 
recorded on other F2s (Fig. 12). 

Isozyme classification. In addition to 14 isozyme 
loci already located on specified chromosomes, 
new genes are being located through trisomic 
analysis. Linkage studies have determined the 
association of isozyme loci (i.e., Amp-3, Est-2, and 
Pgi-2) on chromosome 3 with agronomic traits 
such as wide compatibility and photoperiod 

Table 15. Comparison of segregatii 13 heterozygous isozyme markers among F2 plants, anther culture-derived calli,
and anther culture-derived lines of t. is IRAT177/Apura.a IRRI, 1987. 

Segregation
Isozyme marker IRAT177 Apura 

F2 progeny Anther culture- Anther culture
derived calli derived lines 

lcd-1 F S 54: 95:40 ns 234:210 ns 24:18 ns 
Pgi-1 F S -45: 94:50 ns 182:264 S 14:28 So
Sdh-1 F S 43:102:44 ns 2 16:226 ns 24:18 ns
Pox-2 A P 47:142 ns b 21:21 ns
Acp-1 F S 49: 93:43 ns 92: 90 ns 19:23 ns 
Acp-2 A P 44:144 ns C 25:17 ns
Est.9 S F 57: 87:43 ns 214:186 ns 18:24 ns 
Amp-2 S F 50: 74:64S °*  186:258 S** 18:24 ns 
Pgd.1 F S 63: 71:44S** 293:137S** 29:13 S
 
Acp-4 S F 37: 31:24S6* 

c 30:126S 
Esr-1 
 A P 41:148 ns 135:115 ns 24:18 ns 
Est-7 P A 30: 86 ns b 14:28 S* 
Ma/-1 S F c 131: 596"* 

aTillers at booting for AC-derived line production, as well as F2 seeds, were harvested on the same F1 plants in Guadeloupe
during 1986 DS. F 1 anthers for anther culture-derived calli production were plated at IRRI during 1987 WS.Allelu desig
nations adopted are F (fast) vs S (slow) when thp parents differed in the migration speed of the allozymes, and A (absence)
vs P (presence) when the parents differed in the presence of a band. SS:SF:FF or AA:AP+PP for the F2 progeny and SS:
FF or AA:PP for the anther culture-derived calli or lines. Chi square tests for homogeneity: F2 fit to a 1:2:1 or a 1:3 
segregation; anther culture-derived calli or lines fit to a 1:1 segregation; S* = significant at the 5% level; S°* = significant
at the 0.5% level; ns = not significant at the 5% level. birozymes not detectable in microspore callus analysis. CNumber 
of samples successfully analyzed too small. 

c 
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anther wall. Pollen grains can also be naturalMaterial: cellular "vectors" and can be used in genetic33.7 transformation studies.F2 untocated: Acp-4 Est-7 

Acp-2 On the other hand, efficient protoplast culture is 
Chromosome 6: Sdh-1 102 Pox-2 27.8 6.8 a prerequisite to successful research on geneI transfer. Protoplasts could also function as

Am-1 "gametes" in somatic hybridization and may solve 
L _I sexual incompatibilities in distantly related species.

34.9 Anther and isolated pollen culture. Genetic 
DH unlocated: Acp-4 238 Est-7 Acp-2 studies on callus formation and green plant

I regeneration abilit' in anther culture. The mode of 
Chromosome 6: Sdh-1 -..... _ Pox-2 - 3 4.8 inheritance of callus formation and green plant 

I regeneration was investigated using 16 genotypes 
Acp-1 froin a 4-parent diallel set. Understanding of this 

357 I mechanism is important in transferring these 
35.7 _ characteristics from highly culturable into recal

12. Representation of the linkages among isozyme markers citrant varieties. Data showed the preponderance
estimated from F, plants and anther-culture lines derived from of additive gene effects and the presence of partial
the cross IRATI77, Apura. F, recombination rates evaluated dominance the control induction.in of callus
through the maximum likelihood method. DH rough estimates Callus induction was likewise shown as a recessiveobtained directly Irom anther culture~ line data. character. Reciprocal differences in callus induc

tion were nonsignificant, indicating that this
sensitivity. Rice germplasm is routinely classified character is solely nuclear.
 
by isozyme polymorphism. As many as 700 upland The predominance of additive gene effects 
on
and deepwater entries another of 144 was observed.and set the control of plant regeneration
varieties carrying different Xa genes for BB Moreover, the absence of maternal effects and the
resistance (Table 16) have been assigned to their fact that green plant regeneration is a recessive 
respective groups. A reference set of 300 varieties character controlled by only a few genes were also 
has been classified for studying disease resistance, noted. 

Establishment ofa protocol on isolated pollen 
"ulture. Taipei 309, considered a model variety in 

TISSUE CULTURE anther culture because of its high efficiencies of 
Plant Breeding Department callus induction and plant regeneration, was used
 

to establish a protocol for isolated pollen culture.

In recent years, research on rice tissue culture has The importance of cold shock and preculture of

employed mainly anther and somatic cell cultures, anthers was observed. Addition of the amino acid 
with occasional embryo rescue techniques. The 
scope of our tissue culture research was expanded
in 1987 to include two other techniques-isolated Table 16. Isozyme classification of some varieties carrying
pollen culture and protoplast culture, the Xa resistance gone to bacterial blight. IRRI, 1987. 

The benefit derived from isolated pollen culture Varieties (no.) in Varieties 
isthe same as that in anther culture, i.e., shortening Varieties each isozyme group successfullythe breeding cycle by immediate fixation of homo- Xa group analyzed classified 
zygosity. In addition, isolated pollen culture (no.) I II Ill IV V VI (W)
permits manipulating the microspores in the same Xa-3 54 4 6 0 0 7 35 96.3 
manner as single cells for possible selection of Xa4 28 26 0 0 0 0 0 92.8 
pollen grains that carry the genes coding for xa-5 55 11 41 1 0 0 0 96.4 
resistancetoaparticularstress. Thistechniquealso Xa-7 3 0 3 0 0 0 0 100.0 
eliminates the possible inhibitory effects of the Xa-10 4 4 0 0 0 0 0 100.0 



proline at callus induction increased plating 
efficiency and subsequent plant regeneration. 

Somatic cell culture. f/.'ct of seed specific 
gravit Ion callus indutctiont and palant regeneration. 
One of the indices of successful research is the 
ability to repeat results. Wide variation in results 
has been common with in vitro experiments. Thus, 
the starting materials in this case seeds were 
graded according to specific gravity to determine 
its effect on the distribution of the true values, 

By grading the grains 	of varieties Nona Bokra 
and IR28, a lower standard deviation of the means, 
both in callus production (Fable 17) and in plant 
regeneration (Table 	 18), was observed. This 
indicates inarrow range of distribution of the true 
values of these two parameters. It is best to select 
high-density grains because they give the highest 
efficiencies in terms 	 of callus and green plant 
production, the reason for which may be the 
optimum kernel development required for in vitro 

culture studies. 
Protoplast culture. The factors significant in the 

isolation, culture, cell division, callus induction, 
and plant regeneration of rice protoplasts were 
assessed to establish a more or less standard 
procedure for successful protoplast culture. In this 
respect, cell suspension cultures ofjaponica, indica, 
and wild rice species were established. To date, a 
number of protoplast-derived calli and sustained 

Table 17. Effect of 2,4-D concentration in Linsmaier and 
1987. 

cell division have been obtained from two geno
types each of japonica and indica varieties. 
Regeneration from protoplast-derived calli has 
been possible. 

Production ofhomozygous Enesthroughanther 
culture. Anther culture for tl,: production of 
homozgous lines from crosses made for tolerance 
for adverse conditions has been f ,yimplementcd. 
Because soil and environmental stresses are site
specific, this part of our research has been primarily 
in collaboration with 	national programs. 

Table 18. Green plant 	 regeneration from grain-derived 
callus of Nona Bokra in Linsmaier and Skoog culture 
medium containing 5.0 uM benzylaminopurine and 2.5 
uM naphthaleneacetic acid. IRRI, 1987. 

Grain 
classificationa 

Ungraded 
Graded

1.1>SG>1.0 


1.2>SG>1.1 


SG>1.2 


aSG = specific gravity. 

Plant Av number 

regeneration of plants 
efficiencyb per callus(%) 
 inoculated 

36.11 ±12.48 1.22 ± 0.60 

5.56 ± 3.51 0.14 ± 0.09 
33.33 ± 7.45 0.81 ± 0.19 
61.11 ± 5.56 2.11 ±0.23 

b% efficiency = no. of plant-producing calli 
total no. of calli inoculated 

x 100 ±standard deviation of the mean. 

Skoog culture medium on percent callus production.a IRRI, 

Callus production (% in 2,4-D concentrationGrain classificationb 

0 2.5/aM 5.0pM 10.0/aM 

Nona Bokra 
Ungraded 	 36.11 ± 13.17 52.78 ± 10.00 66.67 ± 11.38 63.89 ± 9.04 
Graded 

1.1>SG>1.0 5.56 ± 2.87 19.45 ± 3.69 22.22 ± 3.51 19.45 ± 2.78
1.2>SG>1.1 63.89 ± 2.78 72.22 ± 3.51 75.00 ± 3.72 72.22 ± 3.51
SG>1.2 72.22 ± 3.51 83.33 ± 4.30 88.80 ± 3.51 77.78 ± 3.51 

IR247 
Ungraded 	 5.56 ! 2.87 16.67 ±E.61 19.44 ± 14.72 25.00 ± 10.97 
Graded
 

1.1>SG,;1.0 	 0 2.78! 2.54 8.34± 2.63 8.34 ± 4.81
1.2>SG>1.1 	 5.56 ± 2.87 11.11± 4.30 16.67 ± 3.04 13.89 ± 3.66
SG>1.2 11.11 ± 2.03 16.67 3.04 19.45 ± 3.69 25.00± 5.69 

a% callus production = 	 no. of callus-producing grains X 100 i standard deviation of the mean. bsG = specific gravity. 

total no. of grains inoculated 
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The number of crosses and green plants so far 
regenerated through anther culture in various 
collaborative projects is summarized in Table 19. 
The hoinozygous lines developed ,from the F, 
hybrids were sent back to the collaborating colitMr 
or scientist for screening and selection. Infotrnmal 
collaboration has also been established with 
Pakistan, I)ominican Republic, Indonesia, and 
.Japan. 

One out of three lines tested for cold tolerance in 
different locations by the ln,,:rnational Rice 
Testing Program (international Rice Cold Toler-
ance Nursery) was comparable to the resistant 
check Steiaree 45. This line, which was derived 
f'om Taipei 309 and Tatsuni mochi, was also cold 
tolerant under field conditions in Chuncheon, 
Korea, in 1984. 

In our collaboration with plant breeders for 
obtaining salt-tolerant lines through anther culture 
from F, crosses, 14 lines were identified to be salt 
tolerant tinder field conditions. Three of then were
given t(o ie iPlant P'hysiology Departmaent for salttolerance screening. These lines, derived f)roa 

indica, aponica I, crosses of IIZ4630-22-2-5-1
3. Pokkali and 1R5657-33-2/ 1R4630-22-2-5-1-3, 
showed salt tolerance and, though not as tolerant 
as the check Pokkali, had better plant type. 
Furthermore, tile ant her culture-derived lines were 
more tolerant than most of the IR varieties 

sinlltancously tested. 
Field tests at four sites in Iloilo (San Dionisio, 


Pill, L~arjagan, and Santo Rosario) during 1987 

)S included some of those salt-tolerant materials. 

Ol the 1,544 entries, most of which were obtained 

Table 19. Data on green plant regeneration in various col-
laborative projects on the production, through anther 
culture, o homozygous lines tolerant of adverse condi-

IRRI, 1987. 

Crosses Calli (no.) GreenCroses Carprodcing plno sGI 
Adverse condition plated for produc ng plantsanther culture green produced 

(no.) plants (no.) 

Cold tolerance 32 1,898 11,450 
Resistance to blast 25 70 781 

and hoja blanca 
Upland conditions 107 361 1,988 
Salt tolerance 101 119 1,622 

through conventional breeding, only those ob
tained from anther culture survived (tile highly 
saline conditions. In addition to salt tolerance, the 
anther culture-derived plants showed a high degree 
of honioygosity. Although lu rt her testing is 
needed, the preliriinarV results aie \cry cncotur
aging and seem to Ienoistrate the elliciency of 
generating plants for adverse conditions through 
alnlher culture. 

Twenty-five Fl upland crosses were selected for 
anther culture and out of these crosses, a total of 
297 anther culture plants were regenerated and 
planted in observational plots (Table 20). The 117 
anther culture lines selected in 1987 DS were 
further evaluated during the WS planting. After 
the evaluation, 53 promising lines were identified 
for RYTs in different locations. The criteria used in 
sclection included earliness, plant height <100 cm, 
and long panicles with high fertility. 

Table 20. Selected anther culture.derived lines from F1upland crosses. IRRI, 1987 DS. 

Anther Selected lines (no.) 
Cross culturederived 1987 1C97 

lines (no.) DS WS 

IRAT112/IAC47 8 8 6
IAC47/IRAT112 

24 10IAC47/Burik 72 33 10
 
Burik/IAC47 24 0 -

Kinandang Patong/Burik 10
Burik/Kinandang Patong 1 20 -0 

UPLRi-5/IAC25 2 0 -
IRAT 12/A;ucena 4 3 3
 
Azucena/IRAT1 12 21 8 6
 
Chandarhat/IAC47 15 6 
 0
 
IAC47/Kinandang Patong 9 9 6
 
IR97644522/IAC47 1 1 0 
UPLRi-5/IAC47 25 4 0 
IAC25/GS529 8 1 0ARC7098/IAC25 1 0 -IAns. 2 0 -IAC25/ARC7098 

IR9764-45.2-2/IRAT1 12 4 1 0R9 764-45-2-2/Azucena 5 0 -

IAC47/IRAT13RT3AC71 13 1392 2 

IRAT13/IAC47 11 9 2Chakula/IAC47 4 0 -

IRAT 112/lAC25 27 10 10 
UPLRi-5/IRAT13 4 0 -
IRAT13/UPLRi-5 1 0 -
Burik/IRAT112 1 1 0 

Total 297 117 53 
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Table 21. Yields of some breeding lines developed through the modified bulk pedigree method, compared with those of 
best available check varieties developed through the conventional pedigree method. IRRI, 1987 DS and WS. 

Yield (t/ha) 

Line or variety 1987 DS 1987 WS General 

No N120 Mean No N 120  Mean mean 

Short duration 
IR47067-B-B-94 6.8 5.97.0 3.8 3.0 3.4 5.2 
IR47067-B-B-223 6.1 6.0 6.0 1.9 1.6 1.8 3.9
 
IR47067-B-0-12 5.5 6.3 5.9 
 3.8 3.8 3.8 4.8
 
IR47092.B-B-230 6.0 6.2 6.1 
 2.1 2.3 2.2a 4.2 
1R46998.6-B-129 5.3 6.2 5.8 2.5 1.9 2.2 4.0 
IR47068.B-P-324 5.1 6.1 5.6 3.1 3.2 3.2 4.4 
IR58 (check) 2.5 3.0 2.8 - - -

IR64 5.6 6.5 6.0 2.1 1.9 2.0 a 
 4.0 
IR66 5.8 6.1 5.9 3.5 3.0 3.3 4.6 

LSD (5%) 1.2 0.70.6 0.7 

Medium duration 
IR51618-B-B-15 5.8 5.9 5.8 2.5 1.4 1.9a 3.9 
IR51618.B.B-212 5.8 5.4 5.6 3.2 1.8 2.5 4.0 
IR47098-B.B-470 5.4 5.8 5.6 2.3 1.5 1.9 3.8
 
IR51617-B-B-52 5.1 5.4 5.3 1.2 1.1 1.2 3.4
 
IR47098.B-B-250 5.1 5.1 5.1 3.1 2.1 2.6 3.8
 
IR64 4.0 4.6 4.3 2.1 1.9 2.0 3.2

IR54 5.3 4.6 5.0 1.6a 
 3.3 
IR66 -  - 3.5 3.0 3.2
 

LSD (5%) 0.8 1.0 0.9 0.9
 

aYield unusually low because of severe tungro. 

MOI)IFII) BUIlK PEI)IGREE METHOD TO BREED differences in the yield performance in the No and 
FOR HIGHER RICI YIEI.I) N120 levels, perhaps because the fields were planted 
Plant Breeding Department to rice for the firt time and native fertility was 

high. Yield data from the two trials (Table 21)
The breeding approach earlier designated as direct indicated yield superiority of two early-maturing
selection for yield in early generations (Annual lines IR47067-B-B-94 and IR47067-B-B-12 devel
reports for 1985 and 1986) was redesignated as the oped through the modified bulk pedigree method. 
modified bulk pedigree method. Twenty-seven They will be evaluated further by agronomists and 
promising lines developed by this method were physiologists at IRRI to test their yield perfor
evaluated in RYTs under 2 fertility levels (No and mance under various fertilizer management and 
Nl20) in 1987 DS. Eleven lines (6 early and 5 of cultural practices. 
rnedium duration) yielded numerically higher in No Encouraged by these results, we have also 
or N120 than the check varieties of corresponding initiated detailed studies in a set of crosses to 
growth durations; these lines were reevaluated in compare the relative efficiency of the modified bulk 
1987 WS along with newly identified lines from pedigree and conventional pedigree methods in 
additional crosses. The WS trials were severely breeding for higher yield potential. 
affected by tungro. We did not observe striking 
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GERMPLASM BANK 

Statistics Department and hiternational Rice 
Germplasm Center 

At the end of the year, the germplasm bank (GB)
databank contained information on the 45 basic 
morphoagronomic characters and 35 GEIJ traits 
(Annual report for 1983) of 72,482 accessions. 
During 1997, 7,737 newly registered accessions of 
Orvza sativa and basic morphoagronomic data on 
4,725 existing accessions were updated. 

Data on 18 GEU traits were added to the GB 
databank in 1987 (Table I). The number of 
accessions per trait averaged 5,082. 

Decentralization of GB computerized data
processing was accelerated with the following
activities: 

* increased availability of microcomputers inIRR1 research departments and the associated 
computeerc deproen ts the sn 
computer proficiency of the staff,* installation of the SQL.: DS-based 

instllaionoftle QLIDS- sedGl"'Ijdatabase management system (DBMS), and* implementation of Pha,;e I of IRRIGEN (a 
implmenttiohw'; I f' IRIGE (aofmicrocomputer-based system for computer-

izing International Rice Germplasm Center 
operations), concerning the managemnt of 

Table 1. Update of data oo Z-EU traits added to the germ. 
plasm bank databank. I RRI1, 1987. 

Updated Accessions 
GEU trait records with data 

-Bacterial blight 
Blast 
Brown planthopper 

7,980 
2,521 

48,149 
35,146 

Biotyoe 1 
Biotype 2 
F1ktype 3 

22,517 
5,598 
6,817 

44,335 
10,053 
13,020 

Amylose
Gelatinization temperature 

11,401
6,593 

29,021 
26,234 

Drought
Seedling vigor
Rate of recovery 

3,752 27,763 

After first stress 3,752 20,767 
After second stress 
Early veletative phas3 

3,752 11,1" 1 

Eary vgettivphse3,752Late vegetative phase 
Reproductive phase 

2,590 
1,173 

25,950
17,650 
10,908 

Field tolerance (300-400 kPa)
Field tolerance (900-1000 kPa)
Rate of recovery afte,' exposure

to 900-1000 kPa 
Flood tolerance 

3,361 
3,861 

3,861 
1,218 

4,168 
3,650 

3,651 
9,501 

Cold tolerance 1,899 6,497 

seed and data that are related to the GB 
databank such as the processing of incoming 
seed, the rejuvenation scheme, and the direct 
encoding of morphoagronomic data. 

With decentralized management, the encoding.
validation, Lnd update ofdata for the GB databank 
as well as information retrieval are done by the 
concerned GEU scientists themselves (i.e., those 
who are rcspon:;ible for the collection and manage
ment ofdata on specific traits). This has resulted in 
the speedier and more accurate updating of data 
into the databank and better utilization of data 
from it. 

International Rice Testin Program
InternationalRice Testing Progran 

Two new nurseries were incorporated in the 
computerized systems of the International Rice
Testing Program (IRTP):esig rgrm(1T) 

* IRGQSS--- InternationalS S-einet Rice Grain Quality
Screening Set 

* IRUSS -- International R:ce Ufra ScreeningSet 
Se w 

A system was develop for managing incoming
seed and new dromination data. The form com
pleted by the cooperator was revised to facilitatedata encoding. Listings of new nominations by 

country and by nursery were printed to provideinformation needed for composing nurseries. 
Nominations to the 1987 and 1988 nurseries were 
processed. For 1987, 702 entries were nominatedby cooperators from 16 countries, and for 1988,
841 entries were nominated by coopcr ators from 12 

countries.
 
System development continued for the creation
of a highlighted or best-performing entries file by
 

nursery Files were created for 17 nurseries withcomplete data for a! years. 
come ar ad yeaPreliminary rsand final reports for 1986 were 
generated 'or 23 nurseries. Individual nursery and 
master fieldbooks for 1987 were also generated.
Nursery entries for 1987 included 406 from IRRI
and 604 from national programs. Seed increasefieldbooks for the 1987 dry and wet seasons were
also printed for IRTP entries planted in 2,964 

plots.
By the end of the year, the IRTP master entry filehad 11,798 entries, 8,969 of which had been tested 

in nurseries. 
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EVALUATION OF BREEDING LINES 
Plant Breeding Department 

In 1987, the International Hybridization Block 
(IHB) was computerized. The addition of data on 
this nursery to the system permits automatic 
retrieval of infirmation on the parentage of IRRI 
crosses made from IH B materials, 

The system now provides frequently retrieved 
information through reports available from the 
Plant Breeding Department records room. These 
include: 

" list of all entries ever tested in the hybridiza-
tion block, replicated yield trials (RYT), 
observational yield trials (OYT), and elite 
lines, 

" summary data on all entries tested in the 
lvbridization block, RYT, and OYT; and 

* summary data on all IRRI released varieties 
based o.. tests conducted in the hybridization 
block, RYT, and OYT. 

Field :.,,ks and data sheets for plant breeders 

and other GEJ scientists were generated. Informa
tion on entries tested in the Plant Breeding

l)epartment was provided to IRRI staff and to 

other agricultural researchers. Data on the entries 

tested dur'.ig the year were added to existing
 
computer files: 3,231 new F, crosses weie added to 

the history-of-IRR]-crosses file. Some 3,236 

advanced generation lines were also tested in the 

yield trials. 


INTERNA'TIONAL RICE GENETIC SURVEY 

Communication and Publications Department 

The International Rice Genetic Survey was estab-
lishtJ in 1978 to build a permanent databank on 
the genetic ancestry of rice varieties and on 
hybridizations made by national programs. IRRI 
now has on file 69,000 crosses made in national 
programs, plus genealogies of almost 1,000 post-
IR8 varieties released by national programs, and 
1,600 pre-lR8 varieties that farmers still grow or 
that rice breeders use as parents in crosses. 

"Progenitor cards" are filled out on the parents 
of all cultivars, and on their parents, down to the 
ultimate land races. Scientists anywhere can request
genealogies of varieties or breeding lines. IRRI can 
now trace the ancestry of most cultivars back to the
landTotal 
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The data are being computerized in a format 
compatible with the history-of-IRR -crosses con
puter program (60,000 IR crosses). When the 
project is completed, we will have a worldwide 
computer program on the genealogy of rice 
varieties and crosses. The information might be 
made available on CD-ROM (compact disc-
read-only memory',. 

Not only can the computer pi cgram be used as a 
tool to determine sources of genetic resistance, but 
it can also help measure the degree, of genetic 
diversity in rice. The system could aleo be useful if 
rice researchers, like animal scientists, develop 
measurements of consanguinity. 

To make the program effective, IRRI must not 
only obtain as many ol the older breeding records 
as possible, but must continuously update the 
system with new crosses and varieties. 

Table 2 summ.. zes current IRGS data. IRRI 
would appreciate uaplicate lists of crosses made at 
national researcii centers, and genealogies of both 
old varieties and those new to the file. 

Table 2. Genealogica. and hybridization dart (no.) gath.
ered through the Internutional Rice Genetic Survey.IRRI, 1987. 

Varieties 
Pre-IR8 varietiesPost-IR8 varieties 1,587923 
Elite br-.eding lines 219 
Progenitors 2,013 

Subtotal 4,742 

National crosses 
Argentina
Australia 

118 
1,129 

Bangladesh 4,483 
Brazil 176 
BurmaDominican Republic 1,318283 
India 11,775 
Indonesia 
International Institute ofTropical Agriculture 

5,792 
2,118 

Iran 288 
Japan 
KoreaNepal 

311 
23,143

817 
Pakistan 2,555 
Philippines 
SriLankaThailand 

154 
1,617

11,196 
United States 2,409 

Subtotal 69,682 

74,424 
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COMPUTER SERVICES FOR DATA MANAGEMENT 

Computer Services 

Mainframe conputer resources were used mainly 
for inventory, characterization, and information 
handling in the GEU program. Because ofthat, the 
demand for central computer facilities continued 
to grow throughout 1987. Central processing unit 
(CPU) utilization was 44%. The major growth area 

was in data storage and data processing (data 

management), particularly with the introduction of 
the GEU-SQL databases. The move toward 
DBMSs resulted in an increased need for disk 
space, which is now at a critically high utilization 
level of 96%. 

A corresponding rise in CPU and main storage 
usage indicates that the additional data are also 
being manipulated on the system. 
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SEE) DORMANCY 
International Rice Testing Program 

Lipids extracted from huils of dormant seed of 
variety Nagina 22 inhibited the germination of 
weakly dormant or nondormant seed of IR8, 1R64, 
China 1039, and Barkat. The amounts of four 
short-chain saturated fatty acids (SCSFAs) -- hexa-
noic (C(,), heptanoic (C 7). octanoic (Cx), and 
nonanoic (C9 ) acids---were found to he much 
highei in the seeds of N22 than in Barkat and !R8. 
There was a sharp decrease in the amount of these 
SCSFAs, falling below the levels dtectable by gas 
liquid chromatography, after subjecting the seeds 
to dormancy breaking treaiment at 50 'C for 5 d 
(Table 1). Nonanoic acid alone or in synergistic 
combinations with other SCSFAs imposes dor-
mancy that can be overcome by heat treatment. 

TOLERANCE FOR ACCELERATED AG!NG 

International Rice les/ing Program 

Sixty-eight rice genotypes, when screened for 
tolerance for accelerated aging (43 °C, 100% 
relative humidity [RH] for 8 d) showed genotypic 
differences (Table 2). Moisture uptake during 
aging did not correlate with tolerance, whereas 
lipid content and percent leachates in seed subjected 
to4 d of accelerated aging showed highly significant 
negative associatiorwiththegerminationfollowing 
the aging treatment (Table 3). The germination 
rate under low temperature (15 'C) exhibited a 
significant but negative correlation (r = -0.28), 
whereas germination under moisture stress (-10 
bars using PEG 8000) and amylose content did not 

Table 2. Varie*ies with superiora and inferiorb germination
after accelerated aging (43 °C, 100% relative humidity, 8
d). IRRI, 1987. 

Germination %) 
after accelerated 

Variety aging 

Seed Seed from 
from the 
field phytotron 

Superior 
8:;NLR75091 CNT-83-RST-40.-3 68 568 
TNAU9039-14 78 63IR25884-94-3 2 67 63 
!t39379-90-2-2-2.2 77 68
 
,hianung sen yu 13 63 67
MTU5410-14 75 75TNAU658 83 72 

Inferior 
Laxmi 3 0 
Chechon-chun.shuti 3 0
Giza 159 5 2 
IR54 10 7 
IR9782.111-2-1-2 12 8 
Mean of 6C genotypes 34.0 36.4Range 3-83 0-75 
SD 21.7 20.4 
a 

Values exceeding the mean by more than 1 standarddeviation. bValues less than the mean by more than 1standard deviation. 

correlate with aging tolerance. Preliminary studies 
suggest a relationship of the esterase isozyme 
patterns, at the Est-2 locus, with tolerance for 
accelerated aging (Fig. 1). Certain genotypes with a 
faster mobilityband allele (Est-22 ) were less tolerant 
compared with the ones with a slower mobility 
band allele (Est-21). Further investigations on this 
relationship are in progress. 

Table 1. Amounts of 4 short-ch3in saturatcd fatty acids (SCSFA) in hull and pericarp of 3 rice genotypes before and after
heat treatment (50 'C for 5 d) for breaking seed dormancy. IPRI, 1987. 

SCSFA Treatment 

Hexanoic C6 ) Beforea 

Heptanoic (C7) Beforea 
Octanoic (C8 ) Beforea 
Nonanoic (C9 ) Before 

After 

aValues after treatment are zero. 

SCSFA (Wg/g of material) 

N22 Barkat IR8 

Hull Poricarp Hull Pericarp Hull Pericarp 

567 
689 

2586 
16302 

6759 
628 
796 

2527 

799 
592 
985 

1103 

5713 
775 
865 

1017 

872 
296 
466 
445 

4458 
220 
302 
419 

615 182 332 222 82 85 
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Table 3. Correlations (r values) between the iraitsassocia. 
ted with germination following accelerated aging treat-
ment (43 'C, 100% relative humidity, 8 d). IRRI, 1987. 

Leachates Germination M 
Trait treated contentint 4-d Lipid after 8-d 

seeds of aging 

Moisture content 0.21 0.48 " °  -0.36 
ir,4-d treated seeds 

Leachates (%) in 4-d 0.8* -0.87** 
treated seeds 

Lipid content -0.83* 

- 'growth 

I. Io/%ime paterns ol esterase in rice gentyps with good and 
poom seed stonrhility. IRRI. 1987. ILelt = Est ' slower mobilityhand (good siorer). Right = 'si 22 laster mobility hand (poor
storer). 

tissue to become senescent, followed by the
epiblast, lateral and ventral scales, coleorhiza, 
plumnule, radicle, mesocotyl, and scutellum. Aclose 

association was observed between the percentage
of seed showing positive reaction to tetrazolium at 
the coleoptile and the germination percentage
(Table 4). 

GERrIINATION RATE 

International Rice Testing Program 

Evaluation of 68 genotypes for germination rate 
revealed genotypic differences (Table 5). Germina
tion rate associated negatively with 100-seed weight
(r = -0.26*), root growh rate (r = -0.85**), and 
shoot growth rate (r = -0.93**), whereas it was 
associated positively with oxygen uptake (r = 
0.50**), total dehydrogenase activity (r = 0.42**),
and free amino acid content (r = 0.82**). Geno
typic interactions were evident for germination rate 
under low temperatures (15 and 20 °C), moisture 
stress (-5 bars using PEG 8000), and post-aging
germination. Presence or absence of hull did not 
influence the germination rate. 

Path analysis indicated high direct and positive
effects of free amino acid content, followed by total 
dehydrogenase activity, on germination rate. One 
hundred-seed weight and 02 uptake influenced 
germination rate by their high indirect effects 
through free amino acid content (Table 6).

Genotypes with higher germination rate showed 
high a-amylase activity, which associated nega
tively with 100-seed weight (r = -0.60**), root 

rate (r = -0.65**), shoot growth rate (r = 
-0.63**), and seedling dry weight (r = -0.42*). A 
higher mobility band of a-amylase isozyme appeared on the third day ofgermination in genotypes 

with faster germination rates; their appearance was
delayed up to the fourth or fifth day of germination
in the slowly germinating genotypes (Fig. 2). 

Two genotypes- IR39379-90-2-2-2-2 and 
lIR9782-111- 2-1-2-- representing good and poor
tolerance for accelerated aging were subjected to 4, 
8, and 12 d of aging, and their cross sections were
stained with tetrazolium trichloride. The sequence
of embryo deterioration was the same in both 
genotypes, except that deterioration was delayed in 
the more tolerant one. The coleoptile was the first 

SEED TREATMENT 
International Rice Testing Program 

Seeds of 27 indica genotypes were fumigated with 
phosphine at 2 doses (3 and 6 g aluminum 
phosphide/ m3) for 3d and evaluated for germina
tion and vigor initially and after 3 mo of storage. 
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Moisture content of aging 
observed between the percentage 

of seed showing positive reaction to tetrazolium at0.21 the coleoptile0.48a -0.36 and the germination(Table 4). ra 

in 4-d treated seeds percentage
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Evaluation of 68 genotypes for germination raterevealed genotypic differences (Table 5). Germination rate associated negatively with 100-seed weight(r = -0.26*), root growth rate (r  -0.85**), andshoot growth rate (r = -0.93**),associated whereas it wasPositively 
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With the recommended dose of 3g rm, fumigation 
did not affect germination or vigor. With 6 g m 3", 

vigor decreased perceptibly after 3 mo of storage, 
as evidenced by increased electrical conductivity of 
the seed leachatc and decreased total deliv-
drogenase activity (Tabe 7). 

Seeds of four varicties "aere Ised to evaluate the 
effect of fumigation for different durations (3 and 
6 d) and at different levcis of'seed moisture( II and 
15('j). Six days of exposure shwed deleterious 
effects. Seeds fumigated :t 15(i moisture content 
maintained higher levels of vigor and viability 
during 3 mo of storage than those at i V' moisture 
coutent (Table 8). This was probably because of the 
beneficial hydration-dehydration effects, as the 
seeds were hydrated to 15%, fumigated, and then 
dried back to their original moisture content before 
storage. Seed treatment with benomyl or mancozeb 

after fumigation did not show any interaction with 
the fumigation effects. 

COM'ARISON OF SEED CONTAINERS UNDER 
1)1 FR IENT SIOR AGE CONI)ITIONS 
International Rice GerijlasmCenter 

In the spring of 1979, an experiment evaluated the 
suitability of 3 containers under 6 storage condi
tions for iice seed dried to 6% and 12% moisture 
content. Significant changes in seed viability 
detected during 1987 are described below. 

0 	In a subexperiment, where set,; was stored in 
polyethylene bottles in a household refrigera
tor(5-6 'C, seed initially dried to 6%moisture 
content retained 95% germinability after 
102 mo of storage, whereas in seed of 12% 

Table 7. Rice seed germination and vigor initially and 3 mo after storage as influenced by fumigation with phosphine (3 d,
11% seed moisture) at 2 dosage levels (3 and 6 £1m3 ).a IRRI, 1987. 

Phosphine Shoot 
dosage Germiation length 
(g/m3 ) (mm) 

0 97 a 108.7 a 
3 98 a 108.2 a 
6 96 a 108.7 a 

0 93 b 107.0 b 
3 92 bc 107.0 b 
6 90 c 105.4 c 

aMean of 27 varieties. bOptical density. 

Root 
length 
(mm) 

238.0 a 
238.2 a 
237.6 a 

Dry weight Electrical ronductivity Total 
(mg) of 10 (dS/m per 25 seeds dehydrogenase 

normal seedlings 

Initial 
0.100 a 
0.101 a 
0.100 a 

3 ma after 
235.0 b 
234.9 b 
230.7 c 

Table 8. Rice seed germination and vigor initially and 3 mo 
g/m 3 , 3 d) at 2 levels of seed moisture.a IRRI, 1987. 

Seedmoisture Germination Shoot Root 
content (%) length length
(%) 	 (mm) (mm) 

0.095 b 
0.094 b 
0.091 c 

after storage as 

Dry 

weight 


(mg) 

Initial 
11 95a 115.0 a 22 9.2 a 0.104 a 
15 95a 116.1 a 231.5 a 0.103 a 

3 ma after 
11 90 a 114.7 a 221.8 b 0.099 a 
15 95 a 115.8 a 230.7 a 0.102 a 

aMean of 4 varieties. b Optical density. 

in 25 ml water) activity (O.D.)b 

44.2 c 0.084 a 
44.3 c 0.085 a 
47.8 b 0.080 b 

48.0 b 0.075 c 
48.6 b 0.072 c 
54.0 a 0.064 d 

influenced by fumigation with phosphina (3 

Electrical conductivity Total dehydro
(dS/m per 25 seeds qenase activity

in 25 ml water) (O.D.)b 

47.6 b 0.080 a 
47.3 b 0.080 a 

52.4 a 0.073 a 
48.0 b 0.076 a 
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moisture content it dropped to 42%. In the 
latter case, the seed moisture content equilib-
rated at 8.3Q, while in the 6%lot the moisture 
content increased to 800, indicating that the 
bottles were not airtight. 

* 	Seed of 6'i moisture content stored in plastic 
jars in a laboratory freezer at -20 'C 
maintained 98(i viability after 96 mo ofstorage. The viability of seed packaged in 

porous paper bags declined to 8% at 96 mo. 
* 	No significant change in germinability was 

found after 96 mo for seed stored under the 
following conditions: i) seed at 6% initial 
moisture content kept in paper bags and 
plastic bottles in the refrigerator, in the 
medium-term (2°C,40% RH)storeroom, and 
in the long-term (-l0OC,37% RH)storeroom; 
2) seed of 6% moisture content kept inside 
plastic bottles in the laboratory freezer; 3)seed 
of 12% initial moisture content kept in plastic
bottles and aluminum foil envelopes inside a 
laboratory freezer; and 4) seed of 12% initial 
moisture content kept in all 3 packaging 
materials under medium-term and long-term 
conditions, 

In another long-term storage experiment set up 
in April 1963, seed at 8.5% moisture content was 
stored together with ample amounts of a de-
hydrating agent (silica gel) in an airtight glass jar 
and in a 2 'C storeroom. This practice was used in 
the International Rice Germplasm Center's 
medium-term storage system until its gradualconversion to vacuum canning in aluminum cansconersid-198 to uumcan rie ha inm ganssince mid- 1981. Two tropical varieties having grain 
dormancy (Peta and Siam 29) have kept their 
viability above the 90% level (Fig. 3), whereas a 
nondorman' variety from Taiwan (Chianan 8) has 
dropped to about 10%. The seed longevity data 
show the effectiveness of the earlier storage method 
in one of 'he longest continually monitored seed 
storage experiments on record. 

EFFECT OF SEED QUAlITY ON THE 

PERFORMANCE OF AN F, RICE HYBRID 

Plant Breeding Department 

Hybrid seed produced in bulk using natural out-
crossing on male sterile lines was found to fall into 
various 2ategories, viz., filled, half-filled, light-
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3.Seed viability pattern of 3 rice varieties stored in the 
medium-ierm room (2 *C, 50% relative humidity, 8.5% 
moisture content). IRRI, 1963-87. 

weight, and unfilled. The filled seeds were either 
clean or discolored. The latter were sorted out by 
an electronic color sorting machine (Model GB 
104). During the 1987 dry season, we studied the 
effect of three categories of seed (clean and filled, 
filled but discolored, and half-filled) of the experi
mental rice hybrid IR54752A/IR54R on its field 
performance. The 3 treatments were replicated 6 
timesin a field trial(gross plot 55 m 2 and net plot40 
m2). We monitored germination percentage before 
seeding; seedling dry weight, height, and leaf 

Table 9. Effect of seed quality on the agronomic performance of the F 1 rice hybrid IR54752A/IR54R. IRRI, 
1987. 

Mean value 
Traita Clean Discolored Half- LSD 

and but filled (0.05)
filled filled 

Germination (%) 98 95 83 -
Seedling height (cm) 31 28 27 ns 
Seedling leaf no. 3.1 3.3 3.5 nsSeedling dry weight (g) 0.09 0.08 0.09 ns 
Plant height at 43 43 42 ns 

28 DT (cm)
Tiller number.at 28 DT 19 18 18 ns 
Plant height at maturity 111 109 112 ns

(cm) 
Panicle number per hill 14 11 12 1.5 
Panicle length (cm) 26 26 27 nsSpikelet fertility (%) 76 72 72 ns 
Grain yield (t/ha) 6.9 6.4 6.4 0.3 
aDT =days after transplanting. 

http:number.at
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number I d before transplanting; plant height and 
tiller count on the 28th day after transplanting; and 
panicle number per hill; filled grain percentage; 
and grain yield at maturity. Results (Table 9) 
indicated that half-filled seeds reduced germination 
percentage, and half-filled and discolored seeds 
reduced panicle number per hill and grain yield. 
Seed quality had no effect on the other traits 
monitored in the experiment. Seed quality of the 
hybrid is thus important for realizing its potential 
yield advantage, and attention must be paid to 
postharvest seed handling in hybrid rice seed 
production programs. 

VARIFI Al. RESISTANCE TO STORAGE PESTS 

Entomology Deparment 

We evaluated 22 rice varieties obtained from the 
International Rice Testing Program for resistance 
to 2 primary and major storage pests-the lesser 
grain borer Rhizopertha (mtifnica and the rice 
weevil Sitophilus oryzae. China 1039 and Eiko 
were resistant; Azucena and IRATI44 were sus-
ceptible; and IR50, TNI, and others were inter-
mediate. The compactness of the starch granules in 
the endosperm and the thickness of the aleurone 

layer (Fig. 4) apparently contributed to resistance 
by incapacitating the reproduction and develop
ment of insects in the grains. 

ov-AMYI.ASES IN GERMINATING RICE AND BARLEY 

CerealChemistry Del)arttnent 

In a cooperative study with scientists at the Grain 
Research Laboratory, Canadian Grain Commis
sion, Winnipeg, a-amylase production during 
germination on moist sand at 25 'C was compared 
for rice (IR13540-56-3-2-1) and a 6-rowed high-
enzyme and high-quality Can?,tian malting barley 
(Bonanza). Germinated rice grain had only about 
10% of the a-amytase activity of germinated barley 
grain, or 14% on a weight basis (Fig. 5). GA 3 
(10-4M) did not significantly enhance a-amylase 
production in germinating rice. Isoelectric focusing
and chromatofocusing showed that barley a-amy
lases had isoelectric points between pH 5.4 and 6.5 
(a-am0vlase 2 and 3), whereas rice a-amylases hadse oins, a 2 ma b s had 
lower isoelectric points, and 2 major bands had
isoelectric points close to pH 4.5 (a-amylase I). 

4. Scanning electron micrographs of starch granules and th
alcurone layer in resistant Eiko and China 1039 (top left, top 
right), intermediate IR50 and"IN I (middle left, middle right),
and susceptible Aucena (bottom left. bottom right) rice 
\ arietlies. I RRI, 1987. Note compact starch grains and thick 
aleurone layer in the resistant %arieties. 

0-amylase activity (t 3 DC/grain) 

15 

BarleyBonnz)38, n6* , rain 
V- Rce(IR3540-56-3-2-1}270 mg/grain 
0- R.ce.with 1O4 

M GAS 

10 

5 

a 3- 6 
2 4 6 
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5. Production ol o-amylase by germinating barley and rice 
grains and by rice grains treated with GA. IRRI. 1997. 
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We made 3,231 crosses in 1987, grew F2 popula-
tions from 1987 crosses, evaluated 122,380 pedigree 
nursery rows, tested 996 breeding lines in replicated 
yield trials (RYTs), and sent 75,820 seed packets of 
IRRI breeding lines abroad-23,837 seed packets 
filled 3q2 seed requests and 51,983 packets went 
through Interilational Rice Testing Program 
(IRTP) nurseries. 

IRRIGATED RICE 

Plant Breeding, Plant Pathology', Entomology, 
Soils, Statistics, and Agronomn' Departments 

Of the 648 crosses made for irrigated rice in 1987, 
399 were single crosses and 249 were multiple 
crosses. F2 populations from 382 cross combina-
tions were grown, and 68,1Q5 pedigree nursery 
rows were evaluated. We also evaluated 800 
advanced generation entries in RYTs. 

In lowland rice performance trials of the Rice 
Varietal Improvement Group of the Philippine 
Seed Board at 12 sites, 34 elite breeding lines were 
evaluated. About 200 elite breeding lines were 
evaluated internationally in IRTP nurseries. 
National rice improvement programs evaluated 
many other prormising lines. 

IRRI lines ndmed varieties (Plant Breeding, 
Plant Pathology, Entomology', andAgronomy). In 
1987, 23 IRRI lines from the irrigated breeding 
program were named varieties in 9 countries, 
bringing to 178 the number of IRRI breeding lines 
named as varieties worldwide. 

* 	IR 1626-203 was released as Giza 181 in Egypt. 
Outyields most varieties and lines in Egypt. 
Excellent grain quality with intermediate 
amylose content (AC) and high milling 
recovery, 

0 	IR1 82 0-210-2 was recommended as IR1820in 
Vietnam. Highly resistant to blast (BI) and 
yellow stem borer. Released earlier as Tamale 
I in Ghana. 

• 	 IR1846-284-1 was released as V L Dhan for 
irrigated transplanted production in the lower 
hills of Uttar Pradesh, India. Excellent long 
slender grainb. 

0 IR2 151-196-3-1-3 was released as IR215 1, and 
IR2153-26-3-5-6 was recommended as 

IR2153, both for acid sulfate soils of Vietnam. 
Both highly tolerant of salinity and toxicity. 

0 	IR7 151-60-3-3 was released as Chaite I and 
IR9729-67-3 as Chaite 3 in Nepal. Early
maturing selections fit the late sowing condi
tions in the Terai region. 

* 	IR8192-200-3-3-1 was recommended as 
Lemayan for irrigated and rainfed lowland 
conditions in Sabah, Malaysia. High-yielding 
and tolerant of Fe toxicity. 

0 	IR9129-102-2 was recommended as Guoji
youzhan in Guangdong Province, China. 
Early-maturing and high-yielding. Excellent 
grain quality with intermediate AC. 

0 IR9965-48-2 was released as Waiyin 35 in 
Guangdong Province, China. Early-maturing, 
with high yield potential and multiple resist
ance to diseases and insects. 

0 1R13240-10-1 was recommended as NN9A in 
Vietnam. Resists all brown planthopper 
(BPH) biotypes. 

* 	 IR 15853-89-7 was released as N90 in Guangxi 
Province, China. High yield potential and 
good grain quality. 

0 	IR18348-36-3-3 was released as IR64 in 
Indonesia and Vietnam. (Named IR64 by the 
Philippine Seed Board in 1985.) Superior 
grain quality conditioned by intermediate AC 
and intermediate gelatinization temperature 
(GT). Excellent lodging resistance and high 
yield potential. 

0 	1R 19661-150-2-2-1 was recommended as 
HKR120 in Haryana State, India. High
yielding. Long, slender, translucent grains. 
Resists local races of bacterial blight (BB) and 
tolerates whitebacked planthopper. 

& IR19743-46-2-3-3-2 was released as Jangkok 
in Indonesia. Early-maturing with excellent 
grain quality. Recommended for Lombok 
Island's short rainy season. 

0 	IRi 9746-11-3-3 was recommended as CN2 in 
Vietnam. Very early-maturing. Fits the Red 
River Delta's high cropping intensity. 

0 	IR21015-80-3-3-1-2 was released as N304 in 
Guangxi Province, China. Very high yield 
potential, short growth duration, and multiple 
resistance to diseases and insects. 

0 	1R21015-196-3-1-3 was recommended as IR65 
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in Indonesia. (Released as 1R65 in the resistance to BI and grassystunt. Resists GLH 
Philippines in 1985.) Glutinous grains, and BPH biotypes. Long, slender grains with 

* 	IR21820-154-3-2-2-3 was released as ADT38 high AC and low GT. 
in Tamil Nadu State, India. Very high- 0 IR34686-179-1-2-1. Very high-yielding.
yielding. Resists local races of tungro (RTV), Matures in 135 d. Long, slender grains with 
BB, and BPH. Excellent grain quality, intermediate AC and low GT. Resists BI and 

" IR21848-65-3-2 was recommended as Sir BB, and tolerates RTV. ksists GLH and 
Ekari-4 in Burma. High-yielding. Extra-lonf, BPH biotypes.
translucent grains with intermediate AC. 0 1R31802-48-2-2-2. Matures in 105 d. Excellent 

* 1R21929-12-3-3 was released as Minkang 108 yield potential. Long, slender, translucent 
in Fujian Province, China. Early-maturing. grains with intermediate AC and intermediate 
Resists stem borer. High yield potential. GT. Resists BI and BB and has field tolerance 

* 	1R28128-45-3-3-2 was recommended as for RTV. Resists GLH and BPH biotypes I 
Dodokan in Indonesia. Very short growth and 2. 
duration fits Lombok Island's short rainy 0 IR32429-47-3-2-2. Matures in 107 d. Con
season. Excellent grain quality with inter- sistently yields well. Excellent grain quality
mediate AC and intermediate GT. 	 conditioned by intermediate AC and inter

* 	IR32307-107-3-2-2 was released as IR66 by mediate GT. Resists BI and BB and has field 
the Philippine Seed Board. High-yielding. tolerance for RTV. Resists GLH and BPH 
Matures in 110 d. Resists major diseases and biotypes.
insects. Has hph-4 gene for resistance to BPH o IR35366-90-3-2-1-2. Matures in 110 d. Out
and high level of resistance to RTV. yielded other early-mattring selections in 

Elite breeding lines (Plant Breeding, Plant RYTs. Highly resistant to RTV in the field. 
Pathology, Entomolog v, and Agronomy). Elite Resists BB, BI, GLH, and BPH biotypes.
breeding lines were evaluated in RYTs during the Long, slender grains with high AC and 
dry (DS) and wet (WS) seasons. They were also intermediate GT. 
evaluated for grain quality, disease and insect 0 IR42000-211-1-2-2-3. Matures in 105d. Excel
resistance, and tolerance for soil problems such as lent yield potential. Excellent grain quality
salinity and alkalinity. Eighteen most advanced conditioned by intermediate AC and inter
lines were yield tested in N response trials at Bureau mediate GT. Excellent field tolerance for RTV 
of Plant Industry stations in the Philippines. Nine and resistant to BI, BB, GLH, and BPH 
elite lines are described: biotypes I and 2. 

* IR28224-3-2-3-2. High yield potential. 0 IR41996-50-2-1-3. Matures in 100 d. Con-
Matures in 130 d. Long, slender, translucent sistently yields well. High field tolerance for 
grains with high milling recovery. High AC RTV and resistance to Bl, BB, GLH, and 
and low GT. Tolerant of RTV. Resistant to BPH biotypes. Excellent, long, slender grains
Bl, BB, BPH biotypes, and green leafhopper with intermediate AC and intermediate GT. 
(GLH). Performed well in Philippine Seed Interactions of physical, nutritional, and bio-
Board lowland rice trials, 	 logical stresses in irrigated transplanted wet 

* IR28228-12-3-1-1-2. Performed very well in season rice(Soils, Agronomy, Entomology, Plant 
Philippine Seed Board lowland rice trials. Pathology, and Statistics). When rice simulta-
Matures in 130 d. Medium-long translucent neously suffers more than one growth-limiting
grains with high AC and intermediate GT. stress, the stresses may interact. The rice would 
Resists BI and tolerates RTV. Resists GLH then suffer growth and yield decreases larger than 
and BPH biotypes. the sum of the decreases caused by the individual 

* 	IR32453.-20-3-2-2. Medium-maturing. Out- stresses acting alone. Management that alleviates 
yielded most selections in multilocation yield one particular stress might therefore give an added 
trials. High field tolerance for RTV and benefit of also lessening the decrease in growth 
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caued by the associated interactions. To test this 
hypothesis for transplanted rice under realistic field 
conditions, a multidisciplinary team of agrono-
mists, entomologists, plant patho!ogists, statis-
ticians, and soil scientists, initiated multifactor 
interaction experiments both to determine the 
magnitude of such interactions and to make 
supporting measurements to understand tweir 
mechanisms. 

Five stresses were imposed -- water, nutritional 
(Zn), insect (stem borer [SB]), pathogen, and 
weeds - each at two levels: no stress as far as 
practicable, and a realistic field stress. All 32 
combinations of stresses were tested, each with 5 
replications. Water stress was imposed through a 
scheduled withholding cf irrigation; nonstressed 
plots were fully irrigaied. SB damage was simulated 
by artificial defoliation of 30% of the tillers. Zn 
stress occurs naturally at the test site, and was 
relieved for nonst:essed plants by dipping seedlings 
ii ZnO. Weed and pathogen stresses were 
generated by natural infestations and infections; 
nonstressed plants were hand weeoed or treated 
with fungicides. 

In a first trial, using IR62, nonstressed plants 
yielded 5.9 t/ha. Water stress and simulated SBs 
each lessened yield by 55% (more than was 
intended); Zn and weed stresses lowered yield by 
5% (expectedly low for this first use of a field that 
had been nonsubmerged during several preceding 
months; effects should be larger in the second and 
subsequent trials); and pathogens lessened yield by 
14%. The combination of all stresses decreased 
yield by 84%. The effects of water stress, simulated 
SBs, and pathogens were each large enough to 
detect interactions. Thus 

• 	 The proportional effect of irrigation was to 
increase the yield of detillered (SB simulation) 
plants by 109 ± 10%, and of normal plants by 
133 ± 10%, a differential effect of 24 ± 14%, 
suggesting that if SBs are controlled, plants 
make more effective use of irrigation, 

* The proportional effect of not detillering (i.e., 
simulation of SB control) was to increase the 
yield of water-stressed plants by 91 + 10%, 
and that of irrigated plants by 112 ± 8%, a 
differential effect of 21 ± 13%, suggesting that 
if plants are adequately irrigated, ',hev aerive 
greater benefit from SB control. 

* The proportional effect of pathogen control 
was to increase the yield of ncndetillered 
plants (simulation of SB cont.,ol) by 13 ± 5%, 
and of detillered plants by 23 ± 10%, a 
nonsignificant difference of 10 ± 12%. 

9 The proportional effect of pathogen control 
was to increase the yield of irrigated plants by 
9 ± 5% and of water-stressed plants by 24 ± 
8%, a differential effect of 15 ± 9%, suggesting 
that water-stressed plants derive propor
tionately more benefit from pathogen control. 

COLD-TOLERANT RICE 

Plant Breeding Department 

We restructured the cold tolerance breeding 
program in 1987. In previous years, segregating 
populations were evaluated in Banaue, Philippines 
(about 1000 m elevation), where rice is cultivated 
only during DS (January to June). In DS evalua
tions, we could select for seedling tolerance but not 
for reproauctive phase tolerance because tempera
tures are not low enough to be adverse to rice. 
Although rice is not cultivated in Banaue in WS 
(July to November) because of adverse climate, we 
were compelled to evaluate in WVS and evidently 
discarded valuable genotypes. 

We will continue DS evaluations to select 
materials for seedling tolerance and develop 
improve d cold-tolerant varieties for the Philip
pines, but will not evaluate breeding materials in 
WS. Instead, we will use varietal screening in 
Tublay, Benguet Province (about 1100 m eleva
tion), where climate, except low temperature, is not 
as severe as in Banaue. We will advance generations 
during WS. As before, pest and disease evaluation 
will be done at IRRI. 

In Banaue or Tublay, tolerance during the 
reproductive phase can be detected if flowering 
begins in mid-December. To verify this, we 
composed a nursery of three varietal types: 
sensitive, moderately tolerant, and highly tolerant 
of low temperature. Indica and japonica varieties 
were seeded in late September 1986 in Banaue and 
transplanted in late october. Flowering ranged 
from late December to mid-Febru~ary, with 
minimum temperature around 14 *C. Reproduc
tive phase tolerance was easily determined by leaf 
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color, panicle exsertion, and grain sterility, showing 
clear differences among the three types ofvarieties, 
Considering this success, we will continue to use 
September seeding to evaluate segregating popula-
tions and advanced lines for toleraicz during the 
reproductive phase. 

In Banaue and Tublay in 1987 DS, we evaluated 
42 F 2, 30 F3, 34 F4, and 24 F5 hybrids, all from 
earlier breeding work. Of these, 19 F3s were 
specifically for the Philippines to improve popular 
buiu varieties, 

Popular Philippine varieties Pinidua and Mad-
duli are bulu types. From 600 bulus in the Inter-
national Rice Germplasm Center (IRGC) collec-
tien, the Plant Breeding Department selected 24 
for hybridization. These and some common 
Philippine varieties were evaluated in an unreplica-
ted yield trial in DS in Banrue and Tublay. All 
entries showed acceptable seedling tolerance, 
Although all introductions were superior to local 
types in vigor during the vegetative phase, only 
local types had the growth duration to fitclimatic 
needs. Introductions flowered about 5 wk later 
than locals, extending into WS. Later, damage 
from rain and wind prevented harvest of the 
introductions. Local types matured successfully. 
F'vidently, farmers in these areas have grown a 
range of bulus and over time have selected the best 
adapted ones. 

In WS, 19 F 4 bulks from DS and 7 new 1172s able environments, uses alternative breeding
involving bulus were evaluated in Tublay for 
Philippine use. Selections emphasized bulu charac-
teristics with modern plant type. 

To explore growing rice in Banaue during WS, 
short-duration varieties with some cold tolerance 
were tested in a RYT. Variety Barkat was the 
check. All entries performed well until flowering, 
but only Barkat was free of grain discoloration, 
which appeared during the soft dough stage. 
Advanced lines IR8866-30-3-1-4-2, IR29824-B-84-
1-I, IR32843-92-2-2-3, and IR40085-6-1-2 dis-
colored less than others. Although a typhoon 
destroyed the experiment, we concluded that indica 
varieties with Barkat's characters would permit rice 
cultivation in Banaue during WS. 

We used September seeding to select for 
reproductive phase tolerance. Materials included 
49 F2 populations and 32 F3, 4 F4, 26 F5,and 21 F6 
bulks. 

We made 167 single crosses and 82 multiple 
crosses in 1987, 60% requested by collaborating 
breeJers from Bhutan, India, Korea, Madagascar, 
and Nepal.
 

We began an indica/japonica hybridization 
program to transfer salt tolerance from indicas to 
japonicas and to combine agronomic traits. We 
selected three varieties having the wide compati
bility gene: BPI 76 (indica), N22 (aus), and 
Moroberekan (japonica). In the first phase, these 
were crossed with several salt-tolerant indicas, and 
with high-yielding, pest- and disease-resistant 
indicas and j ,ponicas. We made 88 single crosses. 

We provided breeding materials ranging from 
F2s to advanced lines to India, Madagascar, Nepal, 
Philippines, and the West Africa Rice Develop
ment Association (WARDA). We began a shuttle 
breeding program with Bhutan, primarily for cold 
tolerance. See details in the Cooperative Country 
Projects section under Country Reports. 

RAINFED LOWLAND RICE 

Plant Breeding,Agronomy, PlantPhysiology, and 
Multiple CroppingDepartments 

The rainfed lowland rice improvement program 
formulates breeding objectives for rainfed ecol
ogies, develops improved germplasm for unfavor

methods, and collaborates with. national research 
programs. Improved rainfed lowland rices should 
resist drought, flooding, diseases, and insects, and 
should yield higher than traditional rices under 
low-cost technologies. They must maintain the 
yield stability of traditionai rices. 

Breeding operations (Plant Breeding).Breeding 
nurseries for drought-prone conditions in 1987 
consisted of 127 F2 populations and 14,551 
pedigree rows. For medium deep conditions, 217 
F2 populations and 16,171 pedigree rows were 
grown. The obseivaticnal yield trial was composed 
of 1,879 entries from IRRI and various countries, 
including 420 for drought-prone and 282 for 
medium deepwater areas. The RYT evaluated 100 
entries under irrigation, 46 in drought-prone areas, 
and 50 in medium dcep conditions. 

More than 5,000 seed samples were distributed 
to breeders in Bangladesh, Brunei, Burma, Colom
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bia, Ecuador, Fiji. India, Indonesia, Kampuchea,
Laos, Malaysia, Nepal, Nigeria, Sierra Leone, 
Thailand, and Vi:am. The samples included 
advanced breeding lines, donors for various traits,
and F2 populations. 

Drought resistance (Plant Breeding and Ag-
rono.v). Selection for drought resistance is done 
at all breeding stages. Early generations are grown 
under water stress, and best survivors are selected. 
Later generations are screened in drought nurseries 
during DS. Advanced lines are evaluated either 
transplanted or direct seeded in a range of drought-
prone environments, 

Drought-prone areas require rice cultivars with 
a range of growth durations, and with drought
resistance at different growth stages. Selection for 
resistance during the vegetative phase iseasier than 
during the reproductive phase, although the latter 
is more sensitive to drought. Ini 1987, seven rainfed 
lowland breeding lines that showed good drought 
recovery and good phenotypes under field condi
tions were identified (Table 1). Of all rainfed 
lowland lines screened in the drought nursery in 
1987, 4% had a tolerance score of 4 or better, and 
5% had a recovery score of I. 

Flood tolerance (Plant Breeding and Plant 
Phtsiology). Excess water can hurt rice growth by
short-term (flash floods) or long-term (stagnant) 
flooding. The two often go together. Several 
hundred breeding lines with improved plant type 
were evaluated in different flooding regimes. All 
lines were also tested in greenhouse tanks for sub-
mergence tolerance at the seedling stage. The 
breeding lines performing best under mild sub-
mergence stress in the field were often not the best 

under more severe stress. In a field completely
submerged for 12 d, 85% of the entries tested were 
killed. Those with scores of I (same as the tolerant 
check FRI3A) in the greenhouse tanks survived 
better in the field (Fig. I). Six lines with sub
mergence tolerance and good agronomic charac
teristics were identified (Table 2). All have tradi
tional submergence-tolerant cultivars in their 
pedigrees. 

Photoperiod sensitivity (Plant Breeding). In 
many rainfed areas, the onset of the rainy season 
determines seeding and transplanting dates. The 
harvest date depends on the time when rainfall 
decreases and the floodwater recedes, the onset of 

Total entres (%) 
80 

u' ifel 
60 Destroyed infield 

40
 

20 

o 
e3 5 7 9 

Stderen ce tolerance scorere1. Entries with different submergenlce tolerance scores (green
house) that showed some surival or were completely 
destroyed under severe floodig.of the medium deep observa
tional yield trial. l, 1987. Sutimergence scores are 
percentage of comparative survival rdativecheck FR 13A: I to the tolerant100%. 3= 95-99%,5 = 75-94%,7 = 50-74%,

9= 0-49%. 

Table 1. Characteristics of rainfed lowland breeding lines with good drought resistance. IRRI, 1087. 
Designation 
 Maturity Height Resistance Amylose Grainb Droughtc 
_ 
 (d) (cm) to blasta 

W% L S C Tolerance Recovery 

IR33355-39.1.1-3 120 100 9 27 3 1 0 4 1IR41431-68-1.2-3 125 110 6 23 3 1 0 4 3IR42221-14.1.3-1-2 135 125 9 25 3 1 3 3 1IR43040-25.1-2-3 125 100 9 23 3 1 1 5 1IR43072.PMI-B-24-3 140 110 9 25 3 1 ID 5 1IR43088-89-2-3-1 120 100 3 26 1 1 5 5 1IR43552-80-3-1-3 140 130 8 26 5 5 0 5 1 
aBy Standard evaluation system for rice (SES) 0-9 scale: 0 no lesiors, 9 = all leaves dead. DL = length, S = shape, C chalkiness, SES scale. COrought tolerance at 10 bars soil moisture tension and recovery after re',vatering. Average scores ofthe resistant checks (Salumpikit and IR442) were 6 for tolerance and 3 for recovery. 
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Table 2. Rainfed lowland breeding lines with submergence tolerance and good phenotypic acceptability. IRRI, 1987.
 
Ultimate 


Gan 
Designation source of Maturity Heighttolerance Grain8 

Submergence(d) (cm) cStoleranceb 
IR40931-26-3-3.5 FR13A 135 105 4 4 8 11R40931-33-1-3-2 FR13A 130 105 4 2 2 1IR42207-93-22-2-1.2 FR13A 130 110 3 5 5 1IR42243-80-3-2-1-3 Nam Sagui 19 130 95 3 1 1 1 

3 1 4 2 
IR43439-99.23-1-1 64-117 135 100
iR46292-24-2.2-1-2 64-117 130 90 3 5 9 1 
IR42 (check)
IR46 (check) 

89 
aL = length, S = shape, C = chalkiness, SES scale. bSubmergence tolerance scored in the greenhouse tanks a, the seedlingstage. Scores are in comparison with the tolerant check FR13A. 

low temperature (in higher latitudes), and the 
seeding date of the DS crop, if any. Therefore, 
photoperiod sensitivity is an important breeding
objective. Improved lines with strong sensitivity 
are being evaluated fcc use in rainfed lowland 
environments (Table 3). 

The preferred flowering date varies from place to 
place. Within a region, it can depend on a field's 
position in the toposequence. Later varieties are 
sown on the low-lying fields, where the water 
recedes last. The critical daylength of a variety 
determines its usual flowering date; varieties with 
shorter critical daylength flower later. Many areas 
need weakly sensitive varieties with longer critical 
daylength; these usually flower in September or 
October. Other areas need late-flowering varieties 
with very short critical daylength; these often 
flower in December. Because most improved IRRI 
photoperiod sensitive lines flower in October, we 
are developing lines with later flowering dates. 

Photoperiod sensitivity is controlled by a few 
major genes, so we can easily combine it with other 
desired characteristics, but critical daylength ap
pears to be affected by both major genes and 
modifier or minor genes. 

Thai-IRRI collaborative breeding (Plant Breed
ing). The Thai-IRRI project to develop rainfed 
lowland rices for Northeast Thailand continued for 
the fifth year. Plant selections, including 294 from 
the pedigree nurseries anid 1,322 from the F 2
populations, were taken to IRRI for off-season 
generation advance and screening. Several breeding
lines performed well for 2 consecutive years in the 
observation trial planted at 6 research stations in 
Thailand (Table 4). F2 populations have also been 
sent to other countries. See Country Reports under 
Cooperative Country Projects for additional in
formation. 

Drought-prone yield trials (Agronomy,Multiple
Ciopping, and Plant Breeding). Rainfed lowland 

Table 3. Characteristics of photoperiod-sensitive, rainfed lowland breoding lines with improved plant type. IRRI, 1987. 

FloweringDesignation period 

IR43446-7-3.2.1 mid-Oct 
IR43491-140-1-2-3 mid-Oct 
IR43505-571-1-1-3 late-Oct 
IR43522-37.3-3.3 mid-Oct 
IR43526-523-1-1-1 early-Nov 
IR43552-I9-2-1-2 late-Oct 
IR43552-80.3-1-3 mid-Oct 
IR46376-CPA-8-3.1.1 mid-Oci 
IH48069-24-3-3 2 late-Oct 

aL = length, S = shape, C chalkiness, SES scale. 

Height Amylose
(cm) % 

105 27 

110 25 

115 26 

125 26 

140 20 

130 25 

130 26 

140 24 

120 24 


Graina 

L S 

3 1 1 
5 5 9 
3 1 1 
3 1 5 
3 5 9 
5 5 1 
5 5 0 
1 1 5 
3 1 5 
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Table 4. Characteristics of rainfed lowland breeding lines that performed well for 2 consecutive years in the observation 
nursery at 6 stations in Northeast Thailand, 1987. 

Designation Photoperiod Height Resistancec to Amylose Gelatinization Grainea 
 sensitivityb (cm) B1 881(%) tempd L S C 

IR43049-CPA-509-2.3-1.3 S 135 5 1 .1 0 L 1 1 IR43070-UBN-507-1-2-2-1 I 130 5 1 5 0 L 3 1 -
IR 3506-UBN-520.2.1.1 S 105 3 5 6 0 L 1 1 
IR43523-SRN-504-2-2-3-2 S 130 7 1 7 25 I 3 1 1IR46375-CPA-19.3.1 I 130 7 1 7 27 I 3 3 3
 
aCPA = selections from the Chum Phae Rice Experiment Station, UBN -Ubon, SRN = Surin. bS = photoperiod sensitive, 
I = insensitive. CBI = blest, BB1= bacterial blight race 1, GLH = green leafhopper. dGelatinization temperature, L = low, I = 
intermediate. eL = length, S = shape, and C = chalkines. 

yield trials were conducted inSanta Rosa, Laguna; fall was well distributed, resulting in yields up to
 
Liloan, Cebu; Solana, Cagayan; and Batac, llocos 2.5 t/ha.

Norte, Philippines. Trials used 20 early and 30 Solana, Cagayan.Only late entries were grown

medium- to late-maturing entries, 
 in Solana. Stratum I (Fig. 4) experienced mild 

Santa Rosa, Laguna. Low rainfall from 25 Aug water deficit from 12 Sep to 4Oct and from 3to 12 
to 30 Sep in Santa Rosa caused severe water stress Dec. Stratum 2 experienced short-term sub
during vegetative growth (Fig. 2). The free water mergence twice. 
level (20-cm and 60.crn depths) remained below the Batac, llocos Norte. The early set was planted on
soil surface for the crop duration, two strata in Batac incollaboration with Mariano 

Liloan, Cebu. Total rainfall in Liloan during Marcos State University. Rainfall and hydrology 
crop growth was otily 600 mm, barely enough to data were not collected. 
produce a crop (Fig. 3). Water deficit occurred Two of the highest yielding entries in the early
during vegetative growth from mid-August to mid- group (Table 5), 1R21567-9-2-2-3-1-3 and IR 13240-
September; soils cracked, and rice leaves rolled and 108-2-2-3, had been high yielding the previous year.
dried. After mid-September, however, sparse rain- In the late group, IR 19431-72-2 had also performed 

well in previous years. IR28526-44-1-1, the highest 
Weekly rainfall yielding entry in Solana, was not planted in Santa(nim) 


120 Rosa. 

100- Weekly rainfall (mm) 
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Santo ROSa. tLaguna. Philippines. 1986 WS. ILiloan. Cebu, Philippines. 1986 WS. 
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Table 5. Yields and ranks (in parentheses) of the highest yielding entries at 5 Philippine sites in the drought-prone rainfed 
lowland yield trials, 1986-87. 

Yield (t/ha) 
Designation 

Santa Rosa Liloan Batac Solana I Solana II Average 

Early
IR21567-18-3 1.5 (4) 2.3 (2) 3.3 (2)

IR21567-9-2-2-3-1.3 0.9(16) 2.5 (1) 

2.4
 
3.4 (1)

1R11418.15-2 1.4 (7) 1.5 (8) 3.0 (3) 
2.3 

IR64 1.8 (3) 1.5 (8) 2.7 (7) 
2.0 
2.0IR13240-108.2.2-3 1.9 (2) 1.5 (8) 2.5(11) 2.0 

Mean 1.3 1.5 2.5 
Medium/late 

IR19319-5.3-3-2-1 2.0 (2) 2.1 (4)
1R19319-1.2.1-1.2 1.7 2.5(4) (1)
IR33380-60-1-2-2 2.1 (1) 2.0 (9)
IR37096-49-1.3 1.2 (14) 1.9 (15)
IR19431-72-2 1.6 (5) 2.1 (4)
1R29341-15-2.1-1 1.9 (3) 1.8(16)
IR36974-13.3-3-3 1.6 (5) 1.2(29) 

Mean 1.2 1.9 

Farmers' field yield trials, Solana, Cagayan
(Multiple Croppingand Plant Breeding). Cultivars 
and breeding lines were tested for yield in three 
unfavorable environments in Solana, Cagayan, in 
1986-87. Conditions were drought-prone for 
stratum I, drought- and submergence- prone for 
stratum 2, and submergence- prone for stratum 3 
(Fig. 4). In a yield trial of 20 improved lines and 4 
local checks grown on all strata, several promising 
breeding lines outyielded the local checks (Table 6). 
Yields were low in stratum 3, where looding was 
severe. Breeding lines IR28930-5T, IR26724-246- I 
1,and BR 118-3-17 yielded particularly high at this 
site. 

A drought- and submergence- prone yield trial 
was grown on strata 2 and 3. Several improved 
breeding lines with submergence tolerance gave
higher yields than the checks in both strata 
(Table 7). 

In rainfed lowland areas, farmers often rely on 
higher grain quality as a compensation for lower 
yields. Several lines with improved grain quality 
gave yields more than twice those of local checks in 
stratum I (Table 8). These lines are from crosses 
with the Thai aromatic rainfed lowland cultivar 
Khao Dawk Mali 105. IR43523-56-2-3-2 yielded 
highest of all Solana entries in 1986-87. 

Medium deepwater yield trials (Multiple Crop-
ping and Plant Breeding). The medium deepwater 

2.9(10) 2.6 (7) 2.5 
3.0 (7) 2.6 (7) 2.4 
2.8 (13) 2.3 (16) 2,3 
3.1 (3) 2.8 (3) 2.2 
2.5 (20) 2.7 (4) 2.2 
2.8(13) 2.3(16) 2.2 
3.2 (1) 2.9 (2) 2.2 
2.7 2.4 

RYT, composed of 48 entries, was evaluated at the 
medium deepwater research site in Bay, Laguna. 
The materials were exposed to three fleouing 
regimes (Fig. 5) varying in sustained water depth
and in timing and severity of submergence. Rice 
was submerged four times durirg the vegetative 
phase in regimes Aand Bat phase 25-30 cm depth. 
The flooding subsided more rapidly during the 
reproductive phase in regime B.Depth in regime C 
was about 40 cm for most of the growing season. 

The materials were replicated twice ineach water 
regime within a randomized complete block design. 
Mean grain yields were highest (2.1 t/ha) in regime 
C, which had deeper water but no severe sub
mergence (Table 9). Submergence levels greater 
than 90 cm killed several entries in regimes Aand 
B. 

The yield of lR19319-5-3-3-2-1 was particularly 
high arnd stable across water regimes (Table 9). 
Five entries yielded more than 3.0 t/ha across the 
regimes. The local check Wagwag Faire performed 
well as in previous tests at this site. Four advdnced 
breeding lines that had performed consistently well 
in medium deepwater tests in previous years were 
among the better yielding cultivars in this test: 
IR24705-11-3-2-3-3, IR13149-43-2-PI, lR13149
71-3-2-3, and tR26760-27-1-3-2-1. 

The medium deepwater observational trial 
consisted of 274 entries. These were evaluated as 
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Table 6. Grain yields and ranks (in parentheses) of the highest yielding entries and the checks in a yield trial grown on 3strata in Solana, Cagayan, Philippines, 1986-87. 

Grain yield (t/ha)
Designation 

Stratum 1 Stratum 2 Stratum 3 Average 
BR118-3B-17 2.8 (6) 2.6 (2) 1.5 (3) 2.3 (1)IR28930.5T 2.0(22) 2.7 (1) 1.9 (1)IR33238.25.2-3.2 2.2 (2)2.9 (3) 2.6 (2) 1.0 (6)IR19319-5-3-3.2-1 2.8 (6) 2.6 (2) 

2.2 (2)
1.1 (4) 2.2IR26724-246-1.1 (2)2.4 (15) 2.2 (12) 1.8 (2) 2.1 (5)Wagwag Java (check) 2.0 (20) 1.8 (16) 1.1 (4)Wagwag Saigon (check) 2.1 (17) 1.6(11)

1.8 (16) 0.7 (11)Wagwag Tawataw (check) 1.5 (16)1.9 (23) 1.8 (16) 0.8 (8)Wagwag Fino (check) 1.7 (24) 1.6 (22) 
1.5 (16)

0.6 (12) 1.3 (19)
Mean 2.5 2.1 0.7 

Table 7. Days to flowering, plant heights, grain yields, and ranks of the highest yielding entries and checks in the drought.and submergence-prone yield trial, Solana, Cagayan, Philippines, 1986-87. 

Stratum 2 Stratum 3 Average
Designation 

Days to 
flowering 

Plant 
height 

(cm) 

Yield 
It/ha) 

Rank Days to 
flowering 

Plant 
height 
(cm) 

Yield 
(t/ha) 

Rank Yield 
It/ha) 

Rank 

IR43559-159-3-3.1 
IR43559-39.2-6.3 
IR43563-5-1-3.5 
IR42243-34-1-2-3 
IR31239-31-6-3-P5 
IR29012-2.1.3 

Wagwag Saigon (check) 
Wagwag Tawataw 

(check) 

101 
101 
115 
108 
120 
121 

136 
138 

94 
94 
93 
98 

109 
105 

140 
150 

3.0 
2.6 
2.4 
2.5 
2.9 
2.1 

2.0 
1.6 

3 
7 

15 
10 

4 
20 

21 
23 

122 
122 
133 
123 
133 
140 

133 
136 

72 
72 
75 
72 
76 
76 

78 
69 

0.8 
1.2 
1.4 
1.2 
0.7 
1.4 

0.8 
0.7 

7 
3 
1 
3 

10 
1 

8 
10 

1.9 
1.9 
1.9 
1.9 
1.8 
1.8 

1.4 
1.1 

1 
1 
1 
1 
5 
5 

12 
13 

Mean 113 103 2.5 126 74 0.8 

Table 8. Grain yields, and aVronomic and grain quality characteristics of the highest-yielding, high quality rainfe6 lowlandbreeding lines in a yield trial in stratum 1 in Solana, Cagayan, Philippines, 1986-8?. 

Daysto Plart Yield Graina Amyloseflowering height It/ha) content Comments(cm) (/ L S C (%) 
IR43523-56.2.3.2 106 98 4.6IR43485-22-2-2.2 2 1 0 26105 98 3.3 3 1 1 26 Slight aroma, photoperiod 
IR43568-14-.11.2 105 sensitive82 3.2 3 1 0 18 Strong aroma, Iphotoperiod 
IR43483.7-2-1-2 111 106 2.8 3 5 2 sensitive26 Strong aromaIR43526-13-3.2.2 108 a3 2.8 3 1 0 17 Strong aroma 
Wagwag Fino (check) 136 140 1.9
Wagwag Saigon (check) 136 138 1.7
Wagwag Java (check) 141 131 1.6
Wagwag Tawataw (check) 132 143 1.5 

Mean 115 108 2.5 
aGrain quality data were collected only for the breeding lines. 

http:IR28930.5T
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Table 9. Mean grain yields (t/ha) of the bert entries from Water depth (cm)
 
the medium deep replicated yield trial tested in 3 (A, B,
 
C) medium diepwater conditions. Bay, Laguna, Philip- Transplanting taterregimeA
 
pines, 1986 WS.
 

Qrain yield it/ha) 100 F i
 

Designation Rank
 
A B C Grand
 

mean
 

IR19319-5-3-3-2-1 4.6 3.1 4.6 4.1 1 
IR24705-11-3-2-3.3 1.6 4.6 3.8 3.3 2 
IR36!74-13-3-3-3 3.4 2.9 3.4 3,2 3 60 
IR33461-39-3 3.9 1.7 3.8 3.1 4 
Wagwag Faire 2.5 3.6 3.1 3.0 5 
B4259-39-2-3 3.4 1.6 3.6 2.8 6 
IR33380-7-2-1-3 2.2 2.9 2.8 2.6 7 40 
IR21567-9-2-2-2-1 2.1 2.8 2.6 2.5 8 
IR37094-31-2-3-2 2.5 1.3 2.8 2.2 9 
IR13149-43-2-P1 2.1 2.1 2.4 2.2 9 
IR38380-31-1-1-3 2.0 24 2.2 2.2 9 20 
IR13149-71-3-2-3 3.1 1.5 3.3 2.2 9 
IR26760-27-1-3-2-1 2.6 1.2 2.6 2.1 13 
IR43485.22-2-2-2 2.0 1.7 1.8 1.8 14c l-t I I I I I 
IR26760-76-2-1.2-3 2.5 0.5 2.4 1.8 14 
Pankaj 2.1 1.2 1.9 1.7 16 Transplnting Waterrgime B 
IR19431-72-2 2.1 1.1 1.8 1.7 16 

/Flowering/Checks ege::::::::.::::::
Vegetative :i
C (- 1.6 2.7 22 mt1009 0.4 1.6 100L 

IR46 1.6 0.6 2.3 1.5 23 
IR42 1.5 0.5 2.1 1.4 28 
IR47 1.0 0.7 1.9 1.2 33 
IR64 1.1 0.7 1.5 1.1 36 80 

Grand awana 1.9 1.3 2.1
 
LSD (0.05) 1.6 1.4 0.4
 

aMean of all entries. 

unreplicated plots in flooding regimes A and B 
(Fig. 5). Nine cultivars exceeded .,t/ha in grain 40 
yield (Table 10) in at least I regime. Severe 
submergence seriously delayed flowering of many 20 
entries. 

Elite c,!!ivar evaluation on rainfed landforms 
(Muliple Cropping). Two sets of elitt- improved o 

rainfed lowland cultivars were evaluated at a range 

ot rainfed rice-growing locations in the Cagayan Transploting Water regime C 

Valley, Philippines. 
The first set, composed of medium-maturing, 50 / 

intermediate-height entries, had superior perfor- 40 
mance in the drought-prone areas RYT or strata 1 
and 2 of the alluvial terrace of the Cagayan River 30 
in Solana. This group includeo a photoperiod- 20 
sensitive cultivar front Bangladesh (BP236-10-2- 10 
2-1). The set was planted under researcher man
agement on landfcrms dominated by traditional 0 Aug Sep Oct Noe Dec Jon Feb 
late-maturing, photoperiod-sensitivecultivars. The 5.Growth stage of 48 rice cultivars and breeding lines in 
cooperating farmers' cultivars were included as relation to water table depth for 3 water regimes in Bay, 
checks. Laguna, Philippines, 1986-87. 



GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 207 

The second set of entries included two early-
maturing, shorter-statured cultivars suited to 
favorable rainfed lowland hydrologies (IR36 and 
IR64), and three first set cultivars (1R19431-72-2,
1R33238-25-2-3-2, and IR46). This, trial was 
conducted on landforms currently planted pre-
dominantly to modern varieties (MVs). In the 
randomized complete block design, each location 
represented one replication.

The mean yields of the cultivars tested at 5 sites 
on 3 landforms where traditional varieties (TVs) 
are grown ranged from 2.1 to 2.6 t/ha. IR 19431-72-
2 was the top cultivar, but yields did not differ 
significantly among entries. The farmers' varieties 
in these trials averaged 2.4 t/ha. The site mean 
yields ranged from 1.6 to 3.0 t/ha. 

At 4 sites on landforms dominated by MVs, 
yields averaged 4.4 t/ha (Table 11), nearly doublethose on TV-dominated landforms. The topthosedont 

entry was also IR19431-72-2, averaging 
5.4 t/ha across sites. MV yields were 1.9 t/ha 
higher than those of farmers'varieties. IR46, IR36,
and 1R64 yielded between 4.1 and 4.8 t/ha, 
statistically on par with IR19431-72-2. The 
medium maturity, intermediate height, "nd toler-
ance for late transplanting of IR19431-72-2 are 
important characters for rainfed rice adaptation to 
most lvndforms in this region. 

UPLAND RICE 

Internatio.ialRice Germplasn ncrand Plan, 
Breeding Department 
Breeding operations. International Rice Germ-

p,'asm Center. In 1987, IRGC incorporated grain 
quality and weed competitiveness into advanced 
breeding lines that already had BI and drought
resistance, tolerance for acid upland soil, and 
adaptation to low P supply. About 220 single 
crosses, topcrosses, double crosses, and back-
crosses were made. Most traditional upland
varieties compete well with weeds because of their 
tall heights and long and droopy leaves, which also 
make them lodging susceptible. Selection aimed 
for a plant type that combines intermediate plant
height, droopy lower leaves, and erect upper leaves, 
Most grain quality traits came from upland rices of 
the Philippines, Thailand, and USA. Grain shape
has progressed from bold grains to more slender 

a lso averagiThe t94o1-72-2-ranked 
w 

Table 10. Entries with mean grain yield greater than 3 
t/h& from 274 entries tested in the medium-deepwaterobservational trial under 2 wator regimes.a Bay, Laguna,Philippines, 1986 WS. 

Designation 

IR41111-46-2-3-1 
CR1009 
1R15810-260-1.3-1-3 

Grain Days 
yield to 
(t/ha) flowering 

Water Regime A 
3.8 142
3.6 121 
3.6 129 

IR38499-CO.209-3-3.2IR33225-21-3-1-3 3.6 1413.4 127IR10232-17-2-1 E.P1 3.1 127 
IR43511-3-1-1-3-1 3.0 126 
IR54 3.0 126 

Water Regime B 
IR4355280.3-1-3 3.0 147 

awater regimes are shown in Figure 5. 

Table 11. Mean grain yields of aset of cultivars tested in 4farmers' fields across 2 rainfed rice-growing landforms 
grown mainly to modern varieties. Cagayan, Philippines, 
1986 WS. 
- Grain yielda (t/ha) 
Cultivars 

1 2 3 4 M-an 
R36 4.7 - 5.0 - 4.8
 

IR46 4.6 3.7 4.4 
 3.8 4.1 
IR64 4.2 - 4.2 5.2 4.5IR33238-25.2-3.2 5.6 3.6 3.2 4.6 4.3 
1R 19431-72.2 5.6 6.34.0 5.6 5.4Farmers' varietyb 4.5 2.8 3.3 3.1 3.4 

X 4.9 3.6 4.4 4.0 4.4 
LSD (0.05) 1.1(0.01) 1.6 
Cv 15% 

aSites 1 and 2 = ralinganay (interhill miniplain), 3 and 4 
= Maguirig (alluvial fan). - = no data. bFarmers' variety:
IR23, IR36, BLM. 

ones. An additional selection criterion is trans
lucent and clear endosperm. 

IRGC continued to provide national programs
with seed from specified cross combinations. A 
total of 128 F2 and F 3 bulk populations were sent to 
national centers in Ir ia,, Mexico, Senegal, and 
Zanzibar, and to WAADA. The crosses aimed to 
combine early maturity, gall midge resistance, 
resistance to drought and BI, adaptation to acid 
upland soils, and improved grain quality. 

One hundred thirty F2and F3 bulk populations 
were grown and carried through the F4. From 140 
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F4 and F5 bulk populations, IRGC continued to 
select for deep and thick roots in DS prior to 
transplanting. Selection for the desired morpho-
agronomic traits was made before maturity. About 
2,000 progenies were selected and carried into the 
F5 and F6 . Lines with early maturity, intermediate 
height. long and heavy grains, field resistance to Bt,
and detectable aroma were recovered in WS. 

Plant Breeding Department. In 1987, the Plant 
Bieeding Department made 42 crosses. 'Table 12 
shows the parents used in crosses made according
to their electrophoretic groups. Fewercrosses were 
made in order to 

0 use only the best parentsfor drought tolerance, 
BI resistance, and tolerance fo, acidic poor
soils; 

* focus on group 6 parents that are best under 
adverse environments; and 

* have more F2studies to get more transgressive 
recombinations between the parents.

The crosses numbered I for 1/6 groups, 21 for 
6/I groups, I for 6/2 groups, 18 for 6/6 groups, 

and I for unknown/6 groups. The only unknown 
groupparentwasIR30716-B-I-B-l-2,aRP825.7 

0 _
7-1/LAC23//LAC23 cross, therefore having a 
strong group 6 background. 

Group 2 is seldom used because it recombines 
poorly with group 6. Group 2/group 6 crosses can 
recombine group 2's earliness, grain quality, and 
very good early standing vigor with group 6's very
good adaptation to poor acidic soils. Unfor
tunately, good phenotypes in the F2 are extremely 
rare. 

Many group 6/group I crosses are needed to 
combine the best traits fr,m both groups, especially 
group 6's good adaptation to adverse conditions 
and group l's very good yield potential under good
conditions and managed cultivation practices.

As of December 1987, under study were 17 F,
progenies and 27 F2 progenies (13 are 6/6 crosses 
and 14 are 6/I crosses; all female parents were from 
group 6). 

Six hundred seven F3 lines from 19 crosses 
(Table 13) were under study. 

Table 12. Parents used in crosses made by the IRRI Plant Breeding Department in 1987 for upland rice breeding. 

Parent name 

AUS196 
Azucena (C) 
BPI 9-33 
BR319-1 
CNA4102 
CNA4120 
CNA4143 
CT6516-21-4-4 
Gogo Gundil 
IR30716.-B-1-B-1-2 
IR47686-B-4-3 
IR47686-13-1-1 
IRAT104 
IRAT104 (D) 
IRAT104 (E) 
IRAT1 15 
IRAT 144 (A) 
IRAT177 
IRAT288 
ITA130 
LAC23 
Milyan(, 26 
Palawan (A) 
UPLRi-5 (B) 
UPLRi-5 (C) 
UPLRi.7 

aT = traditional cultivar, I = 

Group 

2 
6 
6 
1 
6 
6 
6 
6 
6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

1 

1 

1 


improved variety. 

Times (no.) used 

Female 

0 

6 

2 

0 

2 

4 

2 

1 

2 

0 

2 

2 

0 

1 

4 

0 

2 

2 

2 

2 

4 

0 

2 
0 

0 

0 


as 

Male 

1 
4 
1 
3 
2 
1 
1 
2 
0 
6 
1 
0 
1 
0 
1 
3 
0 
0 
0 
0 
0 
2 
0 
2 
7 
4 

Typea Country of origin 

T 6angladesh
 
T Philippines
 
1 Philippines
 
1 Bangladesh
 
I Brazil
 
1 Brazil
 
1 Brazil
 
1 Colombia
 
T Indonesia 
1 Philippines 
1 Philippines 
1 Philippines 
1 Ivory Coast 
1 Ivory Coast 
I Ivory Coast 
1 Ivory Coast 
1 Burkina Fao 
1 French Guyana
1 French Guyana-Brazil 
1 Nigeria 
T Liberia 
T Korea 
T Philippines 
I Philippines 
I Philippines 
I Philippines 
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Table 13. F3 progenies under study in 1987, IRRI Plant duration lines from 5 crosses. The most promisingBreeding Department. crosses were ITA235/IAC25, IAC47/IRATI12, 
Female parent Male parent F2 IRAT 112/ Azucena, IAC47/ IRATI 3, and Azucena/ 

plants IAC47. All parents are from group 6.Designation Group Designation Group (no.) Twenty-three F6 families from 4 crosses were 
Chianan 8 6 IRAT104 6 94 under study, the most promising cross beingCNA4121 6 IRAT104 6 76 LAC23/IRATI34, with both parents from group
BR319-1 1 IRAT104 6 64 6. 
UPLRi-5 1 BR319-1 1 58
Milyang 26 6 Moroberekan 6 57 Yield performance. Farmer'sfield. We continued
BPI 9-33 6 ARC7046 2 45 to evaluate breeding lines in a farmer's field inIRAT140 6 Aus 196 2 42 Santo Tomas, Batangas. WS rainfall was below
CNA4130 6 Kinandang Patong 6 33
IRAT1O4 9 Aus454 2 31 average-l,065 mm. Mild water stress at panicle
CNA4120 6 B2997C-TB-60-3.3 1 21 initiation in late August did not seriously affectIRAT140 6 M55 6 18 yield. Leaf and neck BI were prevalent, but mostAus 454 2 Moroberekan 6 15
UPLRi-5 1 IRAT144 6 15 lines showed scores between 2 and 3. The yields
UPLRi-5 1 CNA4121 6 12 ranged from 1.2 to 4.1 t/ha. The highest yieldersDinorado 6 BR319-1 1 9 (3-4 t/ha) were IR10147-113-5-1-1-5, the IR13754
UPLRi-5 1 IRAT177 6 8BR319-1 1 CNA4130 6 5 lines, IR27078 lines, and IR27095 lines. These lines
Carreon 1 IAC25 6 2 also performed well in 1986.GS529 2 IAC25 6 2 IRRI. WS rainfall was only 987 mm. Water 

stress was mild during the vegetative phase and the 
early reproductive phase in the UZ area. YieldsTables 12 and 13 reflect the strategy: ranged from 0.3 to 2.2 t/ha. Root nematodes 

* Focus on group 6/group 6 crosses, widely continually lowered yields, even without drought.
using the best materials adapted to adverse Lines best adapting to this condition were lR13754
environments, emphasizing breeding for earli- 6-4 and -7-3, IR26957-86-2, IR27069-B-53-B-B-l
ness, using CNA lines: drought and BI 4-3, 1R27112-B-43-B-B-2-2-2and-2-1-2, averaging

tolerance, using IRAT104, IRATI44, Moro- at least 2.0 t/ha.

berekan, Dinorado, and others. 
 In the IRRI rainfed area, entries were more

" Emphasis on group 6/group I crosses more vigorous. Afew showed leaf BI infection during the
than on group 6/group 2, but using -a few early vegetative phase. Severe lodging, however,
selected parents from groups I and 2- occurred during the reproductive phase. Yields
UPLRi-5 and Aus 196 because of their yield ranged from 0.5 to 2.9 t/ha. The highest yielders
potential under moderately adverse (2.8-2.9t/ha)werelR13754-64, lR44712-B-B-5,and 
environments. IR26957-86-2. 

" Progressive move from IRATI04 and other Across the three favorable environments (Santo
group 6 entries as donors toward IR47686 top Tomas and 2 IRRI fields), 4 lines were comparable
lines (from IRATI04/Palawan cross) devel- IR43 (highest average yield 2.6 1/ha) in yield1o 
oped by the project and the best CT lines performance: IR13754-6-3(2.7t/ha), IR26957-86
developed by CIAT. 2(2.7 t/ha), IR13754-6-4 (2.9 t/ha), and IR13754-

Five hundred nine F4 families were tinder study, 5-10 (2.6 t! ha). The results agreed with previous
composed of 70 early families from 4 crosses, 343 performance.
medium-duration families from 44 crosses, and 96 The line IR44716-B-B-B-6-2, which performed
late families from II crosses. The most promising k'airly well at the new rainfed site on the IRRI farm 
crosses were llATI4C,'Milyang 26, 1R12979-24- b,7t poorly in Santo Tomas, Batangas, also per
I/IRATI40, UPLRi-5/IRATI40, UPLRi.5/ foirned well (2.2 t/ha) at a low-fertility site in
IRATI40, Palawan/Milyang 26, B2997C-TB-4-2- Bohol, which has a soil pH of 7.0. This shows the
I/ UPLRi-5, and IR12979-24-1 / LAC23. location-specific nature of upland rice production.

The'e were 261 F5 families, composed of 225 Aciduplandsite.About 64 entries were included
short-duration lines from 5crosses and 36 medium- in the yield trial in Cavinte, Laguna. The fertilizer 
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applied was 60-20--20 kg N PK/ha. A serious leaf BI 
infection during the early vegetative phase wiped 
out most good performers of 1986. The yields 
ranged from 0.1 to 1.7 t/ha. The highest yielder, 
IRI 0120-7-2-1-4, has the African variety E425 in its 
background. It showed moderate BI resistance 
(score 3-4). BI appeared more severe at low P levels. 
The best performers included IR29429 lines (1.3 to 
1.6 t/ha), IR23261-23-2-2 (1.5 t/ha) and -2-3 
(1.4 t/ha), IR10147-113-5-11-1-5 (1.5 t/ha), 
B2406B-SM24TB-2-l-MR-5 (1.5 t/ha), and IR43 
(1.4 t/ha). IR29429 lines and 1R23261 lines have 
the weed competitive plant type. IR 10147-113-5-1-
1-5 also performed well at an acid upland site in 
Claveria. 

Evaluatioi of field germplasm for adverse 
environments (Plant Breeding). After 4 yr of 
screening 3,765 entries tinder adverse conditions, 
105(2.7%) were selected. Along with 35 C1 lines of 
389 received from the Centro Internacional de 
A-ricultura Tropical (CIAT), II mutants and 39 
progenies developed by the IRRI-lnstitut de 
Recherches Agronomiques Tropicales et des Cul-
tures Vivribres (IRAT) upland rice project, and 
51 entries recently received from various sources, a 
field germplasm of 241 entries was under obser-
vational trials and seed increase as of December 
1987. 

Most of this germplasm belongs to group 6, 
which includes such traditional upland cultivars as 
Azucena, Dinorado, and Kinandang Patong from 
the Philippines; Makcuta from Africa; and Arroz 
Dos Indios from Brazil. Most of 100 traditional 
upland rice from Japan and 20 from Korea were 
very susceptible to BI in 1987, but a few resistant 
entries, such as Gaisen Mochi, Gose Yowkoku, 
Hideri Shirazii, and Okka Modoshi, were kept for 
their earliness, very good standing vigor, and 
response to low N inputs. 

The most promising lines from Brazil are 
CNA4120 and CNA4164 for adverse conditions 
and low management; CNA4136 and CNA5164 
look better under moderately adverse stresses. 
These CNA entries are very early, drought tolerant, 
and moderately resistant to Bl. 

The very promising CT lines from CIAT have in 
their parentage an IRAT entry from Madagascar, 
and either a Tox line from the International 

Institute of Tropical Agriculture (IITA) or M312A 
from the Ivory Coast, or both. 

The IRAT entries provided useful materials, 
such as IRATI04 and 216. All IRAT entries belong 
to group 6. 1RAT216, widely used as a donor by 
CIAT, is a cross between Colombia l and M312A. 

Very few group I and group 2 entries are 
included in the germplasm. Group I is not adapted 
to adverse environments, w&here it is frequently too 
BI susceptible. All group I entries are medium to 
long in duration. Most group 2 entries are BI 
susceptible. Of those that are not, Aus 196, Aus 
454, and Surjamkuhi are very early, well adapted 
to adverse soils, and high yielding, apparently with 
durable BI resistance, but they lodge before 
maturity. 

Better materials are listed in Table 14. Other 
CNA, CT, and IRAT lines are good performers in 
severe environments. In 1987, a severe leaf BI 
incidence during the early vegetative phase com
pletely destroyed susceptible materials. In addition 
to entries in Table 14, the following entries have 
good BI resistance: I19B, Catetao Precoce, 
CNA4164, CNA4749, CT6510-19-2-I, CT6514-31
5-2, CT6516-1-2-2, CT6516-23-1-2, CT6516-23-1
5, CT6516-6-4-1, CT6660-2-6-5, Dinorado (E), 
EEPG369, Gose Yonkoku, H.D. 1.4, IRATIO8, 
IRATI34 (A), IRAT142, IRATI44 (B), IRATI46 
(B), IRATi64, IRATi66, IRATI69F 10/6, 
IRATI77 (A), IRAT215, IRAT226, IRAT257, 
IRAT258, IRAT260, and IRAT267. All these 
entries can be used as donors for BI resistance. 

Advanced progeny studies (Plant Breeding). 
One hundred fifteen advanced (F 8) progenies were 
studied in nonreplicated observational plots under 
adverse conditions during 1987 WS. 

The characters studied were early vegetative 
vigor (EVV), leaf BI during early vegetative phase 
(LBI), glume discoloration (GID), brown spot 
(BS), leaf scald (LSc), phenotypic acceptability 
(Pacp), yield (t/ha), and seed-to-seed duration in 
days (Mat). The observations are rated acco'ding 
to the Standard evaluation system for rice (I = 
best, 9 = the poorest). 

Table 15 gives the correlation matrix for yield 
and the seven other characters. 

There are negative relationships between yield 
and Pacp and between yield and EVV. BS and LSc 
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Table 14. Top germplasm entries for adverse upland conditions at Mahipon, Philippines, 19 8 7 .a 

Variety or line Origin Seed)to-seed 
duration (d) 

EG EVV LBI Pacp BS LSc GID Amylose 
(%) 

CNA4102 
CNA4120 
CNA4127 
CNA4136 

Brazil 
Brazil 
Brazil 
Brazil 

Less than 95 6 
6 
6 
6 

3 
3 
2 
1 

4 
1 (3-4) 
1 (3-4) 
1 (4) 

5 
3 
4 
3 

2 
3 
2 
2 

3 
5 
7 
4 

4 
3 
4 
2 

21.4 
14.3 
23.4 
22.4 

CNA5164 
IRAT115 
IRAT284 
IRAT288 

Brazil 
Ivory Coast 
Guyana-Brazil 
Guyana-Brazil 

95-105 6 
6 
6 
6 

5 
3 
3 
1 

1 (3-4) 
1 (3-4) 
1 (3-4) 

4 

5 
3 
3 
3 

4 
4 
2 
4 

4 
4 
2 
2 

5 
5 
3 
3 

12.5 
21.3 
21.4 
22.4 

Surjamkuhi 
Arroz dos Indios 
Azucena (C) 
CT6510-24-1-3 
CT6516-1-2-2 
CT6516-21-4-4 
IRAT104 (E) 
IRAT211 
IRATr212 
IRAT216 
ITA130 
KUl15 

India 
Brazil 
Philippines 
Colombia 
Colombia 
Colombia 
Ivory Coast 
Ivory Coast 
Ivory Coast 
Ivory Coast 
Niqerir 
Thuiland 

106-119 2 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

1 
1 
1 
1 
3 
1 
1 
3 
1 
4 
1 
3 

3 (4) 
4 
4 

1 (3-4) 
1 (34) 

4 
1 (3.4) 

4 
3-4 
4 

1(34) 
1 

4 
3 
3 
5 
4 
4 
5 
4 
4 
5 
6 
6 

2 
1 
2 
2 
2 
2 
3 
2 
4 
3 
3 
1 

5 
1 
4 
5 
3 
5 
5 
4 
2 
4 
5 
3 

3 
3 
3 
4 
4 
3 
5 
2 
5 
5 
4 
4 

26.0 

22.0 
15.8 
14.6 
20.6 
9.6 

20.7 
23.4 
14.2 
9.6 
9.7 

Makouta 
Moroberekan (A) 

Ivory Coast 
Guinea 

120-130 6 
6 

1 
3 

1 
1 (3.4) 

4 
4 

3 
3 

5 
5 

4 
3 21.8 

aEG = electrophoretic group, EVV = early vegetative vigor, LBI = leaf blast, Pacp phenotypic acceptability, BS = brown 
= spot, LSc leaf scald, GID = glume discoloration. 

Table 15. Data correlation matrin for yield and 7 other characters. IRRI, 1987. 

Yield (t/ha) 1.000 -0.586 -0.529 -0.218 -0.107 0.414 0.199 -0.290
Pacp -0.586 1.000 0.2780.612 0.191 -0.193 -0.166 -0.048EVV -0.529 0.512 1.000 0.467 0.048 -0.157 -0.282 0.052
LBI -0.218 0.278 0.467 1.0nO -0.066 -0.103 -0.167 -0.175
GID -0.107 0.191 0.048 -0.066 1.000 -0.072 0.219 0.162
BS 0.414 -0.1Ji3 -0.157 -0.103 -0.072 1.000 0.191 -0.188
LSc 0.199 -0.166 -0.282 --0.167 0.219 1.0000.191 0.262
Mat -0.290 -11.048 0.052 -0.175 0.162 -0.188 0.262 1.000 

have low incidence, if any, and apparently have a Yield (t/ha) 
positive relationship to yield. Mat shows anegative 3 
correlation with yield, with the best duration being yied5960039 (d 
about 113 d, about 85 d from sowing to flowering
(Fig. 6). Leaf BI incidence is low in the early 2- * 

• 

vegetative phase, but most entries are tolerant. e 
Incidence is reported if the score is 5 or higher 
during early growth stages. As expected, GID has a 
minor effect on yield, but a serious one on grain 
appearance at harvest. I I I I 3I I I

The percentages for the II groups of best o 11o 112 114 116 118 120 122 124 
progenies according to yield and the 4 diseases Duration (d)
scored are given in Table 16. The acceptability level 6. Relationship between yield and duration. IRRI, 1987. 



212 IRRI ANNUAL REPORT FOR 1987 

Table 16. Number and percentage of 11 groups eccording to top yielders and lower number of diseased entries. IRRI, 1987. 

Designation Cross Progenies 

IR47684 
IR47686 

IR47690 
iR47691 
IR47697 
IR47699 
IR47701 

IR47704 
IR47719 
IR47722 

IR47728 

IRAT104/Kinandang Patong
IRAT104/Palawan 

IRAT140/Kinandang Paong
IRAT140/Palawan 
ITA235/IR9669 selection 
ITA235/Palawan 
ITA235/UPLRi-7 

Moroberekan/Kinandang Patong
IRAT117/IRAT177 
IRAT177/Apura 

IRAT112/Papayo 

Total 

no. % 

1 = 0.87 
69 = 60.0 

1 = 0.87 
19 = 16.52 

2 = 1.74 
9 = 7.82 
8 = 6.96 
1 = 0.87 
3= 2.61 
1 = 0.87 
1 = 0.87 

115 100 

for Bl is 0. 1, 1-2-3 for GID, and 1-2 for BS and LSc. 
The table shows that lRATl04 isagood parent for 
yield potential and BI; UPLRi-7 is good for GID,
13S, and LSc; while both IRATI 17 and IRATI77 
are promising 	for BI and BS. 

Top enz-ries for 

Glume Brown 
Yield Leaf blast discoloration spot Leaf scald 

no. % no. % no. % no. % no. % 

1 = 5.0
 
15 = 75.0 23= 
 88.5 6 40.0 8= 40.0 8= 42.1 

1 = 5.0 2 13.3 3 = 	 15.0 4 = 21.0
1 = 5.0 

= 	 1 = 5 1 = 5.3
1 5.0 1 6.7 2 = 10.6 
1 = 5.0 6= 40.0 5 = 	 25.0 4 = 21.0 

1 3.8
 
2= 
 7.7 	 2= 10.0 

1 = 5.0 

20 100.0 26 	 100.0 15 100.0 20 100.0 19 100.0 

In conclusion, 	the best progenies are given in 
Table 17 and are compared with selected entries, 
including their parents. 

* 	Most top entries are from IRATI04/Pala
wan, both group 6 entries. 

Table 17. Top entries and their main adaptive characters under adverse environments. IRRI, 1987. 

Progeny 

IR47686-18-4-1 
IR47686-30-2-1 
IR47699-64-1-1 
IR47686 - 13-1-1a 
IR47686"9"1"B-lb 
fR47686-31-1-1c 
IR47686-6-2.2-ld 
1R47686-18.1-1 

Mean of 115 progenies 

CT6510-21-5-3 (top yielder) 
CNA4120 
IRAT144 
IRAT104 
ITA235 
Palawan 
UPLRi-5 
Kinandang Patong 

t 

Main adaptive characters 

Yield 
Yield 
Yield, leaf scald 
Yield, blast 
Yield, blast, early vegetative vigor
Yield, glume discoloration, leaf scald 2.1 113Yield, drought 2.0 117Yield, brown spot 1.9 117 

1.4 117 
Selected entries (for comparison from same trial)CIAT, Colombia 
EMBRAPA, Brazil 
IRAT, Burkina Faso 
IRAT, Ivory Coast 
I ITA, Nigeria 
Local check 
Local check 
Local check 

melt). Ranking 3rd out of 100 entries, yield = 3.9 t/ha in Acid Upland Observational Trial (AUOT). bRanking 7th out of500 entries, yield = 2.4 t/ha in AUOT, Cavinti, 1986 (Multiple Cropping). CRanking 1st out of 500 entries, yieldin AUOT, Claveria, 1987 (Multiple Cropping). dTop entry for drought resistance in 
= 5.9 t/ha 

Department). Ranking 1st out of 52 entries, yield 
1987 DS evaluation (Agronomy

= 3.3 t/ha in AUY'T, Cavinti, 1987 (Multiple Cropping). Ranking 5th outof 100 entries, yield = 3.8 tlha in AUOT, Cavinti, 1986 (Multiple Cropping). 

aRanking 4th out o 52 entries, yield = 3.3 t/ha in Acid 

Yield(t/ha) Duration 
(d) 

2.4 117 
2.4 113 
2.3 113 
2.2 120 
2.1 113 

3.0 117 
2.7 113 
2.6 106 
1.6 120 
1.5 114 
1.2 123 
0.9 129 
0.8 119 

Upland Yield Trial, Claveria, 1987 (Multiple Cropping Depart
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" The top yielder is CT6510-21-5-3 from Donor parents included traditional and released
Colombia; IR47686-18-4-1 ranks 9 among DWRs, deepwater breeding lines, and breeding
252 entries. lines for other desirable traits (Table '8).

" The yield potential of these best entries is more Preliminary yidd testing at IRRI. We harvested 
than 5 t/ ha under moderately favorable con- DWR,: in a seed increase plot in shallow water. 
ditions; IR47686-31-1-1 yielded 5.9 	t/ha in IihlV 19 lists the best-yielding lines that also had
1987. acceptable elongation ability in a parallel test in 

* The goal is to recombine the best 1R47686 I-m-deep water.
 
progenies with the top CT, CNA, and IRAT 
 In an observation trial with seed increase, we
entries. An example is CT6510-21-5-3/IRAT planted advanced DWRs in I-m-deep water at 
144/ / CNA4120/I R47686-6-2-2- 1. IR RI. The best-yielding lines are given in Table 20.

The parents are Field testing. We field-tested advanced DWRs 
* CT65)3-21-5-3 = IRATI20/Khao Lo// in these facilities: 

IR8//!Col 	I/M312A 0 Huntra Rice Experiment Station, Thailand.
* 1R47686-6-2-2-1 = IRATI04/Palawan Natural water supply, subjected in 1987 to
• CNA4120 = 1AC47/63-83 severe drought followed by rapid flooding.
* IRATI44 -- IRATIO/IRATI3 	 * Prachinburi Rice Experiment Station,
The first step for such crosses will be made in Thailand. Lines planted in observation nur

1988. series in natural water regimes; maximum 
water depth of I m. 

• Tamisac, near San Dionisio, Iloilo, Philip-
I)EEPWATIER RICE pines. Deep stagnant water, with repeated
Plant Breeding Department flooding in 1987 starting 2 wk after trans

planting.
Hybridization. We made 524 single crosses and 655 0 IRRI's DS drought screening facility.

multiple crosses for deepwater rice (DWR). The 
 0 Caliraya, Laguna, Philippines at a BI screening
aim was to recombine improved plant and grain site used for upland rices.
 
types with tolerance for deepwater conditions. 0 IRRI's BI nursery.
 

Table 18. Parents used in 30 or more F 1 crosses planted in the deepwater rice (DWR) breeding program, 1987. 

Times (no.)
Parent used in Remarks 

crosses 

FRRS43-3 111 West African popular floating rice with good elongation ability and some 
submergence tolerance; drought tolerant and photoperiod sensitive 

Karijawa 57 DWR from the "diarra" lands in Bihar; good elongation ability 
LMN111 mutant 133 Improved plant type, mutt'it of floating rice Leb Mue Nahng 111 from 

Thailand; good elongation ability
Rayada 16-6 31 Traditional floating rice from Bangladesh with resistance to the ufra 

nematode and blast (BI); cold tolerant 
IR11141-6.1-4 267 DWR with improved plant type; released in South Kalimantan; drought 

tolerant; very good elongation ability; resistant to brown planthopper 
(BPH) biotypes 1 and 3 

IR11288-B-B-118-1 67 	 Floating rice released in South Kalimantan; good elongation ability;
photoperiod sensitive; resistant to BI, bacterial blight (BB) race 1, and 
BPH biotypes 1, 2, and 3; good grain appearance

BR311-85-4 30 	 Floating rice, photoperiod sensitive, with good elongation ability; 
promising line in Bangladesh 

Continued on next page 
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Table 18 continued 

Times (no.)

Parent used in 
 Remarks 

crosses 

BR1 18-3B-17 57 	 Medium tall DWR; resistant to BI, green leafhopper (GLH), and BB races 
1 and 2; photoperiod sensitive with some elongation ability and sub
mergence tolerance; drought tolerant 

HTAFR77022-14-157-6 39 	 DWR with improved plant type and good elongation ability 
IR11288-B-B-69.1 111 Photoperiod-sensitive DWR; improved plant type; good elongation 

ability; resistant to BB race 1, BPH biotypes 1,2, and 3, and GLH 
IR20992-7-2-2-2-2-3 40 DWR resistant to BB race 1, BPH biotypes 1, 2, and 3, and GLH; drought 

tolerant with high yield 
IR31406-333.1 52 	 Improved plant type with resistance to salinity, tolerance for drought, 

and very gnod submergence tolerance; resistant to BPH biotypes 1 and 3, 
and BB race 1 

IR32429-47-3-2-2 32 	 Drought-tolerant line with high yield in deep water; resistant to BPH bio
types 1,2, and 3, and to GLH, BI, and BB race 1 

IR38784-100-1-3-6-3 169 Improved plant type with very good elongrtion ability: resistant to BB 
race 1, BPH biotypes 1, 2, and 3, and GLH; good grain appearance and 
intermediate gelatinizatiun temperature 

SPR7274-0-0-1 10 Improved plant type DWR; strongly photopa1iod sensitive and resistant 
to GLH; cold tolerant 

IR4563-52-1-3-6 33 Improved plant type with tolerance for Fe toxic problem soils 
IR64 116 Modern variety with good grain appearance, intermediate gelatinization 

temperature, and snft gel consistency 
1R9782-111-2-1-2 41 Breeding line with improved plant type, very good drought tolerance, 

and resistance to BI and BPH biotypes 1, 2, and 3 
B4259-48-1-i-i-2-2-2-1-3 189 Improved plant type resistdnt to 3 BPH biotypes, GLH, and BI;good 

grain appearance and intermediate gelatinization temperature 

Table 19. Best-performing lines in an observational trial in shallow water. IRRI, 1987 WS. 

Elongation Height Flowering date YieldDesignation in 1 m water a (cm) 	 (t/ha) 

IR39564-81 -B-B-1 4 160 28 Sep 2.2 
IR38684-8-3-3-6-1-2-2-2 2 175 1 Oct 2.2 
IR41430-502-3-2-2 2 	 170 1 Oct 2.5 
IR42506-531-1-2-3 4 	 150 3 Oct 2.9 
IR38684-8-3-1-2-2-3-1-3 2 160 3 Oct 2.9
 
IR37449-13-HM-1-1-3-3-2 4 153 3 Oct 3.1
 
IR42506-531-1-2-1 
 5 118 6 Oct 3.3
 
IR40905-11-3-1-5-2-24 1 15a. 10 Oct 3.5
 
IR42506-531-1-2-2 
 5 	 160 10 Oct 3.0 
IR42529-104-2-3-3 4 165 10 Oct 2.2 
IR40905ol1-3-1-6-3.21 1 170 10 Oct 2.4 
lR414Q5-16--3.2-3-3 3 140 10 Oct 2.2 
I R 4090511-3-1-5-2.22 1 160 12 Oct 3.0 
1R40$05-11.3-1-5-2-21 1 161 12 Oct 3.8 
IR40905-1 1.3-3-4-1.21 1 165 15 Oct 2.1 
IR41405-16.1-3-2-3-2 3 135 15 Oct 2.2 
1R38685-23.1-3-6-3-2-2.1 4 147 15 Oct 3.6 
IR40905-11-3-1-5-2-23 1 150 15 Oct 3.6 

aBy SES. 

http:1.3-3-4-1.21
http:4090511-3-1-5-2.22
http:IR40905ol1-3-1-6-3.21
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Table 20. Best performing lines in an observational trial in Table 21 lists the best lines from among the 400
deep water. IRRI, 1987 WS. lines tested. 

Designaticn Height Days tp Yield We continued exchanging bulk andF2 F3(cm) flowering (t/hal populations with DWR breeders. Breeders usuallyR42569-329.5-2.1 1 request crosses with a parent of proven accepta
IR4256-329-52-1 1il 158IR33226.15-1-3-3.2 120 2.0 bitynthsteccred175 1.9 bility in the site concerned.IR33225-45.3-1-1-2-3.1 117 177 2.0 Table 22 lists F 2 and F3 bulks performing best in6KNFR76010.108-2 159 180 2.2 at least two locations. 

1R38692-33.3-3.6.22 120 180 2.3
 
IR42479.85-2-1-3.3 120 180 1.9
 
IR33225-45-3-1-1-3.2-3 120 
 180 1.5 TIDAL WETLANI) AND PROBLEM SOILS RICE

IR38692-33.3-3.6.21 120 180 1.8

IR33225-45-3.1-1-2.1-3 115 180 1.8 
 Plant Breeding and Soils Departments
IR38787-50-5.3-2 159 185 2.2
 
IR38692-33-3.6 120 
 185 1.9IR42580-23-2-1.1-1 120 185 2.0 In 1987, all breeding fortidal wetland problem soilsIR38692.33. '-3.5 120 185 1.8 was linked to the newly established regional (South
IR33225-45.:;.-i-1.2 115 190 1.9 and Southeast Asia) Cooperative for Research onIR409051 1-3.153.3 130 230 2.8 Problem Soils. The Cooperative aims to strengthen 

Table 21. Promi-..n deepwater lines from field observations on deepwater survival in Thailand and in Iloilo, and drought
and blast tssts in the Philippines. 1987. 

Acceptability a 
Drought Blast

Designation 

toleranceb 

HTA PCR ILO 
 Caliraya IRRI 

RD 19/1R54
IR37026-R-3-1-1 
 3.3 - 7.0 4.0 5.0 4.5 
SKN7022-6-4/1IR25861-31.1-3 
IR40555-33-2-3-1-1-1 
 3 7.0 3.4 6.0 5.5 
Badal 613/R 11288-.8- #18.1 
IR40905.11-3-3-5-2-3 
 3 6.1 3.2 5.5 8.0
NSPT/1R7732-RGA-B-A96- 1 
IR41271-76-1-1-2-1-1 5.2 - 5.6 4.7 6.0 5.0IR41271480-1-2-1-3-2 7.5 - 5.8 1.9 3.5 4.0 
IR8234.OT-9-2/Nam Sagui 19 
IR41425-112-23-1-2 4,5 
 - - 3.1 4.0 2.0IR41425-58-22-2.3 5.8 - - 4.2 2.5 2.6IR41425-65-25-1-3 5.2 - - 4.2 4.0 1.0
lR8234-OT-9-2/IR4630.22.2.17 
IR41427-195-22-1-3 
 5.3 - - 2.1 4.5 3.5
IR41427-22-2.4.3-2 
 5.6 - -- 3.6 4.5 5.0IR41427-221-1-4-2-1-3 3.6 -  1.9 5.5 4.0 
IR8234-0 T-9-2/IR 13146-45-2-3 
IR41430.117-2-2-2-3 4.5 -  2.2 6.0 4.5IR41430-118-8-2-1-1 5.2  - 2.9 2.5 3.5
64-117/IR 19667-131-1.3 1-3/IR 13259153-5E-P2-2/IR8234-OT.9-2 
IR42531-39-3-2-2 5.8 - 5.6 3.0 4,5 2.0IR42531-84-1-1-1 2.6 - 7.0 4.7 4.0 7.0
IVam Sagui 19/IR 71288-B.B-288. //RD19/IR 11288.8-B.445.1
 
IR42555-72-2-2.2-1 3.9 - 3.6 6.2 3.0 1.0IR42555-72-2-2-2.2 4.7 - 5.5 5.3 4.0 0.5
RD 19/Murungkayan 1018//Nam Sagui 19/IR19661.131-1.3.1-3

IR42566.62-2-1-2-2 5.8 - 6.4 6.5 4.0 4.0IR42566-62.2-2--3 4.4 - 7.0 5.0 4.0 3.5 
RD 19/IN 19661-131.-2//RD 19/IR50

IR42577-21-1-2-2-2 
 2.8 - 3.6 5.0 5.5 4.5 

Continued on next page 

http:lR8234-OT-9-2/IR4630.22.2.17
http:IR38692.33
http:IR38692-33.3-3.6.21
http:1R38692-33.3-3.6.22
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Table 21 continued 

Acceptabilitya Drought BlastDesignation toleranceb 
HTA PCR ILO Caliraya IRRI 

RD 19/IR 19661-131-1-2//RD 19/IR 15314-43-2-3.3
IR42579-8-1.1-2-1 6.0 - 6.4 3.5 2.5 
 1.0 
RD 19/Murungkayan 101B//BIET1048/DWCT156.1

1R42513.12-6-1-2-3 - 3 5.0 1.8 4.0 1.0H TA7406-111-0-O-2/SPR7282-2-O-5-2//IR 13423-10-2-3/IR11288-8-8-118.1
IR43946-45-2-1-2 2.1 - 6.4 3.1 7.0 5.5IR4394(j-45-3-3-3 3.8 -- 5.0 3.5 7.5 6.0
HTA 7406.11 1-O-O-2/SPR7292-151-2-1//KDM 105/IR 11288-B-8.69-1

IR43947-46.3-1-1 4.2 - 6.2 2.1 5.0 5.5IR43947-50-3.2-1 3.3 - 4.2 3.5 6.5 5.0IR43947-98-2.3-1 3.0 6.1 3.3 4.0 4.5HTA 7406-1 1-0-0-2/SPR7292-151-2- 1//RD 19/IR 17494-32-3-1-1-3
1R43950-3-3.1-1 2.2 - 3.6 3.4 5.5 6.51R43950-40-2.1-1 4.3 - 4.5 3.6 5.5 4.5 

a Hintra Rice Experiment Station, Thailand (HTA): drought followed by fast flooding. Prachinburi Ri:e Experiment Sta
tion (PCR): 1 m stagnant water. Tamisac, Iloilo,Philippines (ILO): flash flooding during early vegetative growth. bField 
test for drought tolerance at IRRI, av of scores. 

Table 22. F2 and F3 bulks with outstanding acceptability 
in at least 2 off-station deepwater locations. 1987. 

Cross Sitesa Parentage 


IR47587 TSC, HTA 	 IRi7491-5-4-3-3/ 

IRI 1288-B-B-1 18-1


IR48166 TSC, NVN CN540/IR56//CN540/IR9764. 

45-2-2 


IR48194 TSC, HTA HTA7205-1 1/HrAFR77043.2// 

HTAFR77022-14-157-1
 

IR48280 TSC, HTA BKNFR76106-13-2/IR46// 

Tilockachari 33-754/

IR18348-36-3-3 


IR49953 TSC, HTA IR21037-2-1-2E-P3.6// 

IR13149-19-1/lR1 1141-6-1-4
IR49965 SVN, HTA 	 IR21037-2-1-2E-P3.6// 
IR31432-2-3/RD19

IR49966 SVN, HTA iR21037-2-12E-P3-6// 


RD19/TCA177

IR49971 TSC, HTA 	 BR516-48-3/HTA FR77022-14. 


157-1//IR21037-2-1-2E-P3-6 

IR49998 TS,, HTA IR6023-10-1-1/TOx 896-R-R-R-

102//I R21037-2-1-2E-P3-6 
IR49999 TSC, HTA IR6023-10-1.1/TOx 896-R-R.R-

102//1R21178-43-1-2.2-2
IR50064 TSC, HTA 	 IR13419-113-1/HTAFR77022-

14-157-6-1//I Ri 7494-32-3.1
1-3/IR1 1288-B-B-05-8-3 

IR51193 NVN, KDP 	 IR21567.9-2-2-2-1-2-2-2/
I R27527-CPA 12-501-1.3/I
IR21567-16-2-2/R31406-333.1 

Tamiac (TSC): rapid flooding. North Vietnam (NVN):flash flooding. South Vietnam (SVN): rapid flooding, 
Huntra (HTA): flooding 1m deep. Kakdwip (KDP): flash
flooding and salinity, 

one national breeding program for each problem
soil type, including tidal wetland. 

For salinity, collaborative breeding began withthe Central Soil Salinity Research Institute 
(CSSRI), India: coastal salinity at its regional 

research station in Canning, West Bengal; and 
inland salinity at the Karnal headquarters. The
Saline Agriculture Research Station, Sadhoke, 

Pakistan, initiated breeding work on alkaline or 
saline soils.

The Banjarbaru Agricultural Research Institute
for Food Crops (BARIF), South Kalimantan, 

Indonesia, is developing improved varieties for
tidal swamps with peat soil. Collaborative research
with Thailand at the Rice Research Center, 

Pathum Thani, emphasizes acid-sulfate soils. In Sri
Lanka, the Regional Agricultural Research Center,
Bombuwela, is 

breeding for Fe toxic soils.In 1987, we made 220 single crosses and 165 
multiple crosses, mostly in collaboration withbreeders. Traditional varieties were widely used. A 

special hybridization block was established atIRRI to include highly photoperiod-sensitive 
varieties from Thailand, Indonesia, Sri Lanka, and 
the Philippines. 

Breeding materials were advanced at IRRI, withselection restricted to resistance to lodging, pests, 

and diseases. Of 108 bulk populations evaluated, 
ranging from the F 2 to the F5, 78 were advanced. 
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Many discarded crosses were highly susceptible to 
BB and RTV. 

In WS,breeding materials were evaluated at 
target sites. Because many national program sites 
were not yet developed, we used six sites in the 
Philippines (Santo Tomas, Castuli, Lanjagan, 
Santo Rosario, and artificial saline and alkaline 
fields at IRRI). Of50 bulk populations evaluated 
in Santo Tomas, lPampanga (coastal, acid saline), I 
F,and 5 F3 were mass-selectcd, and single plant 
selections were made from 28 F4 and 3 F5 
populations. At the coastal saline site in Castuli, 
Panipanga, 29 of the 30 F. bulks planted were 
mass-selected. All other bulks, II F4 and 17 F5 
werc single plant selected. Of thc 26 F2s planted in 
Lanjagan, Iloilo (coastal acid sulfate saline), 17 
were mass-selected. In Santo Rosario, Iloilo (acid 
sulfate), all 26 F2 populations evaluated were mass-
selected. Soil stresses in these locations were 
moder-ate, but climate hazards such as flash floods 
were !,evere. The saline field at IRRI was used to 
evaluate and select 5 F,, 17 F3, ;nd 2 F 4 bulks. In 
the al aline field, I F3 and 3 F4 bulks were 
advan(led. 

In Thailand, selections made in previous years
and II, F- populations were evaluated in Ong-
kharak. Acidity was severe during the vegetative 
phase because of drought followed by several flash 
floods. Deepwater condition existed from flower-
ing to ripening. 

Ten F2 bulk populations were evaluated in West 
Bengal, India, in coastal salinity and tidal svwamp 
conditions. Because of prolonged walerlogging, 
few segregants survived. No selections were made 
because survivors did not express agronomic traits 
better than those of local checks such as SR26B. 
F12bulks of crosses made with varieties tolerant 

of peat soil conditions were established at the 
Cooperative's site in South Kalimantan, Indonesia. 

In Pakistan, 16 segregating populations were 
evaluated, ranging from the F3 to the F6, all 
previously advanced under artificial alkaline soil 
conditions at IRRI. These crosses adapted well to 
saline-alkaline soil conditions. Short-duration 
types were selected for further testing. 

Segregating populations could not be evaluated 
at the Fe-toxic soil site in Sri Lanka. 

We composed 4 nurseries: 1)with 50 advanced 
IR lines tolerant of salinity, P deficiency, and Zn 
deficiency; 2) with 20 traditional varieties cultivated 
in coastal acid-saline soils of West Africa; 3)with 
15 traditional varieties from South Kalimantan, 
Indonesia, with soil problems associated with 
peatiness; and 4)with F, anther cuiture derivatives 
of IR croszes involving highly salt-:olerant 
varieties. These nurseries were distributed among 
Cooperative members for isolating suitable parents 
for hybridization work. 

In West Bengal, India, IR lines, and West 
African and Indonesian varieties were tested. Four 
IR lines - IR4630-22-2-5-1-3, 1R37257-41-3-2-3, 
IR39558-48-1-2-2, and IR40578-13-2-2-3-2-2
performed well. Many West African and Indone
sian varieties appeared promising during the 
vegetative phase but had high photoperiod sen
sitivity. One of each group expressed correct 
duration. Nurseries tested in Thailand were similar 
to those of West Bengal. Anther culture derivatives 
were tested in alkaline soils in Karnal, India, and 
on alkaline-saline soils in Sadhoke, Pakistan. All 
lines showed tolerance for -oil stresses, bu: their 
growth durations were too long. 

In Sri Lanka 'R advanced lines were tested for 
Fe toxicity tolerance, but the stress condition was 
too low to detect differences. Results from Indo
nesia will bleavailable next year. 

These tests have identified varieties and breeding 
lines adaptable to a range of soil stresses. To 
develop commercial varieties, however, breeding 
materials with higher genetic variability such as 
early or advanced bulks need to be evaluated and 
selected at each site. 

On request, we supplied early generation bulk 
populations, advanced breeding lines, and varieties 
to Bangladesh, Fiji, Jamaica, Madagascar, China, 
Sierra Leone, and Vietnam. 

Moreover, we initiated, in collaboration with the 
Republic of Korea, a breeding program to incor
porate salt tolerance of some indicas intojaponicas. 
Salt-tolerant japonicas are increasingly needed for 
saline ricelands in the Middle Eact and in the 
Korean peninsula. See details in ihe section on 
Adverse Temperature Tolerance. 
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BIOLOGICAL CONTROL 

P!ant Pailohg.i' Diepartmeni 

Bacterial isolates. We continued to screen and test 
baclerial isolates for their efficacy as bioligical 
control agents against rice pathogens. 

In the laboratory, bacteria were tested in vitro 
for inhibition of' mycclial growth and sclerotia 
germination or infectivity. We used a detached-leaf 
technique to mea-surc how wcll these bacteria infect 
target pathogens. A seed germination test (un-
treated seed with futIgic ide used as a check) further 
assessed the effect of bacterization. 

Twenty-three isolates representing the genera or 
species identified last year (Annual report for 1986) 
were tested in seed germination of four rice 
cultivars-- IR36, IR42, 1R58, and IR64. Untreated 
seeds of each cultivai' were soaked for 10 min in a 
suspension (10' colony-forming units ICFUI/ml) 
of each bacterial isolate. Using blotter germination 
for 5 d, we measured germination, plus hypocotyl 
and radicle length .. 

Germination of IR58 increased from 78 to 93%; 
that of IR64, from 8Q to 97(/j (Table I). No effect 
was observed on IR42 and IR36. IR58 and IR64 
seeds bacterized with Bacillus spp. and Entero-
bacteriaceac germinated best. 

Bacteria also enhanced radicle and hypocotyl 
development. Bacillus spp. enhanced the radicle 
and hypocotyl development of all cultivars except
IR42. The three isolates of Pseudomonasfluores
tens inhibited the radicle and hypocotyl of IR36, 
IR42, and IR58. The two isolates of P. rubrisa
balhicans inhibited the radicle and hypocotyl of 
IR42, IR58, and IR64 butenhanced thoseof l1R36. 
Seed treatment with P. arrugino.sapromoted the 
radicle and hypocotyl of IR36, IR42, and IR64 but 
not those of IR5& 

Rice fungal diseases. In 1986, many bacterial 
strains isolated from the rice system inhibited 
mycelial growth in vitro. These isolates were tested 
against sheatth blight (ShB), blast (BI), and bakanae 
(Bak) in lc greenhouse and in Korean fields. 

In the greenhouse, seeds of Cheong-cheong
byco were coated with individual bacteria from 16 
isolates and sown in seedboxes previously infested 
with Rhizoctonia solani (ShB) and Fusariumn 
moniliforme (Bak). Seeds soaked in sterile water 
served as checks. Disease incidence was measured 
at 21 d after seeding (DAS). A spore suspension of 
Pyriculariacryzae was -prayed on plants at 20 
DAS, and lesions were counted at 10 d after 
treatment. 

Some of the 16 isolates tested effectively reduced 

Table 1.Effect of seed bacterization a on germinationb, hypocotyl length, and radicle length of 4 rice cultivars. IRRI, 1987. 

Parameter Bacillus Enterobacteriaceae Pseudomonas Pseudomona. Pseudomonasspecies (5) (6) fluoresccns 
(3) 

Germination %) 
Height (mm) 
Radicle length (mm) 

96 ± 2.15 
46 ± 2.28 
51± 8.80 

97 ± 1.95 
38 ± 3.06 
45 ± 10.45 

IR36 
87 ± 1.25 
25 ± 15.50 
36 ± 11.80 

Germination %) 
Height (mm) 
Radicle length (mm) 

94 ± 6.49 
40-t 4.95 
44 ± 15.84 

96 ± 2.06 
34 ± 1.81 
53± 1.05 

IR42
84 ± 8.22 
36 ± 3.72 
48± 18.97 

Germination %) 
Height (mm) 
Radicle length (mm) 

93 ± 1.94 
54 ± 5.80 
65 ± 15.40 

91 ± 3.30 
40 ± 4.60 
56 ± 7.39 

IR58
70 ± 17.91 
30 ± 3.90 
55 ± 18.65 

Germination %) 
Height (mm) 
Radicle length (mm) 

95 t 
47 ± 
60 ± 

2.32 
1.70 
4.9 

97 ± 3.02 
38 ± 3.60 
58 ± 10.50 

IR64 
86± 7.90 
37 ± 3.40 
63 t 15.80 

aFigures in parentheses indicate number of isolates. bAt 5 d after seeding. 

rubrisubalbicans 
2) 

aeruginosa 
(7) 

Check 

99 ± 0.50 
34 ± 0 
35 ± 10.0 

98 ± 
41 ± 
61 ± 

1.59 
2.13 
1.25 

96 ± 
25 ± 
31 t 

6.93 
2.28 
1.50 

95 ± 1.50 
25 + 2.50 
27± 12.00 

98 ± 
32 ± 
52 ± 

1.36 
4.05 
7.07 

96 ± 0.50 
28 - 9.91 
50 ± 6.69 

93 ± 0.50 
45 ± 1.75 
48 t 12.12 

88 ± 3.16 
43 ± 16.88 
59 ± 24 

78 ± 
51 ± 
65 ± 

6.22 
3.45 
2.68 

97 ± 
40 ± 
53 ± 

0.50 
2.50 
2.50 

95 ± 3.60 
40 t 3.10 
57 ± 10.8 

89 ± 7.68 
37 ± 1.87 
56 ± 11.72 

http:arrugino.sa


Bak incidence. The bacterized seed had 1.6 to 67% 
Bak, compared with the check with 74%. Isolates 
45, 55, 145, 97,and 165, which produced fluores-
cent pigments on King's medium B,appeared most 
effective (Table 2). 

On Shil,iso la te 55 w asm ost effectiv e, fo llowedb isl t 1 5.ContrJl 
by Isolate 125. 

Many isolates did not reduce 131infection. 
However, the lesions per hill on seeds coated with 
Isolates 55. 22, and 91 were 53.2, 65.4, and 66.7,
respectively, while the clieck produced 244.2. 

Baclerization on 131was also field-tested, with 
lesions countLd al 50 DAS. Although the p!'Ating
%sas 2 nio later than farmers' plantings, 13I 
developed enough for assessnent of bacterial 
control. Isolates 41, 55. and 127 were comparable 
to fungicide treatilmelts with validamvcin. 
Moreover, leaf imprints on King's medium B 
detected the baclria. 

These results suggest great potential for using
antat-nistic bacteria isolated fon ricefields to 

mnage rice lung:) diseases caused by P.orla, R. 

.dani, and F.mounilifhrmne. Few isolates, however,
 
arc effective against all lhree diseases. 


Trichoderma spp. In earlier studies (Annual 

report for 1986), 13 Triclhdermaspp.were isolated 

from Philippine ricclields. The isolates varied in 

their cellulolysis adequacy index (CAI). We 

selected isolates having high CAI and myco-

parasitism and detrmiined their ability to control

damping,-off Of mtngbean caused by R. sol/ai in 

the greenhouse.


tegenos.T.A higher percentage oifmungbean emerged with 

7glwcnm, 7: resei, and 
T.viride inoculations 

(Table 3). CAIs of different species of Trichoderma 

positively correlated with the number of seedlings

that emerged in Trichoelerina- and pathogen-

treated :oil. Isolates with high CAl had high

saprophytic activity, reducing disease incidence. 


T. reesei, T.glaucum, and T. viride-allhigh in 
disease control--were tested for survival ability in 
natural soil and for their effect on plant growth. 
Soil and 7richh(k'rma were mixed 10:10, 10:0.5, 
and 10: 0.(0 I. Fifty nLungbean seeds were sown, and 
emergence was recorded at 10 DAS. One month 
after nmngbean11 harvest. 25 IR58 rice seeds were 
directl' seeded in the same soil. Trichodkrnla 
populations in nonrhizosphere and rhizosphere 
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Table 2. Effect of antagonistic bacteria on rice diseases in 
the greenhouse.a Korea, 1987. 

Disease incidence M Blast lesions 
Treatment Blastl)
 

Bakanae Sheath blight (no./hill) 
- 7 3 .973.9 gg 46 .0 de 24 4 .246.0 de 244.2 ff 

Isolate 22 66.9 g 31.3 a-d 65.4 ab 
Isolate 53 45.1 f 43.8 de 112.6 abc 
Isolate 137 40.5 ef 33.4 a-e 229.4 eflsolu*e 125 36.8 ef 19.8 ab 102.6 abIsclate 91 32.0 def de44.8 66.7 ab 
Isolate 167 28.0 c-f 41.7 cde 193.4 def 
Isolate 72 24.9 b.e 27.1 a-d 166.6 cdeIsolate 127 23.4 b-e b-e40.1 85.4 abIsolate 162 16.4 a.d 27.1 a-d 172.8 cde 
Isolate 166 15.2 a.d 31.3 a-d 208.5 ef 
Isolate 41 11.5 abc 21.1 abc 101.9 abIsolate 165 7.4 ab 39.6 b-e 223.2 efIsolate 97 6.7 ab 52.6 e 130.6 bcd
 
Isolate 145 
 3.9 a 41.7 cde 99.8 ab
 
Isolate 55 2.2 a 
 17.7 aIsolate 45 53.2 a1.6 a 31.3 a.d 174.1 cdeValidamycin  28.4 a-d _ 

Av of 4 replications. In each replication, 3 fully ox
panded leaves/tiller in all of the plants w.rp scored. 

Table 3. Emergence of mungbean seedlings inoculated 
with 2 levelsa of Trichoderma slp. in soil with Rhizoc. 
tonia solani inoculum. IRRI, 1987. 

Germination (% of
 
Trichoderma species 
 mungbean 

1 2 

T. aureoviride 12.3 5.3 
T. glaucum 39.6 17.3hamatumn 0 0T. harzianum 6.7 0.67 
T.koningn 3.3 0
".polysporum00T. longibrachiatum 9.3 2.7 

T.piluliferurn 5.3 0 
T. pseudokoningii 0 0T. reesei 34.8T. viride 14.337.7 12.6
 
Trichoderma sp. I 
 0 0
 
Trichoderma sp. II 
 0 0
 
No Trichoderma (control) 0 
 0
 
aR.solani: Trichoderma substrate: 1 = 1:1,2 = 1:0.25. 

soils were estimated by dilution plating using 
Trichoderma selective medium. All three Tricho
dternla spp. survived until crop maturity and 
colonized the rhizosphere of' mungbean. Nonrhi
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zosphere and rhizosphere Trichoderma popula-
tions at 10 DAS significantly correlated with the 

number and dry weight of mungbean seedlings that 
emerged. Furthermore, both populations at 20 and 
90 DAS (Fig. I) correlated significantly with 
mungbean yields. In rice grown after mungbean, 
rhizosphere populations of Trichoderma spp. 
increased (Fig. 2). 

Changes in the population of infective mycor
rhizal fungi. In 1985 and 1986, we reported 
mycorrhizal population changes at different stages' 
in the rice-based cropping systems in Nueva Ecija, 
Philippines, and ShB reductions in rice and maize 
from adding mycorrhizal fungi to soil. We con-
tinued to determine the infectious vesicular-

lowstThe ioculmwa poentili soi----Coj~arbuscular mycorrhizal (VAM) fungi in one rainfed 
ricelield in Manaoag, Pangasinan, Philippines.

The inoculum potential 	 was lowest in soil 

sampled after land preparation, and highest at 
upland crop maturity (Fig. 3). The VAM fungal 

Mungbean yield (g/pot) 
40 %
 

0
 

r=071m 
Y =30675+0071X 

30 V 

13. 
Rhizosphere population (X1O3 CFU/g dry

0
soil) 

3r=O891"
30 -V7: Y2851+o51x
 
V 


Soil Trichodermo substrate 
wCONTROL 0o0 0OIo10057 TreeseiC O 1L1010'05 V 1000110001 Trgoucu 

0101 1O05 VlOOOlTvride 

0 50 100 150 200 
Nonrhizosphere population (X1O 3CFU/g dry soil) 

I. Relation between mungbean yild and rhizosphere and 
nonrhi7osphere populations of 3 Trichokrmaspp. at90d after 
seeding. IRRI, 1987. 

Trichodermo population (XIO3CFU/g dry soil) 
400 Treesei o) b) 
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2. Rhizosphere and nonrhizosphere populations of 3 Tricho
derma spp. at different growth stages of mungbean and rice, 
IRRI, 1987. DAS = days after seeding. 
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Endomycorrhizal fungal populations at various stages of the 
cropping pattern in arainfed ricefield in Manaoag, Pangasinan,
Philippines, 1987. 

population plummeted after harvest, when soil was 
plowed under, increased at early crop stages, and 
peaked at maturity. 

Comparing the endomycorrhizai inoculum 
potential of rhizosphere and nonrhizosphere soils 
from the same field showed that the soil associated 
with roots had more infective VAM propagules 
than the soil some distance from the roots 

(Table 4).
Weeds in fallow fields were all mycorrhizal 

except for Saccharum spontaneun sampled from 
lungog after harvest of irrigated rice (Table 5).
However, S. spontwaneum roots from Manaoag 
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Table 4. Most probable number (MPN) of VAM fungal
propagules per 100 g air-dried soil in the rhizosphere 
and nunrhizosphere areas sampled from a rainfed ricefield
in Manaoag, Pangasinan, Philippines, 1987. 

Area Rhizosphere Nonrhizosphere
sampled MPN Rangea MPN Rangea 

A 350 106-1155 23 7-76 
B 110 38- 363 22 7-73 
C 268 81- 884 25 8-83 

a9 5% confidence limits, 

collected after harvest of rainfed rice were colonized 

by VAM fungi. 


In a pot experiment with weeds allowed to grow 

with rice in field soil, all weeds were mycorrhizal in 

soil watered to field capacity until the rice matured 

and in soil flooded for 3 wk after transplanting, 

then drained and watered to field capacity until the 

crop matured (Table 6). 


Stll) 'ATH OLOGY 

Plant Pathologi Department 

Pseudomonad pathogen. Grain and sheath dis-
coloration is becoming a serious problem in the 
tropics. Scientists at the Centro Internacional de 
Agricultura Tropical identified Pseudomonas 

./uscovaginae,causing bacterial sheath brown rot, 
as the major vause. They also reported that the 

Table 5. Mycorrhizal weeds in Philippine ricefields, 1987. 

Weed Location a 

Saccharum spontaneum L. Manaoaq, Pangasinan 

S. spontaneum L. Lungog, Guimba, Nueva Ecija 

Commelina sp. Manaoag, Pangasinan 

Cyperus sp. Turod, Guimba, Nueva Ecija 

Echinochloa colona (L.) Link Turod, Guimba, Nueva Ecija 
Paspalum distichum L. Lungog, Guimba, Nueva Ecija 

pathogen had been isolated from Philippine seeds.In 1987, we started to explore the relationship of 

sheath and grain discoloration on rice at IRRI. 
We isolated fluorescent and nonfluorescent 

bacteria from apparently infected seedlings, dark
brown sheaths, and partially or completely dis

colored grains. The seedlings were taken from 
blotter tests and nursery beds, while the sheaths
and grains were collected from the IRRI farm. The 
fluorescent bacteria showing greenish or bluish 
fluorescence on King's medium B by tissue plating 
were isolated more often from grains than from 
sheaths and seedlings. To determine pathogenicity, 
cultivar Cica 8 was inoculated at the early tillering 
stage. Because reports showed that - high con
centration of these pseudomonads generally cause 
browning on sheaths, we tested the i. culation 
method and the inoculum concentration. 'Ve used 
a concentration of 0.30 O.D. at 420 nm by 
injection, in KB cabinets (25/25 'C day and night 
temperature, 98% relative humidity (RH)) or in the 
greenhouse. 

Of 135 isolates tested, 73 showed dark brown to 
purplish brown discoloration on sheaths, extending 
linearly from infections. Lesions appeared water
soaked with undefined margins under low tem
perature and high RH. Greenhouse tests showed a 
similar but restricted discoloration and no water
soaked appearance. The inoculated plants grown 
until maturity yielded partially or completely 
discolored grains. 

Mycorrhizal Sampling stage
ratingb 

3 After harvest of rainfed 

lowland rice 
0 After harvest of 

irrigated rice 
1 After harvest of raiifed 

lowland rice 
1 Fallow period before 

the wet season rice crop 
2 Fallow period 

2 Fallow period 
a Lugg=lwliebLungog Iow-lying stratum, turod = upper stratum. Mycorrhizal rating, qualitative and descriptive: 0 = no mycorrhizaformed, 1 = 1 to 5% of roots colonized, 2 = 6 to 26% of roots Lolonized, 3 = 27 to 50% of roots colonized. All those rated
above 0 showed larger, more uniformly distributed colonization sites. 
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Table 6. Mycorrhizal weeds growing with rice in puts The recovery of R. solaini was negatively
under varying moisture conditions. IRRI, 1987. correlated (r = -0.48**) with increase in Tricho-

Moisture Mycor- derma (Fig. 4), espccialy with IR36 (r = -0.80"*). 
condition Weed species rhizal Apparently, IR36 straw decomposed faster. 
of soil ratinga Therefore 1(36, although more susceptible than 

Soil flooded up to Monochoria vaginalis 0 other varieties to R.SO/n.iay not be an
maturity (Burro. f.) Presi. important source of' inocLluht. In contrast, 11(64

Soil flooded for 3 wk Cynodon dactylon (L.) 1 s and IR62, though less susceptible than 1136, 
after transplanting, Pers. 
then drained and ,yperus difformis L. 2 s decompose slower, and so may serve as n
watered to field C. iria L. 1 I important source of illOCulhlnm. The Tricholerma 
capacity until Eclipta zippeliana BI. 3 s in the soil will aTect i' inoculum potential. 

maturity Lindernia anagallis 1 s 
(Burm. f.) Penel through its ability to decompose the straw. 

Ludwigia hyssopifolia 21 Sheath blight and inoculum dynamics (Plant
(G.Don.) Excell Pathology). To determine the varietal differences 

Mimosa pudica L. 31 in ShB severity, inoclun dynaics, and the role 
Rotala catholica (C. & S.) 1 s 

B. Van Leeuven of' T'ichoc/'ma population, the same four varieties
Soil watered to Cleome rutidospertna DC. 3 I were planted for five continutous upland croppings

field capacity until Cyperus difformis L. 1 1 
maturity C. iria L. 1 s starting in 1985 1) (January-May) and ending in 

Eleusine indica (L.) 1s 1987 )S (February-.lune). Each variety was
Gaertn. direct seeded in hills 0.20 cm apart in plots

Eragrostis tenella L. 1 measui 
Beauv. ex R. & S. me'suring 3.6 X 2.8 m. Each treatment was 

Lindernia anagallis 1 s replicated four times. The first crop was initially
(Burm. f.) Pennel inoculated with I-R-I isolate of R. solani in rice 

Rotala catholica 1 s 
(C. & S.) B. Van 
Leeuwen 

Scoparia dulcis L. 2 I R sofani (%)
 
Vernonia cinerea (L.) Less. 1 s 40
 

aMycorrhizal rating: 0 = no mycorrhiza, 1 = 1 to 5% of 0 V * All vorietres combined
 
roots colonized, 2 = 6 to 26% of roots colonized, 3 = 27 
 r=-048*1 
to 50% of roots colonized. s = small, widely scattered y=1578-0l1X

colonization sites, I = larger, more unifnrmly distributed 
 T IR36 
colonization sites. "30 r=-080 

* y:2969-035X 

ECOL.O(Y AND EIIDEMIOLOGY 

P/ain Patlhologj, E/ntomo/ogir, and Agronomt' 20
 
Departnmnts 
 * 

Saprophytic survival of Rhizoctonia solani (Plant 
Pathology). We studied the survival of R. solani, 
the S11B pathogen, from infected varieties differing 10 

in resistance: IR64, 1R62, IR36, and IR58. IR64 V 
and IR62 are moderately resistant to ShB, while 
1R36 and IR58 are susceptile. Straw pieces 2.5cm • 0 

long were buried in upland soil at 50 pieces/ 00 , o0 
treatment. At 2-wk intervals for 8 wk, the straws 0 20 40 60 80 100 
were sampled and plated in acidified potato Thchodermo sp% 

4. General relation between the recovery of R. so/ani and 
recovery of Trichoherma spp. from infected tissues of 1R64,lerma were counted. tR62, 1158, and IR36 buried under upland soil. IRRI, 1987 
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grain-rice hull medium. Disease severity, based on proteins of PXO 86, using Ouchterlony double 
relative lesion height of ShB, was obtained at diffusion tests (Table 7). Within Serovar 1, two 
flowering and at 15-20 d after flowering, subgroups were recognized: Serovar Ia with two, 

Although the inoculum level was low, results and Serovar lb with three precipitin bands, 
indicate a positive relationship between ShB representing 60 and 35% of the 139 isolates 
severity and inoculum production (Fig. 5) except examined, respectively. Isolates (2%) not reacting 
when disease was low. The low disease level was with the antiserum were temporarily designated
apparently due to environment. Further study will Serovar 2. The antiserum did not cross-react with 
focus on varietal resistance, disease severity, antigens of 14 other pathovars of X. campestris
inoculurn dynamics, and influence ofenvironment. and 13 other bacteria belonging to 8 genera. 

richoderma population , high when the The one serogroup observed using extracellular 
disease was low. Hence, Tricho' 'rnia and varietal glycoprotein antiserum (Table 8), Serovar A, had 
resistance both affLct disease level and, ultimately, two major aild two minor subgroups The major
inoculum production. subgroups Serov.r Al and Serovar A2, charac-

Serology ofXanthomonascampestrispv. oryzae terized by 2 and 3 precipitin bands, respectively,
(Plant Pathologyr). Plant quarantine services and constituted 58 and 40% of the 90 isolates tested. 
epidemiologists need a tool to rapidly de .ct and The minor subgroups Serovar A3 and Serovar A4,
identify .Vati/ononas canpc'stris pv. or"rzat' with only one isolate each, were variants of Serovar 
(Xco). To monitor and identify Xco races now A2 and Serovar Al, respectively. The antisera 
requires 65 d. With a specific antiserum, the cross-reacted with other X. campestris pathovars
pathogen could be identified in several hours, when nontreated antigens were used. With heated 

The serological groupings of the Philippine antigens, only the Xco precipitin band was noted. 
isolates of Xco were investigated using antisera to Certain races clustered t,i their serovars or sub
glutaraldehyde-fixed cells and extracellular glyco- groups, but without clear-cut specificity. 

Sheath blight severity Sclerotic (no/200 g soil) Trichoderma population (colonies/g soil)

100-
 10 1750 

o--..oR36 

80 8-eR588 1450

'I ,6 1_ 
Go 6-I 900 0R64 

,' 
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, 
40- ',' 4  600

2 2 
20  300 

/ V 
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5. Dynamics of sheath blight, sclerotial count, and Trichoderma populations in 5 successive croppings of selected rice varieties, IRRI,
1987. The first crop was artificially inoculated with R. solani in rice grain-rice hull medium. No data on Trichodcrma population were 
taken at first cropping. DS = dry season, WS = wet season. 
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Table 7. Groupings of Philippine strains of Xanthoinonas cimppstris pv. oryzae bas d on Ouchterlony double diffusiontests using antiserum to glutaraldehyde-fixed cells of Xco isolate PXO 86, race 2. IRRI, 1987. 

Isolate distribution dmong 3 groupsPAntigen Total 
isolatesSerovar la Serovar Ib Serovar 2 (no.) 

Race I PXO: 5, 39, 48,61, PXO: 66B PXO: 35 22 
62, 68, 77, 102 
IRN: 201,207,455,874, IRN: 955 
950,961,974,997, 1005,
 
1009,1017
 

Race 2 PXO: 63, 82, 86 PXO: 78,134, 139 57iRN: 144, 166, 260, IRN: 169A, 209, 250, IRN: 543 
340, 404,409,436 
 403,435, 611, 687,
 
449,511,514,522, 
 712,719,760,772
 
643,644,670,673, 
 779,780, 825,927,
 
695,738, 781, 783, 940,944,956,959,

795,890,903,944, 
 978,985, 1008, 1010,
 
951,975,976 
 1020
 

Race 3 PXO: 79, 87, 81, 143 
22


IRN: 136,224,281, 
 0 
 0 
458, 463, 534, 702,

830,858,920,924,
 
928,929, 933, 953,
 
962,994, 1019
 

Race 4 PXO: 69, 71, 125 
 PXO: 70 0 4
Race5 PXO: 45,80, 105, 111, 144 PXO: 108,110,112 PXO: 145 17
 

IRN: 243, 394, 753 IRN: 758, 759,963
 
966,968


Race6 PXO: 120, 121 PXO: 99, 114, 115,1 1 6 , 0 13 
117,118,119,122,123, 
124,127

Total 83 
 49 3 135 
aSerovar la 2 -precipitin-band group, Serovar lb = 3-precipitin-band group, Serovar 2 = no precipitin band group; desig
nation temporary. 

The research explored the potential of p'ly- and weed lcaves, and necrotic lesions atvpical ofclotial antibodiCS to detect andidet iv Xco and its bacterial blight. In controlled experiments where 
raccs. Antiserum \,as fprod uced from IX() 86 of Xco was lixed ,hthIpi ICCLIItures ofotlCr bacteria
 race 2. Xco cells v\erc eflcctively detected by direct 
 or rice seed and leaf washings or ricefield water111.1rcscent-antibod\ staining(FAS). FAS solution with a background bacterial count of 10) to 10'',aspreparCd Usig antiserum to PXO 86 cells CFU 11tl,the practical detection (sensitivity) limitfixed in 2.51( glutaraldehyde and IlLorCscCin- of the FAS procedture was 104 CFU Xco, ml. Theisotliocyanate. It had a high degree of specificity reactions oftlie diffe:rent isolates of the six Xco
hased on tests with 117 isolates representing 6 races 
 races to FAS shmed that the specificity ofof Xco coilected from 1972 to 1986 in 54 Philippine antiserumIto glutaraldehyde-fixcd (ells could not
provinces:- 25 natirally infected rice leaf samples be relatcd to race V'irulence.representing 4 races from 15 provinces; 14 otther CLIH albundance and tungro incidence inpathovars of X. ca/ltw.lris: 13 bacterial cultures asVinchronous planting ('l/n Ialhlot arifrom 8genera: and 80 bacterial contatninants from I ',,;:Iogij. A newly developed ricefield inisolation plates of rice seed washings and ricefield Cm-'men, HIohol, Philippines, planted synchrowater. nously, and t field in Bilar. Blohol, plantedThe FAS procedttre also detected Xco from 1,Ynch ronou0sly, were selected to determine green
yotng patliclesof in cted plants, svnlptonlless rice leallopper (GI+H) abundance and tutngro (RTV) 
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Table 8. Groupings of Philippine strains of Xanthomonas campestris pv. oryzae based on Ouchterlony double diffusion test 
using antiserum to extracellular glycoprotein of Xco isolate PXO 86, race 2. IRRI, 1987. 

Isolate distributiona Total 
-ieisolates 

Serovar Al Serovar A2 Serovar A3 Serovar A4 (no.) 

Race 1 PXO: 48, 61,62, 66B PXO: 1,10, 26, 29 PXO: 35 0 31 
IRN: 207,857,884, 126, IRN: 453, A54, 457 IRN: 730,735 IRN: 525 
206,223. 280,339,402, 
442,522,662,670,732, 
738,760 

9ace 3 PXO: 81,87 PXO: 79 0 0 15 
IRN: 140, 146, 
269, 290, 405, 
650,681,686, 
702,827,840,920 

Race 4 PXO: 71 PX(: 7,69, 125,129 0 0 5 
Race 5 PXO: 45, 64, 65B, 14 

80, 105, 112,161 
247,572,573,754, 
755,758,759 

Race 6 0 PXO: 99, 114,115 0 0 14 
116, 117, 118,119, 
120,121, 122,123, 
124,127,128 

Total 49 26 3 1 79 

aSerovar Al = 2-precipitin-band group, Serovar A2 = 3-precipitin-band group, Serovar A3 1-precipitin-band group and 
variant of Serovar A2, Serovar A4 = 1-precipitin-band group and variant of Serovar Al. 

incidence during the 1987 wet season (WS). In 
0.6-ha fields planted to IR64. GI.H abundance was 
estimat(ed by sweep net and kerosene light trap 
(KI.T) catches, and IV incidence by visual 
assessment and by latex scrolog. 
The pattern of (il. H colceted 1y s\,cep net was 

similar at both sites (Fig. 6). (iIH numbers 
increased in both fields witlhin I mo after trans-
planting. Although the number of'G ILH caught by 
KIAT fluctuiated considerably throughout tile 
cropping season, maIV wcre catht before trans-
planting in both fields. At crop maturity. KLT 
again caught (i. H in Carmen. 
RTV incidence \as 411 at Bilar and 0.061"i in 

Carmen (Table 9). In Bilar. rice tungro spherical 
virus (RTSV) infection was I8.711 at 42 d after 
transplanting (MT) and 31 X( at 76 DT. vhile rice 
tungro bacilliforni virts ( TlrV)+ RrSV infection 
was 24.0(1 at 42 )T and 38.3(1 at 76 DT. 

Tungro infection in broadcast and transplanted 
rice (Plant Path.logwv). In 1986 WS and 1987 dry 
season, RTV incidence ind GLH population 
density in broadcast and transplanted IR36 and 

TN Iwere compared at 34-46 d after seed soaking. 
Broadcast seeding rate was 70 kgi ha, and spacing 
in transplanted fields was 20 X 20 cm. 

By symptoms, RTV was more prevalent in 
transplanted than in broadcast fields of both 
\'aricucs regardless of cropping season. By sweep
ing, GLItI density was higher in transplanted rice of 
both varieties (Table 10). 

Host range of rice viruses (Plant Pathologl|j and 
Agronomi. Rice tungro-associatedviruses. Seven 
accessions of Orm'za spp. and 19 weed species were 
tested for susceptibility to RTBV and RTSV. 
Young seedlings were inoculated by 10 viruliferous 
GLH fed on RTV-infected plants for 4 d. Inocula
ted plants were indexed by enzyme-linked im
munosorbent assay (ELISA) at 30 d after inocula
tion (DAI) for RTBV and RTSV. Uninoculated 
plants served as controls. Inoculated plants having 
absorbance at 405 nm of 3 times that of healthy 
plants were considered infected. 

All seven accessions of Orvza spp. tested were 
infected with RTBV (Table 11). 0. australiensis, 0. 
longistaninata, and 0. barthii were also infected 



228 IRRI ANNUAL REPORT FOR 1987 
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6. Number ofgreen lafbppe.rs (GI.H) caught daily by kerosene lght trap (K LT) and weekly by swip net (SN), and tungro incidencein I R64 grown yaehronouly (C.armen) and aynchronously (Bilar). IBohol, Philippines, 1987 WS. 

Table 9. Rice tungro bacilliform (RTBV) 
 and spherical (RTSV) viruses in synchronous (Carmen) and asynchronous (Bilar)
plantings of IR64 at different times after transplanting.a Bohol, Philippines, 1987 WS. 

Plants infected %) at 19 DTb 
Plants infected (%I at 42 DT Plants infected %)at 76 DTLocation 

RTBV+RTSV 
 RTSV RTBV+ RTBV RTSV 
 RTBV+ 
 RTBV RTSV
 
RTSV RTSV 

Bilar 0 0.2 24.0 1.7 18.7 38.3Carmen 0.3 3.4 31.81.0 0.2 0.2 2.0 0.8 0 5.0 
aDT = days after transplanting. bNo plant had RTBV alone. 

Table 10. Green leafhopper (GLH) collected by sweep net 
and 

with RTSV. Weed species infected with bothtungro (RTV) incidence in broadcast and transplanted IR36 and TN1. IRRI, 1986 VVS and 1987 DS. viruses werd Ciperus roltndus and Firnbrist 'lis 
1986 wet season 1987 dry season miliacea(Table 11). Some weeds were infected witheither RTBV or RTSV. Weeds not infected byVariety,treatment GLH RTV GLH RTV either virus

density incidence density incidence 
were Brachiaria tdistach'ra, Chloris 

(no.) M% )t, 
harha/a. Crlnodon dacl'l/on, CITerus brevifolius,(.Rn (no.) M% werus differing, Digitaria ciliaris, Echinochloa 

RoacBroadcast 133colona,a 5 a 8 a 7 a EragrostisTransplanted 43 b 20 b 
tenella, hnperata c'lindrica,27 b 12 a LI)toch)a chiensis, Pa.salidium.flavidumn, and

TN 1 PaspahmBroadcast ilatatum.11 a 31 a 
Transplanted 12 a 

7 a 14 a Seedlings of 4 Or'za spp. and 19 weed species64b 71 b 80b were inoculated by RTSV-viruliferous GLH at 

http:lafbppe.rs
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Table "1. Absorbance at 405 nm in ELISA of extracts of plants infacted with RTBV or RTSV after inoculation by RTBV 
+ RTSV viruliferous GLH. IRRI, 1987. 

RTBV RTSV 
Inoculated 

Species plants 
(no.) 

Infected 
plants 
(no.) 

Absorbance at 405 r,m 

Infected Uninoculated 

Infected 
plants 
(no.) 

Absorbance at 405 nm 

Infected Uninoculated 
plants plants plants plants 

Oryza australiensis 
Acc. 100882 
Acc. 101397 
Acc. 101144 

8 
12 
7 

4 
2 
4 

0.99-1.95 
1.20-1.51 
0.50-1.48 

0.00 
0.18 
0.00 

0 
1 
0 

-
0.07 

-

0.00 
0.00 
0.00 

0. barthii 
Acc. 100122 
Acc. 100921 

0. latifolia 
0. longistaminata 
A xonopus compressus 
Brachiaria mutica 
Cyperus rotu,,dus 
Eleusine indica 
Finibristylismiliacea 
Leersia n?xandra 
Monochoria vaginalis 

8 
5 

10 
10 
12 

8 
9 

12 
12 
10 
12 

8 
5 
2 
9 
0 
0 
1 
3 
8 
2 
1 

0.20-0.44 
0.15-0.40 
0.25-0.48 
0.57-1.51 

-
0.20 

0.04-0.14 
0.11-1.47 
0.14-0.17 

0.33 

0.00 
0.00 
0.00 
0.14 
0.01 
0.02 
0.05 
0.01 
0.00 
0.04 
0.10 

8 
3 
0 
4 
5 
4 
1 
0 
1 
0 
0 

0.48-1.39 
1.01-1.11 

-

0.34-0.89 
0.18-0.46 
0.06-0.06 

0.3& 
-

0.36 
-
-

0.00 
0.02 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.11 

10/seedling. Inoculated plants were indexed by Chloris barbata,L. chinensis. Paspalidiumflavi-
ELISA at 30 DAI. dn, and PapaIlum conjugatum.

Four of 6 accessions of Ory'za spp. and 13 of 19 Rice grassy'stunt virus, strain 2. Seedlings of 6
weed species were infected with the virus (Table accessions of4 OrVza spp. and 18 weed species were
12). Species not infected were 0. australiensis, 0. inoculated by rice grassy stunt virus (GSV-2)
latiolia Axonopus compressus, B. distachyva, viruliferous BPH at 20/seedling. At I mo after 

Table 12. Absorbance at 405 nm in ELISA of extracts of plants infected with RTSV. IRRI, 1987. 

Inoculated Infected Absorbance at 405 nm 
Species plants plants Infected Uninoculated( n o .) ( n o .)I n e t dn no u t dplants 

plants (mean) 
Oryza australiensis (Acc. 101144) 7 5 0.11-0.29 0.030. australiensis (Acc. 101397) 12 3 0.09-0.14 0.020. barthii (Acc. 100117) 3 3 0.89-1.11 0.050. /ongistaminata (Acc. 101196) 9 4 0.12-1.82 0.03Brachiaria mutica 20 3 0.05-0.09 0.01Cynodon dactylon 22 10 0.07-0.15 0.02Cyperus brevifolius 8 1 0.08 0.00C. difformis 10 5 0.13-0.54 0.04C. rotundus 12 6 0.04-0.45 0.01Digitaria ciliaris 10 5 0.10-0.15 0.00Echinochloa colona 12 3 0.34-0.40 0.10Eleusine indica 12 4 0.04-0.12 0.01Eragrost.'s tenella 10 2 0.18-0.37 0.05Finbristylis miliacea 12 5 0.10-0.35 0.00Imperata cylindrica 10 4 0.36-0.43 0.110Leersia hexandra 10 2 0.05-0.07 0.00Monochoria vaginalis 11 2 0.13-0.16 0.02 
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inoculation, the second youngest leaf of each 
inoculated plant was indexed by ELISA. All six 
OY:a spp. tested were infected with GSV-2 
(Table 13). Of 18 weed species, 5 were infected. 
Weed species not infected were C 'erus hrevi-

.lidius, A. coMIpressus, B. disiach.ra, B. minica,
(loris harhata, ('lperu.v• rotuhs, Digitaria 
ciliaris, 'tvesine ihdica, L'rairosti.vl/e'lla, Finthri-
sti. miliacea, hnlwrata cvlihrica, li7tochlaa 
Ch/ilwnsis., Iaspa/idilni./lai'hdu, Pa.sahln coli-
Ji]t£aiuni, and Penn/isewI, glaucuin. 

Rice ragged A/mt virus. Young seedlings of 3 
()r-v:a spp. and 15 weed species were inoculated 
with rice ragged stunt virus-viruliferous BIPH. 
Inoculated plants were indexed by ELISA at 30 
)AI. All Or-aspp. tested were infected with the 

virus (Table 14). Six of 15 weed species were 
infected (Table 14). Weed species not infected were 

B. dliviachl,'a, B. mulica, Chlorisharhat, C'perus 
hreviblIius, C'wruis difformis, l/eusine indira, 
Imperata cilindri'a. Lypiocldoa clensis, and 
Paslalum conjugaftun. 

Tungro infectivity of field-collected green leaf
hopper (Plai/i Pathologi). GLH collected by
aspirator in a field planted to TN I at different times 
after transplanting were tested for infectivity on 
TN I seedlings. At I nio after inoculation, all 
inoculated TN I seedlings were scored visually for 
infection and indexed by ELISA for RT13V and 
RTSV. RTV incidence in the same field was also 
determined visually and by ELISA. 

At 15 DT, RTSV infection increased sharply 
(Fig. 7). At 22 DIT, RTBV + RTSV infection 
increased remarkably. RTV, not observed the first 
2wk after transplanting, steadily increased after 15 
DT. RTV-infective GLH collected at 7 and 12 DT 

Table 13. Absorbance at 405 nm in ELISA of extracts of plants infected with GSV-2. IRRI, 1987. 

Inoculated 
Species plants 

(no.) 

Oryza australiensis (Acc. 100882) 14
0. australiensis (Acc. 101144) 9 
0. australiensis (Acc. 101397) 5 
0. barth,, (Acc. 100117) 3
0. latifolia (Acc. 100168) 10
0. /ongistaminata (Acc. 101196) 3 
Cynodon dactylon 10 
Cyperus rotundus 9 
Echinochloa colona 10 
Monochoria vagina'/s 10 

Infected 
plants 
(no.) 

6 
3 
3 
2 
4 
3 
4 
5 
2 
1 

Table 14. Absorbance at 405 nm in ELISA of extracts of plants infected with RSV. 

Inoculated 
Species plants(no.) 

Oryza austra/iensis (Acc. 100882) 14
0. /atifo/ia (Acc. 100168) 10 
0. australiensis (Acc. 101397) 12 
Axonopus compressus 12 
Cynodon dactylon 12 
Cyperus rotundus 16
Eragrostis tenella 12 
Fimbristylis miliacea 12 
Leersia hexandra 28 

Infected 
plants(no.) 

2 
3 
6 
1 
1 
1 
3 
3 
5 

Absorbance at 405 nm 

Infected Uninoculated 
plants plants (mean) 

0.08-1.40 0.00 
0.16-0.32 0.00 
0.19-0.99 0.00 
0.68-1.14 0.04 
0.27-0.70 C.03 
0.09-0.33 0.00 
0.05-0.14 0.01 
0.24-0.96 U.05 
0.08-0.40 0.02 
0.10 0.03 

IRRI, 1987. 

Absorbance at 405 nm 

Infected Uninoculated
plants 

plants (mean) 

0.13-0.48 0.00
 
0.13-0.22 
 0.01
 
0.07-0.29 
 0.00 
0.15 0.04 
0.17 0.03 
0.25 0.08
 
0.12-0.37 
 0.04
 
0.10-0.28 
 0.00
 
0.06-0.12 
 0.00 
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percent collected in 11I64 by sweep net were not infective, 
10o, nectiono ,LH,,,ectly and those collected on TN I had low infectivity. 

- TSV .-:. Effects of tungro on symptoms and yield (Plan,
BO F Iarhlog) .t'ipiois Stedlings (5- to 7-d-old) of 

7 selected varieties were inoculated by RTV
S'irulifcrous (GI1, and transplanted in pots. 

Bween I and 2 wvk atrinoculation, plan.'s 
inlfected with RTBV + RTSV, RTBV, and RTSV 
\-cre scrologically identified by ELISA or the latex 
test. tininoculated s.!edlings served as controls. 

I / Plants infected with RTSV did not show any 
_> >clear synptoms ([able 16). RTBV-infected plants 

8 15 Z9 3. 7 12 2' 31 had milder symptoms than plants infected with 
Lujs after :.ar s!cntmriq both RTIBV and RTSV. Plants infected withlboth 

7. ungro incidence (shading) hased on symptomis anid oln viruses lacked symptoms in Balinlal Puti, had 
tuin,;ro hacillilorin \ irus WI BV) and tu ngro sph rica,l virus 
RISV) incidence flom EISA, and inlectivity of' G+H very mild symptoms in Utri RaJapan, and had 

(shading) in licd planted to INI al dillerent days after symptoms distinct at tile early stages, becoming
iramsplnnming. IRRI, 1987. Milder, in Palasithari and Sigadis. In BW272-6B 

and FK 135, RTBV-infected plants showed symp
toms as severe as those on plants infected with both 

might have been immigrant. Infective GI.H viruses. 
increased remarkably when RTV incidence started Growthl arameters anul iecl'onlmnents.RTV 
to increase, infection, studied in two trials at IRRI in 1986-87, 

Recovery of rice tungro virus from rice stubble had similar effects on plant growth and yield. 
(tlant Pathohtri'). Rice stubbles of' R64 and TN I Balimau Putill, Palasithari, Sigadis, and Utri 
naturally infected with RTIIV and RTSV were Raliapan had less reduction in plant height at 9 wk 
used as virus sources at 2 \wk after harvest at 111RI after inoculation (WAI), in effective tiller number, 
in 1987. Virus-free male (.1 (colony selected on filled grain number, and grain yield, and less delay 
TNI) introduced on caged and uncaged stubble in days to flowering (Fig. 8). BW272-613, FK135, 
wcre collectedlthe followingday and tested on TN I 1136, iR54, and TNI had greater reduction in 
seedlings for infectivity. Likewise, GilH collected height and yield components, and more delay in 
by sweep net on I- and 4-wk-old stubbles were days to flowering. Yield reduction was as high as 
tested. 40% in IR36 infected with RTSV alone. 

(l.H mortality was higheron IR64 stubble than l'of lant age when inf/'cted. Seedlings of 
on TNI stubble. Most GLH transmitted either Balimau Putih, 1R54, Sigadis, and TNI were 
RTIIV + RTSV or RTIV alone (Table 15). GIL.H inoculated with RTV at I, 3, 5, or 7 wk after 

Table 15. Infectivity of GLH exposed for 1 d on caged and uncaged RTV-infected stubble of IR64 and TN1. IRRI, 1987. 

Caged stubble Uncaged stubble 

Stubblea Av GLH GLH transmitted %) Av GLH GLH transmittedb {%) 
tillers recovered tillers recovered 
(no.) and tested RTBV+ RTBV RTSV (no.) and tested RTBV+ RTBV 

%) RTSV %) RTSV 

IR64 15 a 34 a 37 a 28 a 9 a 16 a 4 a 15 a 23 a 
TNl 29 b 49 b 40 a 41 b 5 a 25 b 13 a 41 a 22 a 

aForty stubbles of IR64 and 20 of TN1 were exposed to GLH at 20 GLH/stubble for each treatment. bNo RTSV was 
transmitted. 
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8.Reductioa in plant height and grain yield, and delay in days to flowering in plants of 9 varieties infected with RTBVRTSV,RTBV,or RTSV at 5-7 d after -soaking. IRRI' 1986-87. Means of two triais. 

soaking, and fhe growth and yield of plants with RTBV + RTSV, and 4 uninoculated plants ofinfected with RT13V or RTSV, or both were each variety were harvested (excluding roots) andrecorded. Plant height was measured at 9 wk after separately homogenized in buffer solution. Homosoaking. 11R54 yields were greatly reduced by genate at 1.10 dilution was directly tested byinfection at 3or 5 wk after soaking (Fig. 9). Sigadis ELISA.yields were greatly reduced Nith infection at 3 wk, RTBV concentration was generally high at I or 3but less so When infected at 5 or 7 wk. TN I yields WAI and declined thereafter (Fig. 10). Thewkere low with infection at I wk, Out better when concentration was especially low at 5 and 7 WAI ininl'cctcd at 7 wk. Balinau Putih, Utri Rajapan, Jingasail,(orrelation between andvirus concentration and FK 135, but high in 13W272-6B, 1IR54, I1R36, andsymptom severity in tungro-infected rice (Plant TN I.Pathology').Seedlings (5- to 7-d-old) were inocula- Virus concentration in doubly infected plants ofted by RTV-virtuifcrous GI.H and transplanted in RTV- tolerant and -intolerant varieties at 3 WAIpots. At 1,3,5,and 7 WAI. at least 5 plants infected was compared. RTiBV concentration in tolerant 



Table 	 16. Symptoms expressed at 1, 3, 5, and 7 wk after
infection on plants 	 infected with RTBV + RTSV, RTBV, 
or RTSV at 5-7 d after soaking. IRRI, 1986. 

Time after Symptomsa of plants 
Variety infection Time afeinfected with 

(k) RTBV+ RTBV0 

RTSV 

Balimau Putih 	 1 NS NS 

3 NS NS 

5 NS NS 

7 NS 	 NS 

BW272.6B 1 S, DC, DL 	 S, dc 
3 S, DC, DL S, dc 
5 S, DC, DL S, dc 

7 S, dc, DL, 	 S, dc, TR 
TR 

FK135 1 S, DC 	 S, dc 
3 	 S, dc, ly, D, dc, ly, DL 

DL 

5 	 S, dc, ly, S, dc, ly, DL
DL 

7 S, dc, ly, S, de, ly, DL, TR 
DL, TR 

Palasithari 1 	 s, dc s, dc 
3 S, DC, Ic S, DC 
5 s, dc NS 
7 s, TR NS 

Sigadis 1 s, dc NS 
3 S, dc, Ic NS 
5 s, dc NS 
7 s, TR NS 

Utri Rajapan 1 S 	 NS 
3 sOC 	 NS 
5 s 	 NSNSWeeks7 	 TR7 TR 	 NS 

TN 1 	 1 S, DC s, Ic 
3 S, DC, Ic S, de, Ic 
5 S, DC, Ic S, dc, Ic 
7 	 S, dc, Ic, TR S, TR 

aNS = no clear symptoms, s = mild stunting, S severe
 
stunting (50%), dc= mild discoloration (mild yellowing),
DC 	 severe discoloration (yellow to orange), Ic = inter-

veinal chlorosis, ly = interveinal yellowing striping,

DL - drooping leaves, TR 
 = tiller reduced. All plants 
infected with RTSV were rated NS. 

, aricties was significantly lower than in intolerant 
ones (Fig. II). RTSV concentration in tolerant and 
intolerant varieties did not significantly differ. In
another trial. d ou bly infccted plants of [llinau
PIutih. Tiempo Kijik. atnd TN I exhibiting milder 
andmtore scverc svllptois were sected at 3 WAl. 
Plants with niorc severe syiptoms contained niore 
RTBV (Fig. 12). 
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9. Reduction in plant height and grain yield, and delay in days 
to flowering in plants of 4 varieties infected with RTBV +
RTSV. RBY, or RTSV or both at 1, 3, 5, and 7 wk after
 
soaking. IRRI, 1986.
 

Virlu concentrations in leaf blades and sheaths

ofdoubly infected plants oftolerant and intolerant
 
varieties were compared. RTBV concentration in

the leaf sheath was especially lower in tolerant 

varieties Baliman Putih, Tjcrnpo KiJik, and Utri 
Merah than in intolerant Cere Centra and TNI
(IFig. 13). RTSV amnoun1ts inl leaf blades and sheaths 
of tolerant and intolerant varieties did not signi
licantly differ. 

Mode of GLH feeding and tungro transmission 
(PlanIt !atho/otl. and Elftonoh.r). On IR varie
tit,. Newly emerged adult GILH of a colony
collected in 1986 in Koronadal, South Cotabato,
Philippines, and reared on TN I for 5-6 overlapping 

http:BW272.6B
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13. Rc tiye e lt n ts;mit RI V a n d RI V TSn lea f bla des and13 he~la ,amu h OfR1 BVdnts arieie af 5Ve ndR1 ik
,hCatl OfitdOuhk, infcted plants of 6 varieties at 5 wk after 
inoculation as indicated in absorhancc at 405 1nin ELISA. 
IRRI. 190. 

Xv letnI feeding. Inoculated plants were indexed by
latex serology. After the inoculation feeding, 
leafhopper life span was tested on 3-%k k-old plants. 

On moderately resistant and resistant1IR36 
IR54, (LH excreted less basic honeydew, survived 
fewer days, and transmitted the viruses at lower 
rates (Fig. 14). On susceptible TNI, GI.H excreted 
more basic honeydew, survived longer, and trans-
m itted t h,viruses at a higher rate. The size of basic 
honeydew spots and G (LHlife span correlated 
significantly with virus transmission rates. No 
correlation was observed between basic spot size 
and GI.H life-span in any cultivars. 

On 1R54, GLH -that excreted more basic 
honeydew did not always transmit the viruses. On 
I 136 TNI, virus-transmitting GLHand the 
excreted more basic honeyd w than did non-
transmitter GLH. 
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GLH (a) area of acidic and basic honeydew spots excreted
 
d u r ing inoc u la tion a c c e s s period (h): a n d surviva l of L H o G(n
the respective cultivars (c). IRRI, 1986. 

Irrespective of cultivar, a high proportion of 
GLH that fecd on both phloem and xylem

transmitted the ,iru,;es.
About one-third of GI.H 
that fed on xylem alone transmitted the viruses. 

On non-IR varieties. The mode of GLH feeding
during inoculation access was also determined on 
nine non-IR varieties with different resistances to 
either the vector or RTV. Viruliferous adult GLH 
of a colony maintained on TN I for several years 
were subjected to the brom ocresol-transmission 
test on I-wk-old seedlings. Inoculated plants were 
indexed by ELISA. 

Greater xylem feeding occurred in GLH
resistant varieties ASD7, Gam Pai 30-12-15, 
Palasithari 601, and ARCI 1554 (Fig. 15). In 
contrast, greater phloem + xylem P fedingoccurred 
in GI.H-susceptible varieties Utri Rajapan, 
Habiganj DW8, IR22, and TNI. Except for 
ARCI1554, the GLH-resistant varieties were 
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13.R InexurteesofT and hon eablade anrvivd during inoculation access period (b); and survival of GLH on 
sheaths of doubly infected plants of6 varieties at 5 wk after 
inoculation atsindicated in absorbance at 405 nm in ELISA. 
IRR!, 196. 

xylem feeding. Inoculated plants were indexed by 
latex serology. After tle inoculation feeding, 
leafhopper ife span was tested on 3-wk-old plants. 

On moderately resistant 1R36 and resistant 
1R54,GLH excreted less basic honeydew, survived 

fewer days, and transmitted tihe viruses at lower 
rates (Fig. 14). On siuscePtible TN , GLH excreted 
more basic honeydew, survived longer, and trans-
ramitted the viruses at a higher rate. The size of basic 
honeydew spots and GLH life span correlated 
significantly with virus transmission rates. No 
correlation was observed between basic spot size 
and GI-1 life-span in any cultivars. 

On 1R54, GLH -that excreted more basic 
honeydew did riot always transmit thle viruses. On 
IR36 and TN I, the virus-transmitting GLH 
excreted more basic honeydew than did non-
transmitter GLH. 

the r vars wit iR rers86. 

!.-respective of tuhivar, it high proportion of 
GLH that fed on both phloem and xylem 
transmitted the viruses. About one-third of GLH 
that fed on xylem alone transmitted the viruses. 

On non-Il varieties. Thle ode of GLH feeding 
during inoculation access was also determined on 
nine non-IR varieties with different resistances to 
either the vector or RTV. Viruliferous adult GLH 
ofai colony maintained on TN I for several yeats 
were subJected to the bromocresol-transmission 
test on I-wk-old seedlings. Inoculated plants were 
indexed by ELISA. 

Greater xylem feeding occurred in (ILH
resistant varieties ASD7, Gain Pai 30-12-15, 
Palasithari 60,, and ARZCI 1554 (Fig. 15). In 
contrast, greater phloem + xylem feeding occurred 
in G1,H -susceptible varieties Utri Rajapan, 
Habiganj DW8, IR22, and TNI. Except for 
ARCI 1554. the GLH-resistant varieties were 
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-oGLH feeders(no) Scatter diagrams did not show selective virus
SCultiVlorI CLH (thotoosmdmd transmission by phloem feeders. Except on a few 

. ...... , varieties, there were no significant differences 
ASD 7 R 0 0 between the amount of basic and acidic honeydew 

.... ... .. .. .. .. spots excreted by virus transmitter and non
Go,ipai , transmitter GLH. 

30-12-15 ____ 

Polosithor 	 k0V 

601 R .	 NLMAIOI)F I)ISIA'IS 

Plant Paihologt )epartnnt
Utri
 

RaJapon S;0
 
.. We reported earlier (Annual report for 1985) that 

.......... 0Hobigon) S 1 0 the population of Prat vhenchus zeae was very high, 
DW8.p more than 1,000 nernatodes/g of roots, on an 

MR . upland farm where rice was continuously cul-
TKM6 otivated. Rice plants were severely stunted. In this 

. ... collaborative research project with the Corn-
ARC11554 R .nonwealth Agricultural Bureaux International, 

..... ..... we examined the growth and yield of a relatively 
.. . ]7 resistant cultivar, Kinandang Patong, and of a 

IR22 I I relatively susceptible cultivar, UPLRi-5, with 
.f.. -. erent levels of nematode control. Carbofuran 

-m s 	 : was incorporated into the soil to manipulate 
___-I _ uJ nematode density. Although root damage was 

15. Number of RIV-viruliferous GLH that transmitted RTBV similar in Kinandang Patong and UPLRi-5, only 
+ RTSV, or RTBV, or RTSV, and their feeding behavior the latter showed increased yield because of 
(phloem or xylem feeding) on 9 selected varieties. IRRI, 1987. nematode control. In UPLRi-5 plots receiving 

carbofuran at 4 and 8 kg ai/ha, yield increased 29 
and 22%, respectively, over the untreated control. 

infected predominantly with RTBV alone. On Of 13 upland sites examined in the. Philippines, 
Gam Pai 30-12-15 and Palasithari 601, GLH that II were infested with P. zeae and P. brachyarus. 
transmitted viruses fed as much on phloem + The population densities of Pratvlenchus spp. at 
xylem as on xylem. On Utri Rajapan and Habiganj sites sampled on 26-30 Aug were generally low, 
DW8, all GLH fed on either phloem or phloem + with no obvious relationship between crop rating 
xylem, and most GLH failed to transmit either and nematode density. Nevertheless, densities were 
virus. similar to those in the control plots of the yield loss 

GLH varied widely in areas of basic and acidic trial at IRRI: 10-849 nematodes/3 g roots. At 
honeydew spots on each variety, though the colony upland sites, populations increased rapidly after 
used had been maintained on TN I for many years. flowering. 
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t(OI.O(Y AND IIOLOGY 

Litomolo~gv i j)artment 

Life history of the rice skipper. Pe/opidasmathias, 
most prevalent in rainfed rice, produces damage 
similar to that caused by other large defoliators 
such as armyworms and grasshoppers. Adults 
require a nectar source for oviposition and favor 
santan L.ora chiens son the I RRI farm. Lack of 
nectar may limit the rice skipper in most irrigated 
environments. 
P.maiuas was cultured inan insectary in petri 

dishes on excised rice leaves. The period from egg 
to adult, ranging from 29 tc, 40 d,averaged 37 d 
('Table l).Thehbutterfliesweretransferredtonmylar 
filic cages for oviposition. Santan flowers and I W17 
honey solution in cotton provided sugar. Adults 
lived lo ngtrr when flowers were introduced. Rice 
plants were put inside cages for egg deposition. The 
prcovipositional period was 3 d. No eggs hatched 
bccatuse the nioths (lid not mate inside the cages. 

Life history of rice root aphids. Rholmhsiplhum 
ru1fiahbdminalisand ietraneiura nuria/ldonjnalis 
infest upland rice. Adults and nymphs use their 
sucking mouthparts to remove fluids fron roots, 
causing leaves to yellow and stunting the plants. 

The aphids were reared on the exposed roots of 
UPITRi-5 rice seedlings inside test tubes with moist 
cotton. Such seedlings live more than I wk. R. 
rutlahtlninaliswas more active than 7.nigri
ahdohnmnalis and easier to rear. Developmental 
periods were similar, but R. rfidah(dominolis 
produced more offspring (Table 2). 

Table 1. Development of the rice skipper Pelopidas

inathiasa on TN1 rice. IRRI insectary, 1987. 


Character 

CharRcter 
Av Range 

Egg incubation period 5.6 4.7 
Larval period 

First stadium 3.8 3.5 
Second stadium 3.1 2.5 
Third stadium 2.7 24 
Fourth stadium 3.9 2.7 
Fifth stadium 7.6 3-10 

Pupal period 10.0 5-14 
Adult longevity 6.1 3-13 
Period from egg to adult 36.8 29-40 

an =50. 

Host range and development of green horned 

caterpillar. Mfelanitis leda ismene may be a minor 
pest because the larvae prefer wild grasses to rice. 
Common ricelield weeds were offered to newly 
hatched larvae and compared with rice as hosts. 
Larval survival rates wvere 8MX"on (rrza sativa, 
72'i on Fchiochha cohma, and 24(' on . 
glahrescens.Only 2(,'j of Ist-instar larvae survived 
on L. ,us-gal/i amd 4t81,' on ( 'lwrips di'/ormi.;, 
Development was further comparcd on preferred 
hosts 0. .ativa and E cohua using cut leaves in 
petri dishes. Larvae passed through 5stadia in 21 d 
on O. sativa and in 29 d on L.coona (Table 3). 
Rice appeared to be a more nutritious host, 
allowing a longer oviposition period than did 
weeds. Factors other than nutrition evidently 
account for its iow level on rice. 

Golden apple snail. Formerly called Pila leopord
nilh'nsis, the golden apple snail Pomacea canali
culata (Lamark) has become a widespread rice pest 
in the Philippines, .Japan, and Taiwan, China. It 
disperses quickly throughout irrigation systems 
and floodwaters. Snails live 2-5 yr and can deposit 
2,400-8,700 eggs/yr. Highly adaptive to tempera
ture extremes (0-35 'C), they can overwinter in 
temperate climates. Known natural enemies are 
So/cop.i.s ants, which attack the eggs, and fish, 
\ hich Cat ytng snails. 

Table 2. Development of rice root aphids Rhopalosiphum 
rufiahdominalis and Tetraneura nigriabdominalis on 
UPLRi-5 upland rice. IRRI insectary, 1987. 

R. 	rufiabdo- T. nigriabdo
minalisa minalisb 

Character 
Av Range Av Range 

Nymph developmental 

period (d)First stadium. 1.5 1-2 1.1 1-2 
Second stadium 1.2 1-2 1.0 1-2 
Third stadium 1.0 1-2 1.1 1-2 
Fourth stadium 1.2 1-2 1.0 1-2 

Period from nymph 4.9 4-6 4.4 4-5
 
to adult (d)
 
Adult longevity (d) 9.2 2-22 6.0 3-14
 
Fertility
 

Nymphs (no./ 34.6 3-81 24.4 
 6-73 
female) 

Nymphs (no./d per 3.7 0-14 3.9 0-12 
female) 

an = 44. bn = 70. 
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Table 3. Development of the green horned caterpillar on Oryza sativa and Echinochloacolona.a IRR I greenhouse, 1987. 

0. sativa E. colona 

Stage 

n 

Larva 
1st instar 50 

2d instar 49 

3d nstar 46 

4th instar 46 

5th instar 45 


Pupa 45 
Adult (male) 15 

(female) 30 

aSurvival from larva to adult was 9001 
nificant (P= 0.01); ns = not significant (P< 0.05). 

Snails eat almost any vegetation growing in 
water but prefer Motochoriavaginalis,E glabres-
cet.,, Finhristylis lii.,oralis, and C. til/ornlis to 
Iponuoca aquatniica, Splenocl'a zes'/anica, and 
Pisiia stratiotes. 

Rice is highly preferred. Snails 1.5 cm in 
diameteror largercan totally consume seedlings up 
to 4 wk old. Larger snails can consume older 
plants. 

Research shows snails prefer azolla to rice. 
Three-week-old rice plants with azolla were less 
damaged (20%) than plants without azolla (40%) 3 
11after infestation. Snails appeal to prefer certain 
species of azolla. Large snails (5-7 cm diameter) 
consumed 46% less A. pintata var. inbricataper
day than A. microqhyila. 

Whitebacked planthopper food web. The food 
web of the whitcbackcd planthoppcr (Wl31)H) 
Sogallla/ i/iifira (-Io,'isth) in the Philippines 
comprises at least 199 species: 33 parasites, 139 
predators, and 27 secondary parasites and pre-
dators (Ili'. I). Predators outnumber parasites 
almost 4:1. )ominant predators arc spiders (63).
comprising hunters (33). orb-wcb spinners (22). 
and space-web spinners (8); ti-nc bugs (21); bectles 
( 17): and damscfllies (II). Ants, predatory flies, 
mieadow grasshoppers, lacewings, toads, and frogs 
also prey on WBPI-. The plcromalid wasp
Pal.stellon r. (Ill'/ris preys on eggs. 

The principal parasites of eggs are Anagrus
o/)tatbilis. A.laveohs, Gonatocerus spp., Oli, osita 
aesopi, 0. naias, Par.centrobia andoi, and P. 
.'a.matsltti. The predominant parasites of adults 

Days (no.) Days (no.) F 
n 

Range Av Range Av
 

3-4 3.5 
 50 3-6 4.5 3.46"
2-4 3.0 30 3-5 4.0 1.12"*2.4 3.0 21 3-5 4.0 1.42*
3-5 4.0 21 4-8 6.0 4.48 * 6-9 7.5 21 6-15 10.5 16.43 * 7-11 9.0 21 5-10 7.5 1.16*
5-13 9.0 6 3-6 4.5 6.49"
5-13 9.0 14 8-12 10.0 2.43 ns 

on 0. saliva and 40% on E. colona. T-test comparison for each stage; highly sig= 

or tiniphs are Pwucogonawtiopl spp., Elchiro
deipha.v spp., Hap)ogoiatol,!is spp., and the 
twisted-winged insect Elenchus spp. No 
pipunculids- Tomosvarvella spp. and Pipuncuhs 
spp.-parasitize WBPH. 

Mermithids parasitize WBPH nymphs and 
adults. Insect pathogens total 4% of the natural 
enemy species. 

Host range of the whitebacked planthopper. 
Thirty-one plant species belonging to eight families 
were evaluated as hosts of WBPH (Table 4). Each 
host plant was infested with five WBPH pairs. 
Four biological parameters-fecundity, growth
index, survival (percentage), and developmental 
period--were recorded. 

No eggs were laid on Amaranthus spinosus 
(Amaranthaceae), Ecrlta prostrate, and Svne
t/rella nollfltora (L.) Gaertn. (Asteraceae). 

Graminaceous weeds Brachiaria nutica,Chioris 
harbara, Echinochloacolona, E glabrescens, and 
L'ptochlo chinensissupported complete develop
ment, as did rice and maize. WBPH developed best 
on E. glabrescens with a high surviva. (66%), high
growth index (10.0), and short life cycle (22 d). L. 
chhnensis, E colona, and C barbata were less 
suitable hosts. WBPH developed to the 2d instar 
on Digitaria,Rotthoellia, and P. conjugatum and 
to the 3d instar - i Leersia hexant/ra. The 
ovipositional preference of'NWBPH was E.glabres
cens > rice > maize. 

Mating behavior of rice leaffolder. In laboratory 
experiments, female Marasnia patnalis moths 
mated only once. More than 80% of the females 
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Table 4. Host range of the whitebacked planthopper.a IRRI greenhouse, 1987. 

Host plant Eggs laid(no./5 plants) Survivalb(%) Growthindexc Duration oflife cycled 

Asteraceae 
Ager.tum conyzoides L 1 j 0 -Vernonia cinerea (L.) Less. 3 j 0  -

Commelinaceae
 
Commelina benghalensis L. 
 59 d-h 0 -C.diffusa Burm. f. 61 d-h 0 -

Cyperaceae
Cyperus brevifolius (Rottb.) Hassk. 36 g-j 0 _C. difformis L. 27 g-j 0 _ -C. iria L. 38 f-j 0 _ -
C. kyllingia Endl. 28 g-j 0 - -C. rotundus L. 24 g.j 0 _ -Fimbristylis miliacea LI Vahl 23 hij 0 

Onagraceae
 
Ludwigia octovalvis (Jacq.) Raven 
 5 j 0 

Poaceae

LDrachiaria mutica (Forsk.) Stapf. 22 hij 8.3 e 0.1 d 23 cChlorisbarbata Sw. 50 e-i 42.3 d 0.7 d 23 cDigitaria sanguinalis (L.) Scop.e 12 ij 0 _D. setigera Roth. ex R. & S. 19 ij 0 _Echinochloa colona (L.) Link 75 def 42 d 1.2 d 21 aE. glabrescens Munro ex Hook f. 389 a 66 b 12.3 a 22 bLeersia hexandra SW f 79 de 0 _
Leptochloachinensis (L.) Nees 124 c 
 54.4 c 3.0 c 22 bOryzasativa L. 277 b 80 a 10.0 b 22 bPanicum repens L. 36 g-j 0Paspalum conjugatum Berg.e 41 r.j 0 - -

P. distichum L.g 46 e-i 0 _ -
P. paspalodes (=P. distichum L.)h 63 d-g 0
 
Rottboellia cochinchinensis (Lovr.) 23 hij 0  -

ClaytonZea mays L. 126 c 0.7 e 0.1 d 26 d
Rubiaceae 

Borreria ocymoides (Burm. f.) DC 1 0 
Sphenocleaceae
 

Sphenocleazeylanica Gaertn. 
 95 cd 0 
aAv of 10 replications. Means followed by a common letter are not significantly different at the 5% level by DMRT. 
bsurviv21 = eggs (o.) becoming last instar no.X100. r index = of eggs reaching last instar/mean developmental

total number of eggs laidperiod (d). dn = 10. eReached 2d instar. fReached 3d instar. gCollected from rainfed wetland area. hCollected from irrig
ated areas. 

mated when 2 d old, although some mated soon hopper [BPHJ, green leafhopper [GLH], andafter emergenct. Attraction appeared greatest at 4 WBPH). spiders, and the predatory mirid bugh after darkness. Two-day-old females in ricefield Crrtorhinus /il'idipennis.water traps attracted an average of five to six males Populations of hoppers were higher in directeach. Placing water traps at rice canopy level seeded rice (DSR) early in the season (Fig. 2),worked best. probably because of the early establishment of theRelative abundance of hoppers, Cyrtorhinus DSR crop. Hopper populations peaked in Marchlividipenni,,and spiders in transplanted and direct and August in both transplanted rice (TPR) and
seeded rice. U]ntreated fields at IRRI were estab- DSR.
likhed monthly by direc: seeding and transplanting Figure 3 shows the seasonal abundance of C.to compare populations of hoppers (brown plant- lividipennis. Population peaks usually coincided 



242 IRRI ANNUAL REPORT FOR 1987 

2 )Hoppers (no/M 

500
 

29 DAS 45 DAS 67 DAS
 
S
 

400- I
 
II
 
I!,,
 

II - TPRj
 
300_ DSR
 

it I 
,Ii
/ %It 

i I 

200-/ I
 

100 - I I I
 

0 I 1%
 

D J F M AM J J ASO0N J F M AM J J A SO0N D F M AMJ J A SO0ND J
 

Month of sampling 

2. Populations ol'planthoppers and leafhoppers in transplanted (TPR) and direct seeded (DSR) rice at different crop ages, IRRI,

1987. DAS =days aflter seeding.
 

I I II 
Io I I \ 

2
C./ivid,,oenn~s (no/rn ) 

29 DAS 45 DAS 67 DAS
 
100 3
 

~1987.DAS = dasatrseig
 

D JF M AM J d A SO0N JF M A M J J A SO0 N D F M AM J J A SO0N DJ 

Month of sompling
" i


3. Populations of40pth ers fivini R ad dircsedd(S)reatdfferent crop ages IRR[,187ug Cleafhoppus nTpandT - P
I I - 60 

AI 
20 -- II 

, I ~ 

:11 
I I I' ; 

I I 

o J FM AM J JAS ON UFM AM J U A SON DF'MA MU JAS OND U 

Month ofsampling 

3. Populations of the mirid bug Cyrtorhinus lividipennis inTPR and DSR atdifferent crop ages. IRRI, 1987. 



with those of hoppers. At 29 d after seeding (DAS), 
mirid bug populations were higher in DSR than in 
TPR, as were spider populations (Fig. 4). Spiders 
generally increased as the crop matured; in 
contrast, the hoppers and C.lividipennis decreased 
as the crop matured, with no obvious differences in 
their number in TPR and DSR. 

Stem borer populations in traditional and 
modern varieties. We estimated yellow stem borer 
(YSB) and striped stem borer (SSB) eggs, larvae, 
pupae. and damage by field monitoring modern 
(MVs) and traditional (TVs) varieties. 

Egg masses were counted at 63, 70, and 81 d after 
transplanting (DT). TVs had more SSB egg masses 
than did MVs (Fig. 5). Larval and pupal popula-
tions of SSB also were higher in TVs, as seen in 
dissected stems from 10 randomly selected hills 
from each plot (Fig. 6). 

SSB preference for T'Vs may explain the recent 
overall reduction in SS Bdamage as more M Vs are 
grown (Fig. 7). With longer maturity, TVs are 
exposed to borers longer. Their taller, larger stems 
may be more attractive to stem borers (SBs). 

Spiders (no/mn2 ) 

100 - 29DAS -45DAS 
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Sequential sampling of planthoppers and preda
tors. A simplified sampling program was designed 
for planthoppers (BPH and WBPH) and major 
predators, using a binomial distribution. A relation
ship was established between the density of plant
hoppers alnd the percentage of hills infested with 10 
hoppers. Thus, instead of counting individual 
hoppers, hills with 10 or fewer hoppers were 
counted as zero and those with more than 10 were 
counted as i. 

A sequential samling model (Table 5) was 
developed for major predators such as spiders, 
beetles, and crickets. It was field tested in South 
Cotabato and Laguna Provinces in the Philippines. 
The sequential sampling plan was compared with a 
more intensive sampling that used 20 samples per 
fie'd. 

The number of samples required to make an 
insecticide treatment decision was computed. 

67 DAS 
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II 
II 
II 

II
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4. Spider populations in TPR and DSR at different crop ages. IRRI, 1987. 
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Sequential sampling reduced the required samples 
from 20 to 6 in South Cotabato and from 20 to 7 in 
Laguna. The binomial sequential plan and the 
fixed-point sampling program agreed almost 100%. 

9'I.b Samplers zigzagged across the field, examining 

_applying 

......
 

102 

stem 

Deadhearts and whiteheads %) 
IR64
 

- :30 R36
 
/nagaspula
 

9 o
 
20n *// F3n at2 b~.
 

1 C20 


. Crop
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7. l)arnagc due to rice stem borer on 4 rice varieties, IRRI, 
1987. FI = days alter transplanting. 

Because the binomial sequential sampling plan 
presence or absence of 10 hoppers isfast and 

precise, it will be tested on a arge scale in an 

integrated pest management (IPM) program.
Sequential sampling of leaffolder (Entorology). 
sequential sampling plan was also dleveloped and 

tested7ig.sD for leaffolder (LF) 4a aphalocrocismedinalis 
and Marasmiapatnalis.Forty-three data sets were 

collected from ricefields in Laguna and Batangas 
Provinces during 1986-87. 

L distribution in the field fitted the negative 
binomial with a clumping coefficient (K) of !.1.
Decision lines were computed from the following:
Mb
M= I larva/hill) class limits 

M4 2 larvae./hill)
 
a=/3 =0.20 = the risk level
 

hills and counting live larvae in folded leaves. A 

minimum of four samples was taken beforesequential sampling. Sequential sampling
compared with intensive sampling involvin a 
number of samples (20/field). 

cll
Seventy percent fewer samples were required in 

sequential sampling (Fig. 8). Agreement in deci
sions reached 90% between the sequential plan and 

mli.a aintensive sampling. uellow 
Effect of stem borer damage on filled grain 

c)l
percentage (Enorology). Hills with different 
whitehead levels were harvested, and 292 white
heads were analyzed for filled grains. Not all 
panicles had empty spikelets. Primary branches 
contain ed id grains, but more than 80% of 
grains from panicles with whiteheads were empty. 
Filled grains ranged from 0.3 to 32.2% per panicle. 
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Table 5. Sequential sampling table. IRRI, 1987.
 

Sequential sampling for planthoppers and predators in rice using binomial distribution
 

DT 
LocationDate Field no. Variety 

Sample Predator With predators present Hill Without predators present110. no. Lower limit Upper limit infested Lower limit Upper limit 

2 __- M= 

34 ___ 
-

Q.E 
5 
6 Total _<1 

0 E 
CD 

7 E<2 S 
8 < 0 

o <3 LU 
10 z< 3 
11 <4 
12 <4 

Samples token (no) 

800-
 Intensive 

Sequeni 

600 

400 

200 

Laguna Baotngas South Cotaboto 

8. Samples required with intensive and sequential sampling in 
deciding whether to apply an insecticide for leaffolder control, 
Philippines. 1987. 

SB damage to plants in the reproductive phase 
caused late tilh~ring in 1R64. Forty-five per-
cent of infested hills sampled during the repro-
ductive phase showed 1-10 late tillers bearing 
flowers or grains at the milk stage, whereas 
uninfested hills showed all panicles at the hard 
dough stage. Most late tillers emerged near tillers 
damaged by stem borers. Carbohydrates from 
damaged tillers may have been translocated to the 
new tillers. 

-
V _o S" 

4> _ _ - E
5> 5? 4> 
5> 
 E<1 4> '
 
6> E! <2 5> E
 
6> 
 <2 0 5> 
7> I <2 -Z 5> 
7> <3 6>
 
8> 
 <3 6> 

Groin yield/12 hills (g) 

400 0.337.14-4.5X 

r=085"
 

00 

100 

0 
0 10 20 30 40 

Whiteheods(%) 
9. Grain yield/ 12 hills at a given percentage of whiteheads 
caused by YSB. IRRI, 1987. 

Influence of stem borer attack on grain yield of
IR62 (Entomologt,). IR62 was transplanted at 20 
DAS with 25 X 25 cm between hills in a 1,250-m 
plot. One week before harvest, stem borer infesta
tioa levels (5-50% whiteheads) were sampled, as 
were undamaged hills for comparison. 

With more than 10% whiteheads present, yields 
were significantly lower (Fig. 9).

Simulated damage by yellow stem borerScirpo
phaga incertulas(Walker) on lowland rice (Entom
ology, Agronomy). We planted IR64 in a 1,250-m' 

50 
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field at IRRI. To simulate insect damage, we Grain yiel t/ha) based on 48 hills
 
injected 0.25 ml of 0.025 ppm paraquat at the
 
growing point of rice plants. Injecting tillers in the T:.T.
 
vegetative phase simulated deadhearts; injection in 5 - J I. I T

the reproductive phase simulated whiteheads. 
 I I 
Damage levels were 0% at active tillering (43 .I..
 
DAS), 10% at maximum tillering (53 DAS), 30% 

T 

4- .. .... 
 T.........
 

at panicle primordia 0.5-1 cm (63 DAS), and 60% 
:: 

:...
.........

at flowering (89 DAS).
 

The grain yield of uninjected plots (control) was

4.8 t/ha. Damage of 10% at 43 DAS and 30%at 53 J. 
DAS did not significantly reduce yield (Fig. 10), .......
..
 
but 60% damage at 43 DAS decreased yield 	 ..... 
1.0 t/ha. 2 

Damage during the reproductive phase and
 
grain filling stage significantly reduced yield.

Damage of 10 and 30% reduced yield by 1.6 t/ ha at 
 .......
 
63 	DAS and 2.0 t/ha at 89 DAS.
 

In a similar experiment, we simulated YSB 
 0: 	 0 ::6' ::L0
damage bycuttingthe base of tillers, using 5, 15, 30, 0

and 60% damage levels. We cut tillers at active Control 43 63 97
 
tillering (43 DAS), panicle primordia 0.5-1 cm (63 
 11. Grin yield of IR64 detillered (0,5, 15,30,60% damage) by
DAS), and grain filing (97 DAS). ippin yi ff ere d (e 5, .187 

Control plots yielded 5.5 t/ha. Damage at al clipping at different stages. IRRI, 1987. 

Grain yield 01/ho) based on 100 hills levels at 43 DAS itad no yield effect (Fig. 11). Fivea 0 percent damage at 63 DAS decreased yield by onlyJ .- f 0.2 t/ha. Higher damage levels significantly
" ab decreased yield-by 0.7 t/ ha at 15% damage, 0.8 at[. j 30%, and 1.7 at 60%. Plants could not compensate

ab. ifor higher levels of damage at 63 DAS. 
bcIbcdIn4I .1 summary, injecting and clipping tillers in thebcd . vegetative phase of IR64 did not significantly 

.d reduce grain yield. Some varieties may compensate
3 for damage by excessive tillering or heavier

S Ii panicles. However, insect damage during the 
reproductive phase and grain filling stage did 

...... il reduce yields and should be prevented.
Relationship between stem borer damage and
 

yield (Entomology). In the 1987 wet season (WS),
 
1 

in a field near Zaragosa, Nueva Ecija, Philippines,
e 
ITs planted to IR64 heavily infested with YSB, we

sampled 15 hills with whiteheads at per hill 
0 * o , c i ' densities of 0, 1-2, 3-4, 5-6. 7-8, and 9 up.


Control 43 63
53 89 We computed whitehead percentage, number of 
DAS borers (larvae + pupae), exit holes, and yield per 

10. Grain yied of IR64 detillered (0, 10, 30, 60,%damage) by hill.
 
injecting herbicide at different development stages, IRRI, At 1-2 whiteheads/hill, yields were maintained
1987. Vertical lines indicate standard deviation. (Table 6) because plants compensated for the 
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Table 6. Relationship between whitehead,, YSB larvae + submodel was sensitive to the effects of insecticide 
pupae + exit holes par hill, and IR64 grain yield. Zaragona, sprays, to changes in population density, and to 
Nueva Ecija, Philippines, 1987. rates of predation and parasitism. Simulated LF 

Whiteheadsa per hill YS larvae Yield population and crop yields were affected more by 
+ pupae +exit holes /hill) larval parasitization than by egg parasitization and 

no./ - predation. The earlier in the season LF populations 
0 0 a 0.13a 20.1 a were established, the lower were the simulated
 
1-2 7.8 b 2.20a 21.4 a yields.
 
3-4 22.37 c 5.07 b 14.4 b Changing patterns of pesticide use in Lagura,
 
5-6 25.54 cd 8.50 c 14.1 b
 

7.8 30.27 d 8.80 c 13.0 b Philippines (Agricultural Economicsand Entomol
9 up 39.95 e 12.10 d 6.9 c ogy). We randomly sampled farmers in Laguna in 
aAy of 15 replications. WS and dry season (DS) from 1984 to 1986. 

Farmers significantly reduced insecticide use per 
season from $16.00/ha to $10.92/ha on the 

damage. More than 2 whiteheads/hill reduced average. The reduction was more in WS than in 
yields significantly. Many farmers unnecessarily DS. Farmers reduced applications from an average 
treat their crops at fewer than I whitehead/hill. of three in 1984 to two in 1986, and dosage per 

Effect of sweeping pattern in estimating popula- application as well. In 1984, 50% of farmers 
tion density of green leafhopper (Entomology). applied between 0.2 and 0.3 kg ai/ ha; in 1986,73% 
Sweep sampling is the usual way to determine did. These results suggest farmers in Laguna are 
GLH population density ar.d the action threshold, using insecticides more judiciously and are adopt
using a standard sweepnet (30 cm diam, 1.5 m ing IPM (Fig. 12). 
long). So far, sweeping pattern has not been Integrated pest management in farmers' fields 
prescribed. (Entomology, Agricultural Economics, Plant 

At the Bohol Agricultural Promotion Center in Pathology, Agronomy, and Statistics) IPM in 
Carmen, Bohol, Philippines, during the August- farmers' fields in Guimba, Nueva Ecija, Philip-
November 1987 growing season, we planted IR64 pines, continued for the third cropping season. 
and applied no insecticides to the crop. Sweeping The results from 1987 DS involve multidisciplinary 
patterns evaluated were 1) parallel-sweeping work by a team from IRRI departments and 
along the border parallel to plot edge, 2)center- cooperating agencies such as the University of the 
sweeping through the center, and 3) diagonal- Philippines at Los Bafios, the Philippine Depart
sweeping from one corner to the opposite corner. ment of Agriculture, and the Food and Agriculture 
We swept weekly from the seedling stage until 60 Organization with six farmer-cooperators. Far-
DT in six 20- X 50-m plots, taking three 10-sweep mers divided land, half for 1PM and half for their 
samples on each plot for each pattern, standard practices. The 1PM fields were monitored 

GLH populations were similar irrespective of weekly and sequentially sampled for insects at a 
sweeping pattern, cost averaging $0.501 ha. 

Simulation of rice leaffolder populations in Insecticides were applied to farmer-managed 
lowland rice (Entomology). In collaboration with fields but not to IPM fields. Insecticide cost ranged 
personnel of the Centre for Agrobiological from $1.91 to $12.00/ha, averaging $5.68/ha. 
Research, apopulation model of the rice leaffolder Herbicide use was similar in farmers' fields and 
(LF), based on the biology of Cnaphalocrocis IPM fields. However, farmers applied more fer
medinalis (Guen&e), was coupled to a rice crop tilizer than recommended for1PM fields. Although 
growth model and simulated using CSMP on an yields were slightly higher, but significantly so, in 
IBM personal computer. Simulations of both fields managed by farmers (4.9 t/ha vs 4.4 t/ha for 
insect population and plant growth were compared IPM fields), the benefit-cost ratio slightly favored 
with WS field data. The insect submodel satis- fields in the 1PM program. Results indicate farmers 
factorily predicted the timing of population peaks ace overusing insecticides. By field scouting, they 
and the necessity for insecticide applications. The could reduce insecticide costs significantly. 
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12. Costs, frequency of' application, and average dosage ofinsecticides used in the wet season in Laguna Province,
Philippines, 1984-86. 

BIOLOGICAL CONTROL 

Entomology Department 

Insect pathogens. Producnon of the entomo-
pathogenic Beauveria bassiana in submerged
culture. Several simple liquid media were tested for 

the production of conidia and hyphal bodies of B. 
bassiana. 

of conidia were maximum (170 X 106 

conidia/ml) in a medium consisting of sucrose
(2%), yeast extract (0.5%), and basal salts; yields of 
hyphal bodies were maximum (740 X 106 hyphal
bodies/mi) in a sucrose (2.5%) and yeast extract
(2.5%) medium. This procedure inexpensively
produces the fungus for use in pilot trials againstseveral species of insect pests. 

Bioassay of Beauveriabassiana and Nomuraea 
vi against the rice leaffokr.The virulence of B.bassiana (white muscardine fungus) and of N.rilevi

pathogen olepidoptera) was tested 

on LF. Fungal suspensions had 0, 10', 10', 10', 10', 
or l08 conidia/mi. Third-instar larvae were dipped 
in each suspension and incubated in petri dishes 
with rice leaves. The B. bassiana isolate was more 
infectious to the host. 

Suppression ofbrown planthopper by Beauveria 
bassiana and insectistatic buprofezin. Dry myce
lium of the fungus B. bassiana at 100g/ha (Bb 100)
and 1,000 g/ha (Bb I000), conidia at 2 X 1012 
conidia/ ha (BbC), and buprofezin (Bu) were tested
for selective control of BPH Nilaparvata lugens
(St) in the Philippines. 

The fungal treatments suppressed the nymphal
(Fig. 13) and adult (Fig. 14) BPH in field cages, but 
no significant control was achieved 2 wk later.
Buprofezin effectively suppressed populations of
nymphs and thus the subsequent buildup of adults. 

Treatments with Bb, Bb 1000, and Bu signifi
cantly reduced numbers of hopperburned hills.
 
There were no hopperburned hills in cages treated
 
with Bu (Fig. 15).


Low fungus infections and the absence of

epizootics may have been due to rainfall and low
 
relative humidity during the experiment,
 

Virus diseases of some lepidopterous pests of
 
rice. Dead and infected larvae of the following rice

insect pests were collected: armyworm Mythimnaseparata (Walker), grass webworm Herpetogramma licarsisalis (Walker), common cutworm 
Spodoptera litura (Fab), LF C. medinalis(Guen6e), brown semilooper Mocisfrugalis, and 
corn semilooper Chrvsodeixis chalcites (Esper).
Six virus diseases-four nuclear polyhedrosis(NPV) and two granulosis (GV) viruses-were 
found in the Philippines. Virions were embedded in
NPV, while GV had a single virion in each capsule. 
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Time (wk)13. Response of BPH nymphs to the fungus &'auveria bassiana (Bb) and to buprofezin (Bu), IRRI, 1987. Bbc =B.bassiana conidia. 
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14. Response of BPH adults to the fungus B. bassiana (Bb) and to buprofezin (Bu), IRRI, 1987. Bbc = B. bassiana eonidia. 
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Control Bo Blb100 Bb 1000 Bu 

Treatment 

15. Number of hpperburned hills in plots treated with the 

fungus B. hassiana(Bb) and buprofczin (Bu), IRRI, 1987. Bbc 


= B. hassiana conidia. 

A pathogenicity test showed that NPV was 
highly virulent on 3d-instar larvae of S. litura. 
Dosages above 3.2 X 10 inclusion bodies/ ml killed 
more than 90% of the larvae. The LD50 was 2.3 X 
I04 polyhedral inclusion bodies/ ml while LT50 was 
7 d at the lowest dosage and 6dat the highest. GV 
also showed high virulence on third instars of M. 
.;"fdgalis. 

Low loses of Bacillus thuringiensis arrest 
feeding ofstriped stem borer. In the laboratory, the 
microbial insecticide Bacillus thuringiensis Berliner 
(B.t.) formulations of Dipel (R)and Thuricide (R) 
arrested feeding of SSB Chilo suppressalis 
(Walker). Larvae were fed B.t. in an artificial diet 
for 48 h, then placed on a B.t.-free diet. To 
determine B.t. ingestion, larvae and diet were 
weighed. The initial dose inhibited feeding, but 
some larvae recovered after 36, 60, and 84 hon the 
B.i.-free diet. Low doses of B.t. applied to plants in 
the field might arrest feeding, slow development, 
and makelarvae more susceptible to predators and 
parasites (Fig. 16). 

Parasites and predators. Effect of.flooding on 
parasitization of black hug eggs. In a greenhouse 
study, we determined the effect of raising the water 
level on parasitization of black bug Scotinophara 
coarctata F. eggs by Telenomus triptus. After 
oviposition, the female bug positions herself over 
the egg mass and uses her legs and antennae to 
prevent parasites from parasitizing the eggs. 

Our earlier study showed black bug egg masses 
deposited about 6 cm above water level. Our 
objective was to force the female bug off the egg 

Amount consumed (Lg diet X1000/mg larva) 
15 

0-o Expected consumption 
*11Actual consumption: Thurcide 

5-"f' Actual =osurntim Dipel 

10 

.--. .- ----....
0 6 

17 50 
B t concentration indet (lag B f X1000/ml diet) 

16. Expected consumption versus actual consumption of 
artificial diet by SSB after adding Baillu.s thuringiensis(B.I.),
IRRI. 1987. The expected consumption dose would be ingested 
if no arrested feeding occurred. 

mass by flooding, then to lower the water level to 
expose the egg masses to parasites. 

The experiment used twenty 80-d-old plants in 
pots covered by acage made of nylon mesh screen. 
Twenty female black bugs were introduced into 
each cage and allowed to oviposit for 24 h. Ten 
plants were flooded for 24 h at 10.5 cm depth. 
The remaining plants had water up to 4.0 cm 
(unflooded). After flooding, the water level was 
lowered to expose the egg masses, and 5 female 
Telenomus triptus egg parasites were placed in 
each cage to search and oviposit for 3 d. 

Flooded plants had 147 black bug egg masses 
and unflooded plants 110 egg masses. Recovered 
egg masses were held in individual tubes until 
nymphs hatched or parasites emerged. 

Egg parasitization increased from 17% in 
unflooded pots to 54% in flooded ones. Thus, 
manipulating water levels could aid black bug 
parasitization. 

Influence of two species of parasites on leaf
folder leafconsumption. Goniozus triangulifer and 
Copidosomopsis nacoleiae are important parasites 
of LF larvae. In alaboratory study, we compared 
the leaf consumption of parasitized and unpara
sitized M. painalis larvae. After G. triangulifer 
parasitized 3d-, 4th-, and 5th-instar LF, we 
measured leaf consumption. Parasitization of all 
larval stages, especially with 3d-instar LF, reduced 
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leaf consumption (Fig. 17). In contrast, 4th- and established by dirc,:L seeding and transplanting.
5th-instar LF larvae parasitized by C. nacoleiae,a Plants bearing rice bug, eggs were placed in fields 
polvembryonic parasite, fed more than the un- during booting. In I I no, 40% of the eggs were 
parasitized ones. attacked by predators and 1;% were parasitized.

Biology 0'theparasite Tetrastichusayyari. The Mortality was generally higher in TPR than in 
pupal parasite T. avyari was studied in the DSR (Fig. 18).

laboratory to determine its bionomics. The parasite 
 Green horned caterpillar egg predation and
attacked pupae of several insect pests of rice: two parositization.Ten pots, each with 15-20 marked
LF species C. medinalis and M. patnalis, green Melanitis eggs, were randomly exposed on 5- m2 

hairy caterpillar Rivula atimeta, SSB C. sup- TPR and DSR plots at 29, 4 .), 67, and 75 DAS.
pressalis, YSB T. incertulas, green semilooper The potted plants were returned to the insectary 4 d
Narangaaenescens, and green horned caterpillar after exposure. Missing eggs were presumed to
Melanitis leda ismene. Female parasites lived an have been preyed upon; the remainder were reared 
average of 39 d and males 30 d. The female-to-male for parasite emergence.
ratio was higher (1:1 2) when the parasite developed Egg predation 62% in TPR and 66% in DSR-
in SSB than when it developed in LF (1:8). The - was 3 times that of parasitization. The most
total development period for T a'yyari was 15 d. common egg predators were Anaxipha longi-
More parasites emerged from SSB pupae (84) than pennis, Conocepha!us longipennis. Metioche vit
frcm LF pupae (54). taticollis, and Micraspis nr. crocea.


These biological parameters 
 help in under- Egg parasitization was 20% in TPR and 18% in
stonding this parasite's interactions with its hosts DSR. Only two species of parasites emerged from
and in rearing T. a'yarifor possible field release, recovered eggs. Trichogramma nr. hesperidis

Rice bug egg predationandparasitization.We parasitized 60% of the eggs recovered in TPR and
monitored the mortality of rice bug eggs in fields 53% in DSR. Telenomus sp. parasitized 40% of the 

eggs recovered in TPR and 47% in DSR. 
Impact of indigenous predator and parasiteAre consumed lorvo (cm2 ) communities on eggs of Rivula atimeta, Naranga 

h aenescens,and Hydrelliaphilippina.Eggs of three 
20  early season insect pests-R. atimeta (Swinhoe),

N. aenescens (Moore), and H. philippina
(Ferino)--were exposed weekly on plants in 

o Philippine farmers' fields to determine predation 
o i l-° and parasitization during crop growth. 

Pprcent
 

60Porosilizoion Predatio 

.......
...........
 
II 111 IV V I V V . . .. : 


r
Insto ..........
 
17. Cumulti, leaf consumption by instars of LF larvae. 0 TPR DSR TPR DSR.I) Unparasiti'ed. b) parasitized by C. irianguol/eir during the
3d instar. c) parasitized during the 4th instar, and d) para- 18. Parasitization and predation of rice bug eggs in TPR andsitized during the 5th instar. IRRI, 1987. DSR. IRRI. 1987. 
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Predation, low the first 3wk after transplaiting, 
increased to 60% over the next 4 wk for N. 
aenescegg H. ptlipplinas (Fig. 19a). Predation on 
eggs increased up to 23% (Fig. 19b). Predator 
numbers sampled from these fields coincided with 
predation levels. At one site, the mirid Cvrtorhiis 
lividipennis was the major predator of R. atimneta 

and N. aenescens eggs (Fig. 19c). 
171Para,itization of N. aenescens eggs, mainly by 
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19. a) Predation on eggs of Rivula alitnefu and Naranga 
aenescens, b) predation on eggs of Hydrellia phrilippina, 
c) number ofadults and nymphs of C. lividipennis,d) number 
of predators with chewing mouthparts. Laguna, Philippibes, 
1987. 

Trichogramma japonicni Ashmead, peaked at 
52%, whereas parasitization of R. atinetaeggs was 
not higher than 4%. No parasites were recorded in 
H. phihlplpinaeggs.I'rehn iIrcoujacn/lson lh'/fldehr eggs,.% [lhe 
predatory capacities of lady beetles Al. crocea and 

S 'nhdarmonia ociotnacuilata were compared in 
caged plants containing 50 LF eggs in the IRRI 
insecta-y. Consumption of LF eggs by M. crocea 
was twice that of S. octomaculata on the second 
day (Fig. 20). By the fourth day, M. crocea had 
consumed 60% LF eggs. M. crocea is likely a more 
efficient predator of LF eggs in the field than S. 
oclolacila . 

Seasonalabundanceofandinsecticiheeff'cts on 

Coonocephaluslogipennisandon s)iders.Popula-

Cumulative no of LFeggs consumed 

O--0 MicrospIs croceo 

H30 Synhrmoa ocfomculato 

10 

0 2 45 
1 2 3 4 5 

. s after caging 

20. Cumulative number of LF eggs consumed by 2 species of 
coccinellids. IRRI. 1987. 
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tions of the predatory grasshopper C longipennis Hopper eggs attacked (no

in unsprayed plots increased during the reproduc-
 50 
tive phase of rice plants, peaking at 63 DT. This
 
population increase may be due to feeding on

flowers and tender grains of rice. Laboratory 4o
 
studies reveal that this insect is both predator and
 
pirst.
 

Application of monocrotophos at 0.4 liter/ ha at 
 30 
14 DTand 0.4 liter chlorpyrifos/ha plus BPMC at
 
56 DT decreased C. longipennis and delayed

population buildup by I wk. 20


In general, spiders were not harmed by these 
 T 
insecticide applications. 

Biologtr ol Ci'rorhinus Iividipnetnis. We studied

the effects of varietal resistance (without prey) on
 
the longevity of C. lihiipennis in greenhouse

cages. Female lon,;evity did not differ significantly 0'
 
among varieties, but males lived slightly longer on 
 :PH
GLH W-PHmoderately resistant (Triveni) than on highly 22. Predation by one pair of C lividipennis on eges of GLH,rcsistant (IR64) varieties(Fig. 21). Theffeciindity of WBPH, and BPH during 48 h, IRRI, 1987. Vertical linesC.liv'ipenmi.on varieties tested was very low (0-5 represent standard deviation. 
eggs,' female) and did not significantly differ among
 
varieties. 


(:t'riorhinus lividipennis predation. Predation 
BPH eggs and nymphsattacked (n)

28 

by one pair of C. liviijennis in mylar cages during

48 h indicated higher attack 
on BPH eggs than on 24
GLIH or WBPH eggs (Fig. 22). 1 . .:,: Femule

Predation on BPH eggs and nymphs by C. 20-
 Male/itidipenniswas studied in test tubes (20 X 2.5 cm).
 
Females and males led more on eggs than on 1st
 
nvm phal instars: females fed more than males did 
 16
 
(Fig. 23). The attack rate on BPH eggs in test tubes
 
increased up to a BPH egg density of 25 (Fig. 24). 
 12 

C. lividipennis attacked eggs of several lepi
doplerous pests. Predation by one pair of C. ...... *.*.i8 :i.... 

Longeviy (d)
(d):4
Loemall .......
 - :::::::::::::::::
 

20 

Egg 1st nymphal instar 
Prey stage 

23. Predation by individual C.lividipennis on eggs and firstiA L i i instars of BPH. IRRI, 1987. 

lividipennis on eggs of YSB, SSB, green hairy
TNI Trven, IR26 IR42 1R64 caterpillar, and LF was studied in cages. C.

21. Longevity of C lividipennis on resistant and susceptible livitipennis attackedplants. IRRI, 1987. LF eggs most and ignored
YSB eggs. 
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24. Predation by female and male C. Iividipennis on eggs of 
BPH at different densities. IRRI. 1987. 

Predatoryijficav of Cvrtorhinus lividipennis. 
One pair (male and femie) each of C. lividipennis 
was introduced into cages with plants containing 
eggs of GLH, WBPH, and BPH. BPH was the 
preferred host, with about 45 eggs attacked in 24 h. 
WBPH was preyed upon significantly less at 17 
eggs in 24 h,and GLH eggs were least preferred at 
less than 4 in 24 h. 

In this laboratory test, C. lividipennis male and 
female predation increased with increasing 
numbers of BPH eggs. Predation by females 
reached an asymptote of about 20 eggs in 24 h 
when the host density reached 75 eggs. Predation 
by males was about 1/2 this amount at an egg 
density of 75-100 BPH eggs. 

Predation on green horned caterpillar. One 
adult each of common ricefield predators-the 
katydid Conocephahs longipennis, sword-tailed 
cricket Metioche vittaticollis,lady beetle Micraspis 
nr. crocea, and wolf spider L'cosa pseudo-
annulata--washeld in a test tube with five instars 
of Melanitislarvae. Predation ranged from 40 to 
95% on Ist-instar, 15 to 60% on 2d-instar, and 5to 
55% on 3d-instar larvae (Table 7). Only L. pseudo-

annulata attacked 4th and 5th instars, but at low 
rates (6 to 5%). L. pseudoannulatawas themost 

predator and M. vittaticollisthe least. 
Predationby Ochtherasauteri.The ephydrid fly 

0. sauteri preys on a wide range of hosts. Prey, 
caught in midair and held by the raptorial forelegs, 
are impaled by large leg spines. Ochthera laps up 
emerging body fluids, feeding only a short while on 
each of many victims. It prefers highly mobile and 
relatively small prey. Common preferences in 
ricefields are Hydrellia> Brachydeuiera= Psilopa 
= Paralimna> Notiphila.Ochthera also preys on 
common rice leafhoppers and planthoppers. 

Fifty adults each of rice whorl maggot (RWM),
GLH, and BPH were maintained in a 

large aquarium for 5d. Each day, one 0. sauterifly 
was introduced into the aquarium with prey. 
RWM was preferred to leafhoppers and plant
hoppers (Fig. 25). 

by the spider Lycosa pseudoannulata 
on green leajhopperon susceptible and resistant 
varieties.Combining plant resistance with preda
tion can improve insect control. We placed GLH 
adults on IR62 (resistant), ASD7 (resistant), and 
TN I (susceptible) plants and then placed wolf 
spiders L. pseudoannulata into the cages. The 
spiders consumed more GLH on resistant varieties, 
probably because GLH move more on those 
varieties, increasing their exposure (Fig. 26). 

CHEMICAL CONTROL 

Entomology Department 

Persistence and distributionof carbosulfan seedling 
root soak. Three-week-old seedlings of IR1917-3
17 were uprooted, washed, and soaked overnight in 
a plastic basin with carbosulfan STW. Most 
insecticide stayed in the roots and leaf sheaths 
(Fig. 27), very little in the leaf blades, and none in 
the stems. Carbosulfan rapidly left the !:af sheaths 
and blades. The low uptake in the leaf blades 
explains carbosulfan's poor performance against 
early season defoliators R. atimeta and N. 
aenescens. Its rapid decline from the leaf sheaths 
explains its limited performance as a seedling root 
soak against rice whorl maggot. 

Low insecticide dosage for rice bug control. 
Three insecticides at four dosages were evaluated 
against rice bugs in the field. One application 
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Table 7. Predation on green horned caterpillar. a IRRI Corbosulfan residues (ppm)

greenhouse, 1987. 
 60 

Larval mortality (%)
 
Predator
 

1st 2d 3d 4th 5th 50 - Roots 
instar instar instar instar instar - - - - Leaf sheath 

Conocephalus 45 20 15 0 - Leaf blade0 
Iongipennis
 

Metioche 40 15 5 0 0 40
 
vittaticollis
 

Micraspis nr. 
 55 50 25 0 0 
crocea
 

L ycosa 95 60 55 6 5 30 
pseudoannulata 

aAv of 4 replications; 1 predator/5 larvae per replication. 
Mortality recorded after 24 h. 20 -

I\ 
Prey consumed (no) 10 

40o -..
0o :,_-.-......
 

00 10 20 30 
30 - LH 
 Days after treatment 

0- BPH 27. Carbosulfan residues on the different parts of IRi917-3-17 
20 - Vseedlings. IRRI insectary, Jun-Sep 1987. 

10  during the milk stage (75 DT) protected the IR64 
crop up to II d after treatment (DAT) (Table 8). 

0 1 2 3 5 6 Effective minimal dosages were deltamethrin 6-
Day afte cagi12.5 g ai/ha, monocrotophos 100-250 g ai/ha, andDays after caging phosphamidon 250-500 g ai/ha. 

25. Predation by Ochthera sauteri on rice whorl maggot Chemical control of rice whorl maggot. Previous(RWM), GLH, WBPH, and BPH confined together. IRRI 
greenhouse, 1987. research showed that aminimum of 2foliar sprays 

totaling 0.8 kg ai/ha reduced whorl maggot 
damage in the vegetative phase. Current strategy 
uses the ovicide azinphos-ethyl, followed by theGLH attacked (no) larvicide monocrotophos. Minimal dosages reduce

50 cost and harm to natural enemies. Total dosage can 
40  be reduced to 0.6 kg ai/ ha with frequent application 

(Table 9). Control was best with 0.15 kg ai/ha 

20 - applied 3-4 times at 5-d intervals.Golden apple snail control. Methods to control 
Pomacea canaliculata include hand collection,

10- :draining the field, and placing screens in irrigation 
0 ........ :......-.
IR62 .... inlets. However, heavy infestation requires mol-ASDI TN1 luscicides. All molluscicides work best if the field 

Cultivar water depth is maintained at 2 cm for I wk. 
26. Predation by Lycosa pseudoannulata on GLH on sus- Triphenyltin acetate controls snails best but isceptible and resistant plants. IRRI, 1987. highly toxic to fish (Fig. 28). Niclosamide is 
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Table 8. Field evaluation of 3 insecticides for rice bug control,a IRRI farm, 1987. 

2
Rice bugs (no./5 m )at indicated days after treatmentc
 
Insecticideb (gRateai/ha) 
 1 DBT 1DAT 7 DAT 11 DAT 

Deltamethrin 2.5 EC 25 67 abc 5 abc 8 a 16 a 
12.5 79 9ac 10a 18a 
6 67abc 7 7abc 29ab
 
3 58 abc 14 c 12 a 23 ab
 

Monocrotophos 31 EC 
 500 58 abc 9 a 9 a 14 a 
250 56 ab 13 ab 5 a 41 bc 
100 56 ab 17 abc 7 a 16a 
50 74 bc 33 c 27 b 37 abc 

Phosphamidon 75 EC 530 47 a 17 abc 10 a 26 a 
250 59 abc 11 a 8 3 18 a 
100 72 bc 28 bc 21 b 32abc 
50 79 c 32 c 23 b 50 c 

Untreated control - 75 bc 59 d 51 c 45 bc 

aAv of 4 replications. DBT = days before tretment, DAT = days after treatment. bApplied once at 75 d after transplanting
 
at spray volume of 500 liters/ha. c 10 net sweeps/plot.
 

Table 9. Timing and frequency of insecticide spray fv:effective rice whorl maggot control . IRRI, 1987. 

Spray Dosage per Damaged leaves (%)

scheduleb application
 
(DT) (gai/ha) 9 DT 
 15 DT 26 DT 33 DT 

3,8 300+300 3a 17ab 20 c 16 bc
6, 12 300+300 5a 13a 16 18b . 
9,16 300+300 7ab 22 b 11a 10a
 
5,10, 15 300 + 150 + 150 4a 12 a 
 11 a 12 ab
 
5,10,15,20 150 + 150 + 150 + 150 a
4 
 18 ab 8 a 8 a
 
Control  l0b 29 c 26 d 17 c
 
aAv of 4 replications, Twenty randomly scleted hills constituted areplication. bThe first application used azinphos.ethyl; 
the second to fourth used monrcrotophos. DT = days after transplanting. 

Mortality
(%)
 
100 Triphenyltin " iclosomide Metaldehyd1 

acetate / _"cosmd 

80 / 

60 -/ -- Snail
 

f/40// 

20- / 1 

0 005 020 040 0GO 005 0.10 020 0400 0.60 080 1.20 1.50 2.0 
Dosage (ppm) 

28. Toxicity togolden apple snail and tilapia Saroilerodon niloticus oftr;phenyltin acetate, niclosamide, and metaldehyde applied to 
floodwater. IRRI, 1986. 
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Nymphs b.cominq adults %) were soaked in 2.5, 5, and 10% neem seed kernel
100 

N lugens N vtrescens extract (NSK E) for 24 h and incubated for48 h. In 
80 another set, seeds soaked in water for 24 h wer'

a adressed with neem cake (NC) powder. Significantly 
0 bc 

a fewer BPH nymphs developed on seeds soaked in10% NSKE or dressed with 2%NC. However, only 
d d a 10% NSK E prevented GLH nymphs from develop

20 ing into adults (Fig. 29). Presowing treatments did 
1 I Inot affect seed germination, seedling root and0 25 5 10 1 2 0 25 5 10 1 2 shoot length, or the chlorophyll content of lR36NSKE NC NSKE NC and IR42 seedlings. Root and shoot growth index 

Concentroton %) and seedling dry weight increased significantly in 
29. Effects of neen seed kernel extract (NSKE) 
(NC) 

or neem cake seedlings receiving NSKE or NC treatments 
as presowing seed treatments on decelopment of first

instar N. lugensand N. virescensnvmphs, IRRI, 1987. Avof3 compared with the control (Table 10).
replications, 10 first-instat n mphs replication. 
 El'ectsof neem on green leafhopperoviposition 
andnymph emergence. The efficacy of NSKE and 
neem seed bitters (NSB) against GLH ovipositionintermediate in controlling both snails and fish at and hatchability was tested by root immersion of

low dosages. Metaldehyde controls snails and is TN I seediings for 12 or 24 h. Root immersion forsafe to fish but requires a high dosage. 12 h in NSKE or NSB did not reduce oviposition
In agreenhouse trial, soaking seedlings in 0.1% or prevent nymph emergence, but 24-h immersion

ai cartap/ha reduced snail damage from 100% to effectively lowered nymph emergence and hatch359; seedlings consumed. Protection lasts up to ability. Significantly fewer eggs were laid only in
I wk. Cartap isarcpellent, not a molluscicide. the 5% NSKE relative to the control (Table 11).

Botanical pesticides Lffects ofneem inpresowing E/ffects ofneem on green leafhopperfteding.We
seed treatments on seedling vigor and on brown eectronically monitored the feeding of newly
planthopperandgreen leahopper.TNI rice seeds emerged GLH females on 21-d-old TNI plants 

Table 10. Effect on seed germination and vigor of presowing troatment with crude neem seed kernel extract (NSKE) and 
neem cake (NC).a iRR , 1987. 

Neem Growth index Length (mm) Dry wt htreatment Germination (mg)/ Chlorophyllb 
%) %) Root Shoot Root Shoot 10 seedlings (Mg/g) 

1R36 
NSKE


2.5 96 a 77.5 a 66.0 a 250.3 a 105.0 a 91 a 51 a5.0 95a 79.8a 71.3a 249.3 a 104.0 a 92a 50r10.0 94 a 81.5 a 70.5 a 250.d a 106.0 a 90 a 52a 
NC 

1.0 94 a 60.8 b 60.5 b 249.3 a 106.0a 90a 50a2.0 96 a 55.0 c 63.5 b 250.0 a 105.8 a 89 ab 510 (control) 94 a 
a

34.8 d 44.3 c 249.8 a 105.3 a 85 b 49 a 

IR42 
NS KE

2.5 96 a 43.8 ab 46.8 b 218.0 a 80.0 a 83 ab 106 a5.0 96a 39.5 b 47.8 b 2 20.5 a 80.8 a 85 a 106 a10.0 95 a 48.8 a 52.5 a 219.5 a 80.0 a 84 ab 105a 
NC 

1.0 95 a 24.8 c 22.5 c 220.0 a 80.0a 80 bc 104 a2.0 95a 24.8 c 26.3 c 2 20.8a 81.0a 82abc 106a0 (control) 94 a d16.0 17.3 d 219.0 a 81.0 a 78 c 104 aaAv of 5 replications. In a column, means for each variety followed by a common letter are not significantly different at 
the 5% level by DMRT. bFresh weight basis. 
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Table 11. Ovipositional response and egg hatch of N. 
virescens on TN1 seedling roots dipped for 12 or 24 h in
NSKE or neem seed bitters (NSB) solution.a IRRI, 1987. 

Eggs Hatchability Nymphs
Treatment laid that emerged 

(nn.) (no.) 

12 h 
2500 ppm NSB 43 a 75 abc 40 ab 

5000 ppm NSB 27 a 
 71 abc 19 abc

2.5% NSKE 21 a 89 ab 20 abc 

5.0% NSKE 21 a 76 ab 16 abc 


24 h 
2500ppmNSB 15ab 55 bcd 11 bcd 
5000 ppm NSB 19 a 67 bc 12 bc
2.5% NSKE 
 14 ab 36 cd 7 cd 
5.0% NSKE 8 b 28 d 5 d
0 (control) 50 a 100 a 50a 
aAv of 5 replications, 

systemically treated by overnight root immersion 
or by dipping foliage for 25 s in a 2500 ppm NSB 
solution. During 3-h observation, waveform pat-
terns showed significantly less phloem feeding in 
neem-treated plants than in the control (Table 12),
with a corresponding increase in probing, salivation 
period, and xylem feeding in neem-treated plants.

Effects of neem and carbofuran mixtures on 
green leafhopper and rice tungro virus transmis-
sion. We evaluated the efficacy of carbofuran 
combined with NC or neem seed kernel (NSK) 
powder at I kg ai/ha (33.3 kg NSK or NC + 
33.3 kg carbofuran 3G) and compared it with
carbofuran alone at I or 2 kg ai/ ha. The treatments 
were applied to soil of potted TN I rice seedlings at 
10 DT. Untreated plants served as controls. GLH 
survival in plants treated with carbofuran alone or 

with neem-mixed carbofuran was negligible com-

pared with 100% insect survival in the control. Rice 


Table 12. Means of various events in 3-h feeding by N.virescens females on TN1 plants systemically treated with 
or dipped in 2500 ppm NSB solution.a.IRRI, 1987. 

Sali- Phloem Xylem Total 
Treatment Probes vation inges- inges- inges-

(no.) (min) tion tion tion 
(min) (min) (min) 

Systemic 25 a 21 a 29 b 2 3 a 52 a 
Foliar 24a 15ab 41 b 29a 70a
Control 13 b 10 b 76 a 1 b 77 a 

aAv of 10 replications. 

tungro virus (RTV) infection was significantly
lower in plants treated with NSK-carbofuran
mixture than in plants treated with carbofuran 

alone. No nymphs emerged in plants treated withcarbofuran at 2 kg ai/ ha or with neem-mixed 
carbofuran (Table 13). 

Effects of necm on green leafhopper and itspredatorCvrtorhinuslividipennis.NSB and neem 

oil (NO) were applied directly to GLH females andC. lividipennis females at 0, 5, 10, or 20 
mg/individual. Oil was significantly toxic to GLHat 10and20pgandtothemiridat5, 10,and20pg 

(Table 14). However, NSB were significantly more
toxic to GLH at all doses than to the predator.

Predation by C. lividipennis adults on plants 
laden with GLH eggs was not affected by NO or 
NSB. Mortality of GLH nymphs on plants sprayed 
with NO increased with increasing oil concentra
tion, and increased significantly more on plants
sprayed with 9% NO in the presence of the 
predator. GLH nymphs mortality on plants
systemically treated or sprayed with NSB increased 
with concentration. Also, mortality increased on 
plants sprayed with or root-dipped in NSB 
solution with the predator present.

GLH population on TN I plants increased signi
ficantly less with the predator than in the control 
and compared with that on plants treated with 
NSB or NO (Fig. 30). Population increase on 

Table 13. Comparison of Nephotettix virescens adult mortality, nymph emergence, and rice tungro virus (RTV) in.fection in TN1 rice plants trected with carbofuran mixed 
with neem seed kernel (NSK) or neem cake (NC) powder, 
or carbofuran alono.a IRRI, 1987. 

Adult mortality 
(%)in Nymphs RTV 

Treatment infestations that infection 
emerged 1%)

1st 2d (no.) 

Carbofuran 100 a 100 a 0 a 2 a 
(1 kg ai/ha) + 
NSK (1:1)

Carbofuran 98 a 96 a 0 a 8 b 
(1 kg ai/ha) + 
NC (1:1) 

Carbofuran 100 a 100 a 0 a 10 b 
(2 kg ai/ha)

Carbofuran 100 a 98 a 4 b 28 c 
(1 kgai/ha) 

Untreated (control) 0 b 0 b 285 c 100 d 

aAv of 5 replications. 
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Table 14. Mortality of C. lividipennis and N. virescens
females 24 h after topical application with neem oil or 
naem seed bitters.a IRRI, 1987. 

Treatment Mortality (%)
(pg/individual) C.Csividipennis N. virescens Differenceb 

CNee vi n 

Neem oil

10 19.7 abc 30.0 a 10.3 
20 	 26.8 a 36.0 a 9.2 ns0 (cor'trol) 9.3 c 1.0 b 8.3 ns 

Neem seed bitters 
5 14.8 a 35.6 b 20.8 * 

10 10.9 a 55.0Oa 44.1*20 8.3 a 59.0 a 50.7**
0 (control) 11.3 a 0.0 c 11.3* 


aFor each neem form, means 
 in a column followed by a 
common letter are rot significantly different at 5% level
by DMRT. Av of 10 replications, 10 individuals/replica,
tion. 

neem-treated plants together with the predator was 
significantly less than on plants without the 
predator or with neem treatments alone, 

Ejiects of neem forms and custard-appleoil on 
green leq/hoppers and predatory mirids and 
spiders. Four field trials, two each in Laguna and 
Nueva Ecija, Philippines, were conducid in
November 1986-May 1987 using a 50% NO: 
custard-apple oil (CAO) mixture (4:1 vol/vol)
sprayed with an ultralow-volume applicator, either 
alone or in combination with 150 kg NC as basal 
application. Spray applications, weekly in Laguna
and fortnightly inNueva Ecia, commenced from 5
DT. Weekly application of NO:CAO mixture at 6 

Leafhopper nymphs and adults (no) 
500 

M Without predator

400 With predator 


3004 

200 

100 

.......
 0 
Control 2500 ppm Control 12(%)neem oilneem seed bitters 

Treatment 
30. Increase in N. virescens population on neem-treated TNI
plants with or without C. lividipennis adults at 30 d after
infestation, IRRI, 1987. Av of 5 replications, each with I pair
of leafhoppers and I pair of predators. NSB = neem seed 
bitters, NO = neem oil. 
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liters/ha significantly reduced GLH population.Neem treatments did not reduce field populations 

of the predatory mirid bug and spiders; however, 
insecticide applications did (Fig. 31).

Los effectiveness of neem oil and BPMC
insecticidefor rice tungro virus management. The
control potential ard the cost effectiveness of a50% NO:CAO mixture (4:1 vol/vol) at 8 liters/hawere compared with those of BPMC (0.75 kgai/ha) insecticide treatment in 3 consecutive 
croppings in 1984-85 for RTV management.January-April 1984 RTV incidence was negligible 
and yields were high in all treatments. In June-October 1985, plots treated with the oil mixture 
had significantly less RTV infection than the 
untreated control, but yields were not significantly
different. In November 1984-March 1985, RTVincidence was significantly less in plots treated with 

the oil mixture than in insecticide-treated anduntreated control plots. Yield was significantly
higher in plots treated with the oil mixture. Net 
economic gain was consistently higher in plots
treated with the oil mixture than in the untreated 
control or BPMC treatment, mainly because of 
reduced RTV, increased yield, and less expensive
oil treatment (Table 15).

Effict ofnonedibeseedoilson survivalofgreen
leafhopperandon rice tungro virus transmission. 
Oils extracted from seeds of the trees karanj
Pongamiapinnata, mahua Madhuca longifolia, 

Predators (no/O hils) 
Laguna 
 a Nuevo Ecija


10 a
 

8 

6 

a 	 b 

a 

2 

0 A B C D A B C D 
T n.Treament31. IPopulations of predators C.lividipennisand L. pseudoamntthla in plots planted t) IR42, ILaguna and Nueva Ecija,


Philippines. 1987 WS. A 
= untreated control. B = neem cake

basally applied, and spray with neem 
oil(NO)-custard-apple
oil mixture. C = NO-custard-apple oil mixture, and D =
 
monocrotophos. Av of 5 replications and 6 observations at 
each site. 
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Table 15. RTV control, yield, and net gain in ricefields sprayed with NO:CAO and an insecticide.a IRRI, 1987. 

Net gain b 
RTV Yield Value of Cost of 

Treatment (%) (t/ha) yield treatment (value of yield lessCs) cost of treatment) 

Januarl-April 1984 
NO:CAO 5 a 6.1 a 1068 44 1024
 
BPMC 4 a 6.1 a 1068 125 
 943 
Control 7 a 5.6 a 980 12 968 

June-October 1984 
NO:CAO 4 a 5.1 a 892 44 848 
BPMC 6 ab 4.7 a 822 125 697 
Control 9 b 4.6 a 805 12 793 

November 1984-March 1985 
NO:CAO 29 a 3.1 a 542 44 498 
BPMC 56 b 2.5 b 438 125 313 
Control 52 b 2.3 b 402 12 390 
aAv of 4 replications/cropping season. Cost of palay = $0.175/kg (NFA price). NO:CAO mixture and BPMC were applied 
8 times during each croppirtg season. For each cropping season, means in a column followed by a common letter are not 
significantly different at the 5% level by DMRT. bCost of treatment includes labor and materials. Control treatment cost 
included labor ($10) and 8 pc DC batteries ($2) for applying 1.66% Teepol-water solution (emulsifier) using an ultralow
volume spray applicator. 

and pinnai Cahphyvllum inophillum were more 
effective than NO in reducing the survival of GLH 
and its transmission of RTV, and as effective as 
CAO. Insect mortality was 100% after 4 d on rice 
plants sprayed with oils at 5% concentration in 
contrast to 69% insect survival on control plants 
(Table 16). RTV infection was 17 to 35% on oil 
treated plants and 51% in the control. 

Cvtogenetic effects of neenm seed bitters on 
spermatocyvtes of green leafhopper and brown 
planthopper. Exposure to neem seed derivatives 
can reduce the reproductive potential of several 
insect pests. We investigated the elfect on rep-
roductive fitness of first-generation male progeny 
of GLH and BPH parents caged on rice plants 
sprayed with an aqueous solution of 100, 500, or 
2500 ppm NSB. 

The meiotic process, but not interphase, was 
significantly affected by NSB treatment. Few 
spermatogonia carried on the meiotic divisions 

that produced primary and secondary spermato
cytes. This significantly reduced the meiotic index 
in the progeny derived from treated parents 
(Table 17). 

Leaffolderfeeding on rice plants sprayed with 
necem oil or neem seed bitters. Thirty-day-old TN i 

rice plants were sprayed with 2500, 5000, or 10,000 
ppm solution of NSB or 1.25, 2.5, 5, or 10% 
emulsified NO. Plants sprayed with Citowett or 

1.6% Teepol soluticri servea as controls. One hour 
after treatment, a starved 4th-instar Cnaphalo
crocis nedinalis larva was allowed to feed for I h 
on treated or control plants. The 9 to 10 replications 
for each treatment used fresh plants and fresh 
larvae. Electronic monitoring showed that feeding 
duration decreased significantly on plants sprayed 
with _ 2.5% neem or with > 2500 ppm NSB 
solution (Fig. 32). 

Effect of neern seed bitters on leafjbider and ts 
parasitization and predation. Fourth-instar LF 
Marasmiapatnalis larvae failed to gow when fed 
leaves from IR36 rice plants dipped in 100, 200, 

Table 16. Survival of Nephotettix virecens adults alter 
exposure on TN1 rice seedlings sprayed with emulsifiel5% nonadible oils, and RTV infection.a IRRI, 1987. 
-

Survival %)after indicated time FTV 
Treatment
Treatment - infection 

Karanj oil 44 c 30 b 14 b 0 a 17 aManuaoil 35ab 22ab 7ab 0a 23ab 
Pinnai oil 32 a 16 a 1a 0 a 19 ab 
Neem oil 71 d 55 c 29 c 0 a 35 c 
Custard- 13 bc 25 ab 10 b 0 a 25 b
applc oil
Teepol 1% 86 e 84 d 78 d69 b 51 d 
(control)
 
aAv of 10 ,,Iplications, 10 seedlings and 10 adults/replica.
 

tion.
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Table 17. Mean frequencies of meiocytes and nonmejo- Pupae and adults %) 
cytes, and meiotic indices in progeny derived from N. 100
 
virescens and N. lugens parents on TN1 rice plants treated a
 
with NSB.a IRRI, 1987. 
 75 a b 

..... !i~i~ii~iAdults
 
Neemtreatment Frequency (no.) Meiotic 50 

(ppm) Meiocytes Nonmeiocytes bc 
25 Cb-iN. virescens b

100 450a 197 a 0.69 b 0
500 86 b 91 b 0.48 c 0 (control) 100 200 500 -j10

2500 77 b 89 b 0.45 c Concentration (ppm)0 (control) 484 a b96 0.83 a 33. .larasinia panalispupae and adults developed from 4th-
N. lugens instar larvae fed with rice leaves treated with NSB, IRRI. 1987.100 82 221b a 0.28 b Av of 4 replications, 10 larvae, replication.


500 81 b 273a 0.22 b
 
0 (control) 233 a 375 a 
 0.38 a
 

a In a column, means followed by a common letter are not Parasite adults (no)/5 LF pupae
 
significantly different at the 5% level by DMRT for N. 100 a

virescens (av of 15 replications, 1 male/replication) and at 
 a athe 10% level by t-test for N. lugens (av of 10 replications, 75 - 0
 
1 male/replication).
 

50 

500, or 1000 ppm NSB solution (Fig. 33). A 2
 
prolonged larval period led to developmental 25
 
abnormalities. Hatchability of eggs was signifi- 0
 
cantly reduced on rice leaves dipped in a 500 or 
 0 0 100 200 500 1000
1000 ppm NSB solution. Growth disruption otowet )

persisted even after larvae emerged. Adult emer-
 Concentration (ppm) 
gence decreased when LF pupae were dipped in a 34. Emergence ol Tetra.,tichus a*ryari adults from prepara
500 ppm olution. However, the emergence of the siti/ed pupae of Al. panalis treated with NSB, IRRI, 1987. Avof 8 rcpli::ations. 5 pupae replication.
parasite Tetrastichus aYYari from treated, pre
parasitized pupae was not affected, except at the 
highest dose (Fig. 34). Topical application of NSB triangulfer, a LF parasite, did not affect the 
at 5, 10, 20, or 50 mg in the presence of Goniozus parasite's longevity. In field tests, predation of LF 

eggs on plants sprayed with an electrodyn formula-
Feeding durahoo (mi~n) tion of NO was as high as in untreated control. 
25 Botanicalsagainst storedgrainpests. Insecticides 
20i a or fumigants commonly used to protect storedgrains can be hazardous to farmers. Therefore, 
15 b plant materials used traditionally as grain pro

bc tectants need reevaluation. 
10 b 

botobc In a food preference chamber, fewer adults of 
the red flour beetle Tribolium castaneumsettled on
rice grain treated with !00,500, or 1000 ppm of the 

0 2500 500010000 0 125 25 5 10(con5r0l) (control) oil of turmeric Curcuma longa, sweet flag Acoruscalamtus, or neem, or of a Margosan-O(R)
NSB(ppm) NO(%) azadirachtin-based formulation (Table 18). 

Concentration Repellency increased with increasing concentra32. l)uration of Ifcding by 4th-instar C. itedinalis larvae tions of the oils and Margosan. T castaneum
recorded elcctr.)nically on Ik36 rice plants sprayed with NSB3
solution (av of 9 replications) or neem oil (NO) (av off10 adults fed wheat flour treated with the testreplications). I RI.,R1987. materials at 200 ppm or higher produced fewer and 
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underweight larvae, pupae, and adults compared 
with those in the control. 

Table 18. Tribolium castaneum adults that settled on rice 
treated with plant products and in control rice grain at 24 
h after exposure in a food preference chamber.a IRRI,
1987. 

Concen- Adults (no.)Plant product tration in rice grain
(ppm) Treated 

Neem oil 100 34 c 
500 16 ab 

1000 11 a 
Turmeric oil 100 31 bc 

500 15 ab 
1000 15 ab 

Margosan-0 500 13 a 
1000 6 a 

Sweet flag oil 1000 17 ab 

aAv of 3 replications, 120 individuals/replication, 

Control 

50 
69 
68 
57 
61
 
52 
61 
59 
55 

Test materials also repelled the lesser grain borer 
Rhi:opertha dominica. Turmeric oil and sweet 
flag oil were slightly more repellent the first 2 wk 
than NO and Margosan, but thereafter less so. R. 
dorninica adults made fewer and smaller feeding
punctures in filter paper disks (7 cm diam) treated
with the test materials at 100, 500, or 1,000 pg/cm 2 

than in the control. NO alone or in combinationwith fumigation applied to Iice storage jute sacks at1,000 or 4,000 yg/cm2 or to the grains at 500 or 

1,000 ppm significantly reduced populations of R. 
lonhiica, T casianeum. the rice weevil Sitophilus

ori'zae, the saw-toothed grain beetle Oryzael7iihs
surinamensis,the mealworm moth Corc'ra ceTha

lonica, and the Angoumois grain moth Sitoiroga
cereahlla, and decreased weevilled grain and grain
weight loss (Table 19). Seed germination and
seedling shoot and root growth were significantly 
better in NO treatment than in the control. 

Table 19. Live adults of important storage insect pests in rice stored either after direct treatment or stored in treated jute
sacks for 8 mo in a warehouse at Calauan, Philippines.a IRRI, 1987-88. 

Treat. 
ment Treatment 
no. 

1 Bag treatment with 1% NO 
2 Bag with 4% NO 
3 Grain with 5% NO 
4 Grain with 1%NO 
5 Fumigation + T1 
6 Fumigation + T2 
7 Fumigation + T3 
8 Fumigation + T4 
9 Bag treated with pirimiphos-methyl 

10 Grain treated with pirimiphos-methyl 
11 Fumigation 
12 Control 

Insect pest adults (no.) WeevilledC 

bR. dominica S. oryzae T. castaneum 0. surinamensis grains 

4.3 ab 3.7 a 1.3 abc 0.3 ab 4.3 ab
3.5 ab 3.7 a 1.0 abc 0.3 ab 3.3 a 
3.9 ab 3.0 a 0.7 ab 0.7 ab 3.3 a
4.8 ab 3.7 a 0.30 0.0 a 3.3 a 
4.8 ab 3.3 a 1.0 abc 0.0 a 3.6 ab 
4.8 ab 3.7 a 1.0 abc 1.0 b 3.1 a
3.1 a 3.7 a 1.3 abc 0.7 ab 3.4 a 
3.1 a 3.7 a 1.0 abc 1.0 b 3.3 a 
3.9 ab 3.0 a 1.7 abc 1.3 b 3.1 a 
3.9 ab 3.7 a 2.0 bc 0.7 ab 3.7 ab 
6.3 bc 5.3 ab 2.3 bc 0.7 ab 5.9 b
8.5 c 6.7 b 2.7 c 1.0 b 13.3 c 

aAv of 3 replications, 1 bag of 44 kg of paddy/replication per treatment. Regular 250-g samples were drawn from each bag 
for 8 consecutive mo with a spear sampler, bAt 5 mo. cAt 8 mo. 
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HIRBICIDF SCR-ENING 

Research to identify herbicides for weed control in 
rice continued at IRR Iat the Maligaya, Bicol, and 
Visayas research stations of the Philippine Bureau 
of Plant Industry (BPI), and in farmers' fields in 
Batangas and Nueva Ecija. 

l'chinoch/oacrus-galli ssp. hispidhiia, L gla,-
rescens, .honochoria vaginalis, and Cvperus d(f 

.fornis were common in transplanted rice (TPR) 
and broadcast seeded rice (BSR). Echinochloa 
colona, 1:/husine intdica, Roit/oellia cochinchi-
nenist, A,,naranthus spinosus, Triantlhentaporlu-
lacastrun,('onmmelina benghaensis Crperusiria, 
and Ageratum con*zoides were dominant in the 
upland fields, while Echinoch/oa co/ona was 
dominant in dry seeded rice. 

Irrigated transplanted rice. Preliminaryscreen-
hlg. There were no significant differences due to 
low weed pressure bctvween most treatments and 
the untreated check (Table 1). However, Mon 7200 
gave grain yields of about I t more than those of the 
standard herbicide butachlor. Early application of 
SC 0735 damaged the rice, severely reducing yield. 

Advanced trials at IRR! and BPI. In the dry 
season (DS) at IRRI, bensulfuron, naproanilide 
-thiobencarb, pretilachlor + fenclorim, butachlor, 
and the hand-weeded check gave comparable 
yields, all significantly higher than that of the 

untreated check (Table 2). At the Maligaya station,
all treatments gave similar yields. All herbicide 
treatments at the Bicol station and most at the 
Visayas station yielded significantly higher than 
the untreated check. 

In the wet season (WS), yields with herbicide 
treatments at IRRI and at the Maligaya station 
were not significantly different from that of the 
untreated control (Table 3). At the Bicol station, all 
herbicide treatments except for quinclorac gave 
significantly higher yields than the untreated check. 
At the Visayas station, the untreated check was 
markedly outyiclded only by bensulfuron. 

Irrigated broadcast seeded rice. Preliminar' 
screening. Most treatments adequately controlled 
Al. vaginalis However, only Mon 7200 at 0.12 kg 
ai/ ha applied at 6 d after seeding (DAS) and NC 
311 at 0.021 kg ai/ha applied at 10 DAS, gave 
higher grain yields than did the untreated check 
(Table 4). Both herbicides were nontoxic to ricc; 
WL 95481 and SC 0735 were apparently toxic. 

Ae/vanced trials at IRRI and BPI. In DS, 
bensulfuron, thiobencarb - 2,4-D, naproanilide 
thiobencarb, and butachlor followed by hand 
weeding at IRRI and piperophos - 2,4-D, quin
clorac, and thiobencarb - 2,4-D at the Maligaya 
station gave significantly higher yields than the 
untreated control (Table 5). At the Bicol station, 
yields were comparable. 

Table 1. Effect of herbicides on weed control, crop tolerance, and yield of irrigated transplanted IR6 4 .a IRRI, 1987 WS. 

Application Weed weight (g/m2) 
Treatment Rate Time Broadleaf Grasses Sedges 

(kg ai/ha) (DT)b 

Mon 7200 
Mon 7200 
Dowco 356 
SC 0735 
Hand-weeded check 
NC311 
Untreated check 
WL 95481 
WL 95481 
NC311 
Oowco 356 
Butachlor 
SC 0735 

aAv of 3 replications. bDT 
toxicity, 10 = complete kill. 

0.09 
0,09 
0.3 
0.035 

Twice 
0.014 

-
0.2 
0.2 
0.014 
0.3 
1.0 
0.035 

= days 

8 

3 

3 

8 


15 + 30 

8 

-

3 

8 

3 

8 
8 
3 

weeds 

14 a 10 abc 42 c 
2 a 12 abc 38 c 
Cia 4 abc 28 c 
2a 10 abc 8 ab 
2 a 0 a 2 a 
2a 38 c 4ab 
8 a 14 abc 34 c 

10a 2 ab 32 c 
4a 10 abc 28 c 

18a 8abc 10 bc 
10a 12 abc 54 c 
4 a 8 abc 66 c 

18a 16 abc 184 c 

after transplanting. CRated 2 wk after herbicide application 

visual Yield 
toxicity t/ha) 
ratingC 

0 4.2 a 
0 4.1 a 
0 4.1 a 
2 4.0 a 
0 4.0 a 
0 3.9a 
0 3.6 a 
0 3.4 a 
0 3.4 a 
0 3.3a 
0 3.2 a 
0 3.2 a 
4 1.3 b 

on a scale of 0-10: 0 - no 
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Table 2. Effect of granular herbicides applied before weed emergence 13-5 DT) on IR64 yield at 4 Philippine sites, 1987 DS. 

Yleldb t/ha)RateTreatmenta 
(kg ai/ha) IRRI Maligaya Bicol Visayas 

Hand-weeded checkc  5.3 a 3.7 a 5.5 a 5.4 a
 
L3ensulfurond 0.04 4.5 ab 3.9 a 4.9 ab 
 5.4 a
Pretilachlor + fenclorime 0.45 4.1 ab 4.1 a 4.2 bc 4.5 b 
Butachlor 1.0 4.5 ab 3.9 a 4.0 bc 4.3 b 
Piperophos - 2,4-D 0.3-0.2 3.3 bc 3.9 a 5.0 ab 4.5 b 
Naproanilide - thiobencarb 1.0-0.7 4.1 ab 3.8 a 3.6 c 4.0 b
Pendimethdlin 0.75 3.1 bc 4.0 a 3.2 c 4.3 b 
Quinclorac 0.2 bc3.2 4.0 a 4.3 abc 3.7 bc 
2,4-D 0.8 bc3.9 3.8 a 3.0 c 3.1 cd 
Untreated check - 2.6 c 3.7 a 0.6 d 2.7 d 

CV (%) 21 12 21 14 
a A plus (+) sign means herbicides were tank-mixed; a spaced dash (-) means the herbicides were applied as a proprietary 

mixture. bAy of 4 replications/site. CAt15 and 35 d after transplanting (DT). dWettable powder. eEmulsiflable concentrate. 

Table 3. Effect of granular herbicides applied before weed emergence (3-5 DT) on IR64 yield at 4 Philippine sites, 1987 
WS. 

Yielda (t/ha)Rate 
(kg ai/ha) IRRI Maligaya Bicol Visayas 

Hand-weeded checkb - 4.1 a 3.7 a 4.6 a 6.0 ab
 
Ben:jlfuronc 0.04 b
3.5 3,9 a 4.4 a 6.4 a
 
Piperophos - 2,4-D 0.3-0.2 3.6 b 
 4.0 a 4.3 a 5.4 abc 
2,4-D 0.8 3.5 b 4.0 a 4.2 a 5.2 abc 
Pretilachlor + fenclorim d 0.45 3.0 c 3.9 a 4.4 a 5.1 abc
 
Butachlor 
 1.0 3.6 b 3.4 a 4.3 a 5.0 abc 
Pendimethalin 0.75 3.3 bc 3.7 a 4.1 a 4.8 bc
 
Naproanilide - thiobencarb 1.0-0.7 3.5 b 

Quinclorac 0.2 3.3 bc 3.7 a 2.9 b 4.8 br
 

3.8 a 4.4 a 4.2 c 

Untreated check - 3.2 bc 3.4 a 3.0 b 4.2 c 
CV (%) 8 11 8 18 

aAv of 4 replications/site. bAt 15 and 35 d after transplanting (DT). CWettable powder. dEmulsifiable concentrate. 

Table 4. Effect of herbicides on weed control, crop tolerance, and yield of irrigated broadcast seeded iR6 4 .a IRRI, 1987 
WS. 

Application Weed weight (g/m) Visual 
___________________________ Viual Yield 

Treatment Rate Time Broadleaf Grasses Sedges toxicity tha) 
(kg ai/ha) (DAS)b weeds ratingc 

Mon 7200 0.12 6 0 a 24 a 20 a 2 2.9 a
 
NC 311 0.021 10 
 0 a 30 ab 0 a 0 2.8 a 
SC 0735 0.070 10 6 ab 54 ab 1 a 2 2.4 ab 
Mon 7200 0.012 10 4 ab 26 a 18 a 3 2.3 ab 
WL 95481 0.1 6 18 ab 102 b 20 a 4 2.2 ab 
NC 311 0.021 6 26 abc 48 ab 22 a 1 2.2 ab 
SC 0735 0,070 6 34 hc 78 ab 16 a 4 2.0 ab 
Butachlor 1.0 10 3 ab 44 ab 10 a 1 1.9 ab 
Untreated check - - 72 c 84 ab 14 a 0 1.2 b 

aAv of 3 replications. bDAS = days after seeding. CRated 2 wk after herbicide application, on oiscale cf 0-10: 0 = no toxici
= ty, 10 complete kIll. 
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In WS, yields with butachlor and naproanilide - produced lower yields, possibly because of initialthiobencarb at IRRI and pendimethalin, napro- 2,4-D toxicity. Dowco 356-Dowco 433 as aanilide - thiobencarb. and quinclorac at the Visayas proprietary mixture gave low yields because, at allstation were not significantly different from that of application times, sedges, predominantly Scirpusthe untreated check (Table 6). At the Bicol station, mariinus,were uncontrolled.all herhicide treatments gave significantly higher In WS, new herbicides were used. Grain yieldsyiclds than the untreated control. At Maligaya, all were low because of lodging at the spikelet fillingtreatments gave similarand very low yields because stage (Table 8). However, all herbicide combinaof tungro infection. tions gave yields higher than did the untreatedHtlbichh, combination. In DS, all quinclorac check and three other treatments. Single applicaand bensulfuron combinations, regardless of tionsat 6 DAS offbensulfuron at 0.05 kg ai/ ha andapplication time, controlled weeds adequately and of NC 311 at 0.02 kg ai/ ha gave yields higher thangave yields higher than did the untreated check the untreated check and comparable to those of the(Table 7). Quinclorac combined with 2,4-D combination treatments. 

Table 5. Effect of early postemergence (6-8 DAS) application of granular herbicides on yield of irrigated broadcast seededIR64 at 3 Philippine sites, 1987 DS. 

Treatment Rate Yielda (t/ha)
 
(kg ai/ha) 
 IRRI Maligaya Bicol 

Butachlor fb hand weedingb 0.5 3.8 ab 3.6 bcd 4.1 aBensulfuronC 
4.4 aPiperophos - 2,4-D 

0.04 2.9 d 4.0 a0.3-0.2 2.2 cde 4.5 aQuinclorac 3.9 a0.2 2.3 cde 4.2 abIhiobencarb - 2,4-D 4.0 a1.0-0.5 2.4 cd 4.3 abNaproanilide - thiobencarb 3.6 a1.0-0.7 3.0 bc 3.9 abcPretilachlor + fenclorimd 2.8 a0.45 2.1 cde 3.9 abcPendimethalin 3.7 a0.75 1.4 de 3.8 abcButachlor 3.6 a1.0 2.0 cde 3.3 cdUntreated check 
2 .8 a- 1.3 e 3.2 cd 2.0 a
 

CV %) 26 12 29 
aAv of 4 replications/site. bAt 35 DAS. fb = followed by. CWettable powder. dEmulsifiable concentrate. 

Table 6. Effect of ciarly postemergence (6-8 DAS) application of granular herbicides on yield of irrigated broadcast seeded
IR64 at 4 Philippine sites, 1987 WS.
 

Treatment Rate Yielda (t/ha)
 
(kg ai/ha) IRRI 
 Maligaya Bicol Visayas 

Butachlor fb hand weeding 0.5 4.6 a 1.9 a 4.5 aPretilachlor + fenclorimc 4.3 a0.75 3.8 bc 1.7 a 4.7 a 4.0 a
Bensulfurond 
 3.9 abc 1.3 aPiperophos 
0.04 4.4 a 4.4 a- 2,4.D 0.3-0.2 4.2 ab 1.6 a 3.9 bcThiobencarb 3.6 ab- 2,4-D 1.0-0.5 3.9 abe 1.4 a 3.8 cPendirnethalin 3.6 ab0.75 3.9 abc 1.1 a 4.3 abButachlor 2.9 bc1.0 3.4 cd 0.9 a 3.8 cNaproanilide - thiobencarb 3.7 ab1.0-0.7 3.3 cd 1.5 , 4.5 a 2.5 cQuinclorac 0.2 3.8 bc 1.4 a 3.7Untreated check c 2.5 c- 2.8 d 0.7 a 2,5 d 1.9 c

CV %) 12 40 8 20 
ay of 4 replications/site b c dAv f 4repicaion/sie.At 35 OAS. Emulsifiable concentrate. Wettable powder. 

http:4repicaion/sie.At
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Table 7. Effect of herbicide combination and application time on weed control and yield of irrigated broadcast seeded 
IR64.a IRRI, 1987 DS. 

Application Weed weight (g/m2 ) Visual YieldTreatmentYel 

Rate Time Grasses Sedges toxicity (ha) 
(kg ai/ha) (DAS)b ratingc 

Quinclorac + bensulfuron 0.1 + 0.04 6 4 abc 36 ab 1 5.6 a
 
Quinclorac + bensulfuron 0.1 + 0.04 8 0 a 4 a 0 
 5.4 ab
Quinclorac + bensulfuron 0.1 1 0.04 10 0 a 4 a 0 5.4 ab 
Quinclorac + bensulfuroo 0.1 + 0.02 10 2 ab 4 a 0 5.4 ab 
Quinclorac I 2,4-D 0.1 + 0.4 6 0 a 40 ab 4 3.6 c 
Quinclorac + 2,4-D 0.1 + 0.4 8 8 bc 32 ab 3 3.2 c 
Quinclorac + 2,4.D 0.1 + 0.4 10 0 a 28 ab 3 4.2 bc 
Dowco 356-Dowco 433 0.45 6 10 c 84 c 2 1.5 d 
Dowco 356-Dowco 433 0.45 8 4 abc 88 c 2 1.1 d 
Dowco 356-Dowco 433 0.45 10 2 ab 84 c 1 1.5 d 
Butachlor 0.75 3 DBS 2 ab 68 bc 1 3.2 c 
Untreated check  - 26 d 46 ab 0 2.9 c 

aAv of 3 replications. bDAS days after seeding, OBS = days before seeding. CRated 2 wk after herbicide application on a 
scale of 0.10: 0 = no toxicity, 10 = complete kill. 

Table 8. Effect of herbicide combination on weed control and yield of irrigated boadcast seeded IR64. a IRRI, 1987 WS. 

Application Weed weight (g/m2 ) Yield 
Treatment Rate Time Broadleaf Grasses Sedges (t/ha) 

(kg ai/ha) (DAS) weeds 

WL 95481 0.1 6 21 abc 8 a 218 c 0.3 c 
Bensulfuron 0.05 6 0 a 23 ab 26 ab 4.0 a
NC 311 0.02 6 0a 11 ab 11 a 3.5 a
 
Mon 7200 0.12 
 6 37 c 9 ab 139 bc 1.4 bc 
Butachlor 1.0 6 39 c 27 b 149 c 1.2 bc 
WL 95481 + bensulfuron 0.075 + 0.02 6 3 ab 15 ab 71 bc 2.8 a
 
WL 95481 + bensulfuron 0.075 + 0.02 8 0 a 9 ab 11 a 
 3.9 a 
WL 95481 + NC 311 0.075+0.02 6 0 a 20 ab 54 bc 3.0 a
 
WL95481 +NC311 0.075+0.02 8 2a 11 ab 16a 3.8a
 
Mon 7200 + bensulfuron 0.09 + 0.02 6 0 a 32 b 19 ab 
 3.3 a
 
Mon 7200 + bensulfuron 0.09 
 + 0.02 8 0 a 12 ab 13 a 3.2 a 
Untreated check - - 24 bc 12 ab 96 bc 1.8 b 

aAv of 4 replications. 

Rainfed transplanted rice. Most treatments reduced the grass population, and gave higher
satisfactorily controlled Echinochloa spp. but not yields than the untreated check at both application
sedges (Table 9). At both application times, only times. 
NC 311 gave yields higher than that of the Uplnnd rice. Advanced trialsat IRRI and in a 
untreated check. At 8 d after transplanting (DT), it farmervfield. At IRRI, no herbicide controlled 
gave yields comparable to that of the hand-weeded weeds as well as did two hand weedings (Table 1I).
check. SC 0735 was the only herbicide toxic to Among the herbicides, oxadiazon gave the best 
TPR. control and butachlor performed poorest. Thio-

Rainfed broadcast seeded rice. Grain yields were bencarb, dinitramine, and oxyfluorfen performed
low because of water stress during early crop as well as oxadiazon and better than the unweeded 
growth (Table 10). Nevertheless, NC 31 1 gave check. All other herbicides gave control similar to 
excellent control of M. vaginalis, substantially the unweeded check. Only propanil injured rice. 

http:0.075+0.02
http:0.075+0.02
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Table 9. Effect of herbicides on weed control, crop tolerance, and yield of rainfed transplanted IR 64 .a IRRI, 1987 WS. 

Application Weed weight (g/m 21 Visual Yield 

Treatment Rate Time Broadleaf Grasses Sedges toxicity (t/ha) 
(kg ai/ha) (DT)b weeds ratingC 

Hand-weeded check Twice 15 + 30 1 a 14 b 48 a 0 3.2 aNC 311 0.021 8 0a 16 bc 056ab 3.0abNC311 0.021 3 Ga 28 bc 80 bc 0 2.1 bcMon 7200 0.015 8 0 a .42 cdbcd 88 0bc 2.0Mon 7200 0.015 3 0 a 20 bc 158 bc 0 1.6 cdSC 0735 0.035 8 1 a cd52 bcd 104 bc 2 1.4WL95481 0.2 3 la 20 bc. 166 bc 0 1.3 cdWL95481 0.2 8 0a 8a 122 bc 0 1.1 dSC 0735 0.035 3 1 a 78 cd 66 bc 2 1.1 dUntreated check  - 1 a 116 d 92 bc 0 1.1 dButachlor 1.0 3 0 a 4 a 178 c 0 1.0 d 
aAv of 3 replicntions. bOT = days after transplanting. CRated 2 wk after herbicide application on a scale of 0-10: 0 = no
toxicity, 10 = complete kill. 

Table 10. Effect of herbicides on weed control, crop tolerance, and yield of rainfed broadcast seeded IR64.a IRRI, 1987 
WS. 

Application 2Weed weight (g/m ' VisualY
 
Treatment 


Time toxicity YieldRate Broadleaf Grasses Sedges ratingb (t/ha)
(kg ai/ha) (DT) weeds 

NC 311 0.014 10 1 ah 3436 a a 0 1.9 aButachlor 1.0 10 6 abc 70 c 154 bc 1 1.4 bNC 311 0.014 6 1 ab 98 c 82 ab 0 1.3 bSC0735 0.035 10 18 bc 100 c 50a 3 1.1 bcMon 7200 0.15 6 3 abc 34 a 216 bc 2 0.9 bcdUntreated check - - 2 ab 196 c 130 bc 0 0.6 cdeWL 95481 0.1 10 12 bc 2 8 a 228 c 3 0.6 cdeWL 95481 0.1 6 6 abc 58 bc 212 bc 3 0.4 deMon 7200 0.15 10 0 a 56 b 259 c 1 0.4 deSC 0735 0.035 6 30 c 218 c 73 ab 4 0.2 e 

aAv of 3 replications. bRated 2 wk after herbicide application on a scale of 0-10: 0 = no toxicity, 10 = complete kill. 

Table 11. Effect of herbicides on weed weight and crop injury in upland rice IR36. IRRI, 1987 WS. 

Applicationb 
Treatment RCrop injury ratingc 

Weed weightd
Rate Time Crpilr(aig g/m2 I 

(kg ai/ha) 

Hand-weeded twice - 15 and 35 DE 0 8 aOxadiazon 1.0 3 DAS 0 333 bOxyfluorfen 0.36 3 DAS 0 356 bDinitramine 1.5 3 DAS 0 388 bcThiobencarb 3.0 3 DAS 0 398 bcPendimethalin 2.0 3 DAS 0 515 bcdPropanil 2.0 10 DE 3 532 bcdButralin 2.0 3 DAS 0 619 bcdButachlor 2.0 3 DAS 0 673 cdUnweeded check 
aA 00 723 dbc 

Av of 4 replications. DAS = days after seeding, DE = days after emergence of rice and weeds. c0-10 rating scale, where 0= no iniury, 10 = complete kill. Recorded about 7 d after herbicide application. dWeeds were sampled at 58 DE. Majorweeds were Rottboellia cochinchinensis, Amaranthus spinosus, Echinochloa colona, Eleusine indica, and Ipomoea triloba. 
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Hand-weeded plots yielded 1.8 t/ha. All Pendimethalin and fluazifop-butyl were applied
herbicide-treated plots gave zero yields, attributed alone or combined with bentazon, 2,4-D, and one 
to profuse growth of uncontrolled weeds. hand weeding. Hand-weeded and untreated checks 

In Batangas, all herbicides significantly reduced were included. 
grasses and, excepL for pendimethalin, broadleaf Pendimethalin, singly or in combination, ef
weeds (Table 12). Butachlor, oxadiazon, and fectively controlled the grasses R. cochinchinensis,
oxyfluorfen gave outstanding control of sedges. E. colona, and E indica and the broadleaf weeds T 
The herbicides, except for dinitramine, pendi- portulaca-trumn and A. sfinosus. It gave yields
methalin, and propanil, gave significantly higher comparable to those of the hand-weeded check 
yields than the untreated control. Propanil-treated (Table 13). Fluazifop-butyl controlled the grasses
plots gave zero yield because of heavy weed but not the broadleaf weeds. A follow-up applica
resurgence. tion of either bentazon or 2,4-D on fluazifop-butyl-

Herbicide combination. A trial at IRRI e)ra- treated plots decreased the broadleaf weed stand 
mined the performance of herbicides and their but increased the grass weed stand. Consequently,
combinations in controlling weeds in upland rice. all fluazifop-butyl treatments, ex:cept one hand 

Table 1Z. Effect of herbicides applied before weed emergence (1 DAS) on weed control and yield of upland IR36 in a 
farmer's field.a Batangas, Philippines, 1987 WS. 

Weed weight b (g/m2 )
Treatment Rate Yield

(kg ai/ha) Broadleaf GrEsses Sedges tha) 
weedsc 

Oxyfluorfen 0.37 60 ab 44 a 2 a 2.7 a
Thiobenca, b 3.0 60 ab 92 a 11 a 2.6 aHand-weeded check - 22 a 10 a 20 a 2.5 aButralin 2.0 272 cd 48 a 15 a 2.4 aButachlor 2.0 49 ab 174 ab 0 a 2.3 aOxadiazon 1.0 77 ab 95 a 0 a 2.2 aDinitramine 1.5 273 cd 66 a 38 a 1.3 bPendimethalin 2.0 364 de 19 a 37 a 1.2 bPropanilg 2.0 156 bc 260 b 37a 0 cUntreated check - 468 e 533 c 55 a 0 c a • b c. 
-Av of 3 replications. Sampled at 55 DE. Commelina beng alensis, Ageratum conyzoides, and Comme//na d"ffusa.E. co/ona, Eleusne mdca, R. cochinch/nensis, and Dactyloctenium aegyptium. eCyperus iria and C. compressu. VAt 15 
and 41 DE. gApplied at 10 DE. 

Table 13. Effect of herbicide combinations on weed control and grain yield of UPLRi.5.a IRRI, 1187 WS. 

Applicationb Weed welghtC (g/m 2 ) Grain
 
Treatment 
 Rate Time Broadlenf Grassese yield 

(kg ai/ha) weedsd t/ha) 

Pendimethalin 2.0 PE 69 ab 55 a 1.7 abPendimethalin fb bentaznn 2.0 fb 2.0 PE fb 20 DE 14 a 41 a 1.4 bPendiniethalin fb 2,4.D 2.0 fb 0.8 PE fb 20 DE 6 a 41 a 1.8 abPendimethalin fb hand weeding 2.0 PE fb 30 DE 1 a 2 a 2.3 aFluazifop-butyl 0.08 12 DE 602 d 144 ab 0 cFluazifop-butyl fb bentazon 0.08 fb 2.0 12 DE fb 20 DE 183 bc 337 cd 0.1 cFluazifop-butyl fb 2,4-D 0.08 fb 0.8 12 DE fb 20 DE 4 a 377 d 0.3 cFluazifop-butyl fb hand weeding 0.08 12 DE fb 30 DE 4 a 26 a 1.8 ab
Hand-weeded check 
 - 15 and 30 DE 1 a 50a 2.0 aUntreated check - 325 c 558 d 0 c 

aAv of 4 replications. bPE = preemergence, DE = days after emergence, fb = followed by. CSampled at 56 DE. dA. spinosus
and Trianthema portulacastrt'm. eR. cochinchinensis, Echinochloa colona, and Eleusine indica. 
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weeded, gave yields as low as did the untreated 
control. 

Application rate and tining of*/luazi/obp-buiYl. 
In collaboration with the Agronomy Department 
of the University of the Philippines at Los Bafios, 
we determined rice and weed response to different 
herbicide doses. Fluazifop-butyl was applied at 
0.01, 0.05, 0.10, and 0.25 kg/ ha to l R58 and at 0.01, 
0.05, 0.10, 0.25, and 0.50 kg/ ha to 3grass weeds--
E. colona, R. cochinchinensis, and E. indica-at 
pretillering and early tillering. Another experiment 
determined the effect of application rate and timing 
of fluazifop-butyl ,;! 0.01 and 0.05 kg/ha on rice 
and at the same 5 rates on weeds at 4 growth stages. 

At 7 d fter fluazifop-butyl application, ric,. 
plants treat'd at pretillering at the 3 highest 
herbicidc rates had 60% or more injury; those 
treated at the 2 highest rates did not recover (Table 
14). When fluazifop-butyl was sprayed at , :,'y
tillering, rice had 46%/ or more injury at tn.- 3 

highest rates. Injury increased to more than 60% at 
2wk after treatment. 

Shoot fresh weights showed that plants treated 
with fluazifop-butyl at 0.01 kg/ha at pretillering
and those at 0.0; and 0.05 kgi ha at early tillering
rcco' ered fully (Table 14). Except inplants treated 
at predllering, root fresh weights were not reduced 
with later applications. Inhibited apical shoot 
growth may have stimulated tillering with 0.05 and 
0.10 kg/ ha at both application times. 

Time ofapplication produced injury ratings and 
shoot and root fresh weights that showed trends 
similar to those of the dose-response study 
(Table 14). Application at 21 to 28 d after 
emergence (DE) showed negligible differences in 
shoot and root fresh weights. Probably because of 
damaged apical meristems, increased tillering was 
observed tt 0.05 kg/ha applied at or later than 14 
DE. 

Application at 0.25 and 0.50 kg/ha completely 

Table 14. Injury, fresh weight, and tiller production of IR58 seedlings treated with fluazifop.butyl.a IRRI, 1987 DS. 

Growth stage Rate Injury ratingb(kg ai/ha) 7 DAT 14 DAT 

Dose responsePretillering (7 DE) 0 0 0 
0.01 39 10 
0.05 60 35 
0.10 62 60 
0.25 84 90 

Early tillering (14 DE) 0 0 0 
0.01 25 13 
0.05 46 33 
0.10 21 
0.25 77 

LSO (0.05) 

Pretillering (7 DE) 0 0 
0.01 45 
0.05 95 

Early tillering (14 DE) 0 0 
0.01 38 
0.05 76 

Tillering (21 DE) 0 0 
0.01 19 
0.05 39 

Late tillering (28 DE) 0 0 
0.01 10 
0.05 23 

LSD (0.05) 

65 
73 

Time of application
0 
3 

55 

0 
5 

23 

0 
0 

15 

0 
0 
3 

aAv of 3 replications. bRating scale: 0 = as untreated, 100 dead plant. DAT = 

Fresh weight c (g/plant) TillersShoot Root (no./20 plants) 

6.5 3.5 23 
8.1 4.6 23 
2.3 1.5 41 
2.0 1.6 37 
0.4 0.5 25 

7.6 3.5 21 
5.2 2.3 27 
5.4 3.6 41 
2.0 2.7 27 
1.1 1.1 23 
2.6 2.6 5 

26 30 36 
23 20 39 
16 11 36 
35 21 24 
32 20 25 
24 16 37 
41 21 32 
45 21 34 
38 19 50 
40 20 28 
38 19 22 
35 19 37 
6 4 8 

days after treatment. CTaken at 30 DAT. 



controlled R. cochinchinensis regardless of applica-
tion time (Table 15). Lower application rates did 
not adequately control R. cochinchinensis even at 
the earlier growth stages. 


At pretillering, all rates except the lowest 
one 

completely controlled E. colona. Only the higher 

rates applied at 14-21 DE provided adequate 

control. At 28 DE, E. colona was tolerant of all 

rates except one. Eleusine indica was more 

susceptible to fluazifop-butyl than were the two 

other weeds. At 0.10 kg/ha or higher, all plants 

were completely controlled at all growth stages.

Even herbicide applied at 0.01 kg/ ha at pretillering
and early tillering gave excellentcontrol (90-100%).
Application at later than 14 DE required higher 
rates (0.05-0.10 kg/ha). 

E. indica was consistently more susceptible to 
quazifop-buty! at all application times than were E. 
colonaand R. cochinchinensis. E.colona was more 

Table 15. Injury and shoot fresh weights of 3 grass weeds 
agrowth stages. IRRI, 1987 WS. 

Rottboellia cochinchinensis 
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susceptible than R. cochinchinensis to early
applications of fluazifop-butyl but was m6re 
tolerant of later applications. 

Dry seeded rice. In 1986 WS in Guimba, 
Philippines, all herbicide treatments except thio
bencarb, butachlor, and the sequential butachlor 
application reduced weed growth at 30 DE (Table 
16). An additional hand weeding was done at 40 
DE because of the high weed infestation and the 
short-lived herbicide effect. At 60 DE, weed weights
in all treatments ,vere significantly different from 
those in the unweeded plots. 

Grain yields were significantly higher in the 
herbicide-treated plots than in the untreated check. 
The yield from the plot with propanil 2kg ai/ha at 
10 and 29 DE was significantly higher than that 
from the hand-weeded check. Other treatment 
yields were comparable to that of the hand-weedea 
check. 

at 30 d after treatment w;th 5 rates of fluazifop-butyl at 4 

Echinochloa colona Eleusine indica 

Tim, Rate Injury Shoot Injury Shoot Injury Shoot 
(kg ai/ha) ratingb fresh weight ratingb fresh weight ratingb fresh weight

(g/plant) (g/plant) (g/plant) 

Pretillering (7 DE) 0 0 5.23 0 4.25 0 5.92 
0.01 0 5.37 0 5.35 93 2.94 
0.05 55 0.34 100  100 
0.10 63 0.13 100 - 100 
0.25 93 0.06 100  100 
0.50 100  100 - 100 -


Early tillering (14 DE) 
 0 0 3.80 0 5.80 0 2.73
0.01 7 2.95 0 0.99 93 0.73
0.05 17 1.27 77 0.54 92 0.72 
0.10 47 0.17 100 - 100 0.25 88 0.14 93 0.83 100 
0.50 97 0.14 100  100 -


Tillering (21 DE) 
 0 0 10.08 0 5.68 0 8.82
0.01 13 4.39 0 7.95 0 4.77
0.05 45 1.75 0 4.69 100 
0.10 62 0.74 63 2.06 100 
0.25 87 0.79 100  100 
0.50 100 - 100  100 -


Late tillering (28 DE) 0 
 0 9.42 0 13.68 0 6.570.01 28 4.07 0 10.02 0 6.83
0.05 43 2.23 0 10.00 28 5.030.10 88 1.32 10 12.20 100 
0.25 90 0.66 15 7.96 100 
0.50 98 0.94 68 5.44 100 -

LSD (0.05) 2.29 2.43 1.55 

aAv of 3 replications. bRating scale: 0 = as untreated, 100 = dead plant. Taken at 30 d after treatment. 

http:0.05-0.10
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Table 16. Effect of herbicides on weed weight and yield of dry seeded rice.a Guimba, Nueva Ecija, Philippines, 1986 WS. 

Application Weed weight (g/m2 ) GrainTreatment 
yield

Rate Time 30 DE 60 DE (t/ha)
(kg ai/ha) 

Propanil fb propanil 2 fb 2 10 fb 29 DE 24.7 ab 55.6 a 4.8 aPropanil + thiobencarb 2 + 1 10 DE 11.3 a 45.7 a 4.7 abPendimethalin fb propanil 2 fb 3 PE fb 17 DE 6.8 a 47.1 a 4.6 abcThiobencarb fb hand weeding 3 PE fb 40 DE 174.0 cd 67.6 a 4.5 abcdButachlor fb butachlor + propanil 1 fb 1 + 2 PE fb 10 DE 36.9 ab 70.4 a 4.5 abcdPropanil 3 10 DE 24.4 ab 76.6 a 4.2 abcdOxadiazon + thiobencarb 0.25 + 1.5 PE fb 40 DE 76.0 ab 36.0 a 4.2 abcd 
fb hand weeding

Butachlor fb butachlor 1 fb 1 PE fb 6 DE 225.4 d 31.2 a 4.2 abcd 
fb hand weeding

Butachlor fb hand weeding 2 PE fb 40 DE 181.1 cd 27.7 a 4.2 abcdHand weeding three-times - 15, 30, 40 DE 46.9 ab 70.5 a 4.1 bcdPendimethalin fb hand weeding 2 PE fb 40 DE 106.9 bc 78.3 a 4.0 cdButachlor fb propanil 1.5 fb 2.0 PE fb 10 DE 31.9 ab 96.4 a 3.9 aNo weeding 248.7 d 353.0 b 1.7 e 
aDE = days after emergence, PE = preemergence. 

Propanil applied sequentially again performed other treatments was not satisfactory. SC 0735 was 
well in 1987 when weed growth was greater than in toxic to rice. 
1986 (Table 17). Other treatments that controlled 
weeds and yielded as well as the hand-weeded 
check v.ere butachior followed by (fb) hand 
weeding, pendimethalin fb propanil, and quin- In an experiment at IRR! and in Guimba, Nueva
clorac + propanil 2 kg ai/ha. Weed control with Ecija, doubling the seed rate in the seedling 

Table 17. Effect of herbicide treatments on weed weight and yield of dry seeded rice. Guimba, Nueva Ecija, Philippines,
1987 WS. 

Application Weed weight GrainTreatment (g/m1 ) yield
Rate (kg ai/ha) Time at 40 DE t/ha) 

Weeded checka - 136.5 a 4.0 aButachlor fb hand weed,.ig 2 PE fb 23 DE 119.6 a 3.7 aPendimethalin fb propanil 1.5 fb 2.0 PE fb 23 DE 194.1 ab 3.6 aPropanil fb propanil 2.0 fb 2.0 8 fb 23 DE 218.6 ab 3.2 abQuinclorac + propanil 0.5 + 2.0 8 DE 231.5 abc 2.4 abc
Butachlor fb butachlor + propanil 1 fb 1 + 2 
 PE fb 23 DE 255.7 a-d 1.9 LcdQuinclorac + thiobencarb 0.5 + 1.5 8 DE 302.2 a-d 1.8 b-fQuinclorac + propanil 0.5 + 1.5 8 DE 297.4 a-d 1.5 c-fQuinclorac + pendimethalin 0.5 + 1.5 8 DE 337.1 bcd 1.4 c-fQuinclorac 0.5 8 DE 282.7 ad 1.3 c-fQuinclorac + butachlor 0.5 + 1.5 8 DE 278.3 a-d 1.3 c-fPropanil + thiobencarb 2.0 + 1.0 8 DE 287.9 a-d 1.2 c-fPropanil 3 8 DE 351.2 bcd 0.9 c-fOxadiazon + thiobencarb 0.25 + 1.5 PE 361.9 bcd 0.4 d-fSC 0735 0.035 8 DE 343.9 bcd 0.4 d-fQuinclorac 0.375 8 DE 367.9 bcd 0.4 d-fSC 0735 0.07 8 DE 416.0 cd 0.2 d-fNo weeding - 425.6 cd 0.1 fSC 0735 0.140 8 DE 438.6 d 0.02 f 
a Hoe weeding at 8 DE fb hand weeding at 20 and 30 DE. 

http:weed,.ig
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Table 18. Effect of weed control treatments on weed seedling numbers in rice seedling nursery. IRRI and Guimba, NuevaEcija, Philippines, 1987 DS. 

Weeds (no.)/bundle of rice seedlings fromApplication 0.25-rr1 nursery
Treatment 

Rate (kg ai/ha) Timea IRRI Guimba 

Field 1 Field 2 Field 1 Field 2(turod) 
(lungog) 

Weedy check -
 - 64 c 78 e 77 e 95 fQuick separation (removing tallest - - 30 b 52 d 53 d 70 eseedlings from rice seedling bundles)
Slow separation (examining every 
 - 3 a 7 ab 5 a 4 a
plant carefully)

Double, 'ed rate - - 23 b 35 cd 73 e 50 dPropanil 2.5 10 DAS 4 a 12 ab 25 c 24 bcThiobencarb 0.75 6 DAS 3 a 3 a 16 bc 21 abcButachlor 0.45 3 DBS 5 a 24 abc 11 ab 22 abcPretilachlor + fenclorim 0.3 3 DAS 11 a 28 bc 11 ab 21 abcQuinclorac 0.3 3 DAS 3 a 9 ab 6 a 16 boBensulfuron 0.03 3 DAS 4 a 22 abc 21 c 36 cdQuinclorac + bensulfuron 0.2 + 0.02 3 DAS 2 a 7 ab 5 a 15 ab 

ODAS = days after seeding, DBS - days befo-c seeding. 

nursery--a practice some farmers use-reduced furon, propanil, and butachlor. In Guimba,weed density by 60% at IRRI and by 26% in quinclorac + bensulfuron, quinclorac, butachlor,Guimba (Table 18). Removing the tallest seedlings and pretilachlor + fenclorim were most effective.from the rice seedling bundles before transplanting The cost of treating a440-M 2seedling nursery(quick separation) rcmoved only 36% of the weed the area required to plant I ha--was US$0.70 orseedlings at both sites and required the equivalent less. Using th,, double seed rate or removing theof 25 h/ha. Slow separation, examining every plant large seedlings from the seedling bundles gave lesscarefully, removed 94% of the weed seedlings and than 50% control of the weeds, yet cost 5-10 timestook 719 h/ha. This is impractical because it is as much as the most expensive herbicide treatment.laborious, time-consuming, and expensive. Herbicides appear practical for controlling weedsAt IRRI, good weed control was obtained with in rice seedling nurseries. 
thiobencarb, quinclorac, quinclorac -+ bensul-

COMPETITIVE EFFECT AND CONTROL OFTable 19. Effect of Echinochloa glabrescens infestation TRANSPLANTED ECHINOCHLOA GLABRESCENS INon weed weight at 90 DT and on rice grain yield. IRRI, TRANSPLANTED RICE 
1986 WS. 
Echinochloaglabrescens Weed Grain Seedlings of Echinochloa spp. are often trans-Yield planted into the field with rice seedlings because 
infestation weight yield loss they are morphologically similar. When E.%) (g/m) (t/ha) M glabrescens was transplanted with rice, yield losses 

0 0a 5.4 a - ranged from 7% when 5% of the rice hills were5 60 b 5.0 ab 7 infested with the weed, to 87% when 50% were10 134 c 4.7 b 13 infested (Table 19). At 90 DT, there was a highly15 177 d 4.1 c 24 significant negative correlation between rice grain20 216 e 3.3 d 39
25 264 f 3.0 d 
 44 yield and weed weight ( Y = 5.769 - 1.098X, r30 318 g 2.4 e 56 -0.97"*).40 378 h 1.6 f 70 All herbicides tested reduced transplanted E.50 435 i 0.7 g 87 glabrescens dry weight significantly compared with 
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the weedy check (Fig. 1).Quinclorac was the most 
effective herbicide, killing all 10-d-old seedlings of 
E.glabrescensand ieducing the dry weight of 15-d-
old seedlings by991" and that of 20-d-old seedlings 
by 90%. Yields with quinclorac treatment were as 
good as those from the weed-free check, but yields
from all other treatments were significantly lower, 
There was a highly significant negative correlation 
between grain yield and weed weight ( Y= 2.801 -
0.717X, r-- -0.88**). 

CUITURAI CONIROL M-1HOI), 

Effect of tillage, cultivar, and planting method, 
Research on the long-term effects of tillage level 
(c, ventional, minimum, ,nd zero), rice cultivar 
(IR42, IR64, and IR29723--143-3-2-1), and planting 
method (transplanting and direct seeding) on weed 
shift continued in 1987 DS (27th crop) and WS 
(28th crop). Conventional tillage was one plowing 

Rice groin yield and weed dry w, It/ha) 
5 r-

Groin yield I 
LSD (005)

Weed weight f 

e~ 


PO 

R W R W R W R W R W R W R 

,Eo 8Z -,r 
° 
 00: o ' o ID-' ,- o 

and two harrowings, minimum tillage was one 
plowing and one harrowing, and zero tillage was 
cutting and removing weed debris. 

In the 27th crop, tillage level affected only the 
Scirpus maritini;sstand (Fig. 2). Minimum tillage 
gave significantly less S. maritimus biomass than 
the two other tillage treatments and higher grain 
yield than the zero tillage treatment. IR29723-143
3-2-1, which best suppressed growth of al' weed 
types, yielded significantly higher than did IR42 
and 1R64. IR42 controlled Pasypalumn distichum 
and annual weeds better and gave yields higher
than did IR64. Compared with transplanting,
direct seeding reduced P. distichum and annual 
weeds and gave higher grain yield. 

In the 28th crop, tillage level did not change 
weed stands (Fig. 3). However, conventional and 
minimum tillage gave markedly higher yields than 
did zero tillage. IR64 suppressed S. maritimus 
better but yielded lower than did 1R42 and 

Weed seedling age
20d 
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I. Eflect of age oftransplanted h/iino hloa hflabre.censand weed control treatments on weed dry weight at 60 d after transplanting(DT) and on rice grain yield, IRRI. 1986 WS. R = rice, W = weed, + = tank-mixed herbicides, - = proprietary mixture. Figures in
parentheses indicate application rate in kg ai ha. 

0 
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1R29723-143-3-2-1. Direct seeded rice yielded lower Effect of flooding time. The effect of flooding
than TPR because poor stand establishment led to time (0,2, 4, 6, and 8 DAS) on weed control and 
heavy P.distichum and annual weed infestation, yield of broadcast seeded IR64 was studied in DS. 

Weed biomoss (g/m2) 
500 

, po./unm, ,Schun 
:;.::: ,."rounmoihnu$ 

400 Annual weeds(Monochorio vogl'/isCypdru$d'forms, 
Fimbrliry/s ml/iceo, Ec/nochloo spp , Sp/Ienoc/le 
zya/cAco, an.' Ludw1i'o oCio/vois) 
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3-2-1 

--- I ---- Planting method. 

2. Weed biomass and grain yield in the 27th crop as affected by tillage, cltivar, and planting method, IRRI, 1987 DS. Within a 
parameter, e.g., tillage, and within awccd type or within grain yield, items withla conmon letter are not significantly different at the 5% 
leiel by D)MRT. 
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Flooding at seeding time (0 DAS) reduced both 
weeds and the crop (Table 20). The best time to 
irrigate for effective weed control, ideal crop 
establishment, and high grain yield was 4 DAS. 

Effect of mulching. Experiments at IRRI and in 
Batangas evaluated the effect of mulching and 
hand weeding time (15, 20, and 25 DE) on weed 
control and upland rice yield using cultivar 
UPLRi-5. Weeds removed were used as mulch. 

At both sites, all treatments significantly reduced 
weeds. Grain yield in treated plots was higher than 
that :n the unweeded check, but lower than that in 
the hand-weeded check (two weedings) (Table 21). 
Overall, mulching did not improve weed control. 
it IRRI, delaying weeding from 15 to 25 DE 
significantly decreased weed weight in mulched 
plots and increased grain yield. No effect of 

Table 20. Effect of flooding time on weed control, crop 
stand, end yicid of broadcast seeded 1R64. IRRI, 1987 
DS. 

Flooding Weed countb Rice Panicle Grain 
time (no./m) countc count yield
(d) at 30 DAS (no./m) (no./m) (t/ha) 

0 221 a 50 b 156 c 1.2 b 
2 323 ab 100 b 230 bc 3.0 ab 
4 336 ab 153 a 405 a 4.3 a 
6 412 b 181 a 363 ab 3.8 a
8 375 ab 165 a 287 abc 4.1 ;1 

Av of 4 replications. Weeds were Scirpus maritirr ..

Echinochloa spp., Cyperus difformis, snd Mono,h*,;a
vaginalis. CAt 15 DAS. 

weeding time was observed in Batangas. The 
differences in weed control and grain yield between 
sites are attributed to differing competitiveness of 
dominant weeds. A. spinosus and R. cochin
chinensis at IRRI appeared more competitive and 
persistent than C. benghalensis and E. colona in 
Batangas. 

APPLICATION TECHNIQUES 

Effect of sprayer type on herbicide performance. A 
greenhouse experimcnt evaluated the effect of 
sprayer type - the controlled drop applicators 
Micronherbi and Birky and the conventional 
knapsack sprayer - on fluazifop-butyl and 
propanil control of R. cochinchinensis. Three rates 
for each herbicide were used. 

Sprayer type did not affect the shoot freshweight and shoot dry weight of the weed. 

Averaged over 3 sprayers, iluazifop-butyl at the 
highest rate of 0.10 kg/ ha gave the best control 
(Table 22). Propanil at 2.0 kg/iia ard fluazifop
butyl at 0.05 kg/ ha also produced low shoot fresh
weights. In shoot dry weights, fluazifop-butyl at 

any rate did as well as propanil at the highest rate. 
Postemergence herbicide application with con

trolled dropapplicators. In a field infested with the 

sedge S. marilimus, the herbicides 2,4-D, bensul
furon, propanil, and fluazifop-butyl were applied 
at their recommended rates using Birky, Micron
herbi, and conventional knapsack sprayers. 

Table 21. Effect of mulching and time of hand wending oasweed control and grain yield of upland rice UPLRI-5 at IRRI and
in a farmer's field in Batangas Province, Philippine,, 1987 WS. 

IRRIa Batangasb 
Weeding

Treatment time Weed weight Yield Weed weight Yield 
(DE) (g/ml) (t/ha) (g/ml) (t/ha) 

at 75 DE at 75 DE 

With mulch 15 419 d 0.6 c 198 b 2.5 b
20 236abc 1.0 bc 219 b 2.3 b 
25 207 ab 1.3 b 120ab 2.8 b 

Without mulch 15 298 bc 0.9 bc 195 b 2.8 b
20 340 cd 1.0 bc 149ab 3.1 b 
25 293 bc 0.7 c 108 ab 2.1 b 

Hand-weeded check 15 fb 30 151 a 2.2 a 47 a 4.2 aUnweded check - 1054 e 0 d 1275 c 0 
aAv of 4 replicatiog... Major weeds were A. spinosus, R. cochinchinensis, T. portulacastrum, and E. colona bAv of 3 repli
cations. Major weeds were Commelina benghalensis, E. colona, E. indica, and A. conyzoide. 

c 
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Table 22. Effect of propanil and fluazifog-butyl applied Table 23. Effect of sprayer type and herbicide on dryat 3 rates using different sprayer types on shoot fresh and weight of S maritimus in irrigated broadcast seededdry weights of R. cochinchinensisa IRRI greenhouse, IR64.a IRRI, 1987 DS.
 
1987 WS.
 

= )Dry weight of S. mdritimusb (g/mApplication Shoot Shoot Herbicide -Herbicideb rate fresh weightc dry weightc Micronherbi Birky Conventional
(kg ai/ha) (g/plant) (g/plant) 

Bensulfuron 54 [1.74]Propanil 0.5 23 [1.38] 55 [1.75]0.61 c 0.15 be 2,4-D 65 [1.82] 67 (1.83] 62 [1.80]1.0 0.51 c 0.10 c Propanil 320 [2.51] 378 [2.58] 345 [2.5412.0 0.20 ab 0.09 ab Fluazifop-butyl 431 [2.54] 559 [2.75] 294 [2.47]Fluazifop-butyl 0.025 0.28 b 0.10 abc LSD (0.05) [0.26]
0.05 0.21 ab 0.10 abc LSD__0,05)_=__0.26]
 
0.10 0.11 a 0.06 a aAv of 3 replications. Values inside the brackets are log

Mean 0.32 0.11 (x+l) transformed values of actual means. To compare 
a of 3 replications propanil was sprayed 12 d after between 2 means in a column or in a row, use the trinsweed emergence and fluazifop-butyl at 13 d. CWeed was formed values against the LSD (0.05) value given in thesampled at about 17 d after spraying. table. bWeed sampled at 50 d after seeding. 

2,4-D and bensulfuron controlled S. maritimus 2)Weed wt lg/m Groinyield (t/h)

better than did propanil and fluazifop-butyl, 500 50
 
regardless of sprayer used (Table 23). With 2,4-D C 
and propanil, the dry weights of S. maritimus did
 
not significantly differ among sprayers. Bensul- 400 - 4o
 
furon-methyl performed better applied by the c V
 
Birky than by the Micronherbi o the conventional
 
knapsack sprayer. Fluazifop-butyi, however, gave 
 300 3o 
lower sedge dry weight with the conventional
 
sprayer than with either the Micronh( rbi or the
 
Birky.


Sprayer type did not affect grain yield or total 2.0200 
weed weight, but herbicide did. Bensulfuron gave

the highest grain yield and the lowest total weed 
 c
 
weight (Fig. 4). 100 

Effect of butachlor application method on . 
irrigated wet seeded rice. Undiluted butachlor at 
I kg ai/ha, poured directly into standing water in 
the field or into irrigation water entering the field, 0 . 
had no detrimental effect on rice plant height. All -

application methods (pouring on I side, 2sides, 4 a. 0 ,sides, in 4corners, or in irrigation water) controlled 2 . 
weeds and resulted in satisfactory yields. ,C 

N 

INTEGRATED WEED MANAGEMENT 4. Weed weight and grain yield of irrigated broadcast seededIR64 as affected by herbicide, IRRI, 1987 DS. For each 
parameter, bars with the sameEffect of seedbed preparation on herbicide per- diflerent at the 5%level by DMRT.

letter are not significantly 

formanc!. We evaluated butachlor, piperophos -
2,4-D, and thiobencarb- 2,4-D control of weeds in
broadcast seeded IR64 using two seedbed prepara- Weed control was similar in leveled and untions: leveled and unleveled. Leveling was done leveled seedbeds (Table 24). However, crop estabwith a shovel pr or to seeding. lishment (rice count) on leveled plots was con

http:LSD__0,05)_=__0.26
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Table 24. Effect of seedbed preparation and herbicide application at 6 DAS on weed control, crop stand, and yield of irri
gated broadcast seeded IR64.a IRRI, 1987 DS. 

Weeds Rice plants GrainHerbicide Seedbed preparation (no./m) (no./m = ) yield 

Butachlor (1.0 kg ai/ha) Leveled 
Unleveled 

Piperophos - 2,4-D (0.3 - 0.2 kg ai/ha) Leveled 
Unleveled 

Thiobencarb - 2,4-D (1.0 - 0.5 kg ai/ha) Leveled 
Unleveled 

Untreated check -

aAv of 4 replications. 

sistently better than on unleveled plots, as were 
yields. Yields from the unleveled plots were not 
significantly better than that of the untreated 
control. 

Nitrogen management and weed control in 
rainfed transplanted rice. Nas urea at 80 kg N/ha 
was applied to 1R64 at different times and 
proportions. Weed control treatments were super-
imposed on N treatments, 

N application and weed control did not affect 
tillercount, plant height, or leaf area index of 1R64. 
N management did not affect total weed weight,
probably because weed growt ,, minimal. Weed 
weight was lowest in hand-s, .d plots and 
highest in untreated plots, 

Both N management and weed control inter-
acted to affect grain yield. In hand-weeded plots, 

at 30 DAS at 15 DAS (t/ha) 

122 a 144 ab 4.2 a 
151 a 
172 a 

98 b 
127 b 

3.0 ab 
4.0 a 

108 a 82 b 1.5 c 
57 a 205 a 4.1 a 
83 a 83 b 2.2 bc 

407 b 95 b 2.0 bc 

3-split application of equal N amounts gave the 
highest grain yield of 3.2 t/ ha (Table 25). 

When weeds were not controlled, the highest 
grain yield of 2.2 t/ha was similar to yields 
obtained with other N treatments, except for the 
low yield where all the N was topdressed at 7 
DBPI. 

Grain yields were higher in hand-weeded plots 
than in untreated checks, often significantly so 
(Fig. 5). 

Wet seeded rice. Wet seeded rice (WSR) was 
sown in rows using a drum-type seeder developed
by the Agricultural Engineering Department. This 
facilitated hand weeding and in~terrow cultivation 
using a cono weeder. Nevertheless, yield losses 
were substantial because the cono weeder failed to 
control weeds within the rows, ard hand weeding 

Table 25. Grain yield of rainfed transplanted IR64 as affected by N management and weed control. a IRRI, 1987 WS. 

N treatmentb 

2/3 N basal incorporated + 1/3 N at 7 DBPI 
1/2 N at 20 ;T + 1/2 N at early booting 
1/2Nat20DT+ 1/2Nat7DBPl 
1/3 N at 20 DI + 2/3 N at 7 DBPI 
1/3 N basal incorporated + 1/3 N at 20 DT 

+ 1/3 N at 7 DBPI 
1/4 N basal incorporated + 1/4 N topdressed 

at 20 DT + 1/2 N at 7 DBPI 
All N at 7 DBPI 

Weed control mean 

Butachlor 

1.8 b 
2.3 ab 
1.5 b 
2.5 a 
2.2 ab 

2.2 ab 

2.2 ab 

2.1 

,v of 3 replications. bDI3p = days before panicle initiation, DT 
applied preemergence to weeds at 4 DT. Crop was hand-weeded twice 

Grain yieldc (t/ha) 

Hand-weeded twice 

2.4 ab 
2.1 b 
2.2 b 
2.5 ab 
3.2 a 

2.2 b 

2.4 ab 

2.4 

Untreated N mean 

1.8 ab 2.0 
1.5 ab 2.0 
1.5ab 1.7 
2.2 a 2.4 
1.5 ab 2.3 

2.2 a 2.2 

1.2 b 1.9 

1.7 

= d after transplanting. CButachlor at 1.5 kg/ha was 
- 15 and 30 DT. 



MANAGEMENT OF RICE 13ESTS 279 

Grain yield (t/ha) 
4.0 

7 Butachlor 

Hand weeded twice a 
3.0 Untreated 

3.0 

a 
a a b 

1.02.0
 

00 

2/3881, 1/2at20DT, 1/2at20DT, 1/3at2ODT, 1/3Bal, 1/4a8a1, Allapplied
1/3 at 7DBPI 1/2 at early 1/2 at7 DBPI 2/3 at 7 DBPI 1/3 at 20 DT, 1/4 at 20 DT, at 7 DBPI 

booting 1/3 at 7 D8Pl 1/2 at7DBPj 

N treatment 
5. (ira in .ield of rainhed transplanted IR64 as,,allected by N management and weed control, IRRI, 1987 WS. At each Nmanagement le%el. hat s ha\ ing a cornmon letter are not sign ilica nly diflerent at tie 5l level by I)M RT. B&I =broadcast and
incorporatcd. I)II'I = l helre panicle initiation. I = days fter transplanting. 

removed some of the rice (Table 26). In most cases, RICE-WEE 1 COMETITION
 
the highest yields were obtained when herbicides
 
were combined with hand weeding or the cono Upland rice. A trial in a farmer's field in Batangas
weeder (interrow cultivation), compared the competitive ability of grass, sedge,

Dey seeded rice. All treatments reduced weeds and broadleaf weeds interspecifically and with
and permitted significant yield increases compared upland rices 1R36 and UPLRi-5. A pure stand of
with the unweeded check (Table 27). The highest each weed type was maintained to. represent
returns to weed control were obtained when individual treatments, which were compared with
pendimethalin or butachlor applied preemergence unweeded and weed-free checks. 
was combined with hoe weeding at 30 DE and Table 28 shows the summed dominance ratio
hand weeding at 45 i)E. and height of major weeds. L.cooa was the tallest

All treatments gave acceptable marginal benefit- and the most dominant among the grasses and 
cost ratics, the highest when pendimethalin applied unweeded treatments. Among the broadleaf weeds, 
preemergence was combined with a hoe weeding at C. /'enghahkntsiv was the most competitive, and
30 DE. However, weed control for all treatments lmlw,ia octovalvis the least competitive. But in 
was costly more expensive than would be ac- the unweeded plots, the grasses and the only sedge,
ceptable to Philippine rice farmers. C. iria, dominated the broadleaves. 
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Table 26. Effect of weed control practices on weed weight 
and grain yield of wet seeded rice. Guimba, Nueja Ecija, 
Philippines, 1987 WS. 


Treatmenta Weed weight1 ) Grain yield
(g/m (t/ha) 

Pretilachlor + fenclorim 4.8 a 4.4 a 
(0.15) and HW, 3 and 
21 DAS
 

Bensulfuron + quinclorac 41.7 abc 4.2 ab 

(0.02 + 0.20), 6 DAS 

Butachlor (0.30) and cono 49.2 abc 4.0 abc 

weeder, 3 DES and
 
21 DAS 


Butachlor (0.30) and HW, 22.2 abc 4.0 abc 
3 DBS and 21 DAS 

Butachlor (0.60), 3 DBS 105.7 bcd 3.8 abc 
Bensulfuron (0.01) and 30.8 abc 3.7 abc 

cono weeder, 3and 
21 DAS 

Piperophos-2,4-D (0.25) 12.4 ab 3.7 abc 
and HW, 6 and 21 DAS 

Cono weeder + HW 14.1 abc 3.6 a-d 
15 and 30 DAS 

Bensulfuron (0.01) and 10.1 ab 3.5 a-d 
HW, 3 and 21 DAS 

Pretilachlor + fenclorim 105.9 bcd 3.4 a-e 
(0.30), 3 DAS 

Quinclorac (0.15) and 9.0 ab 3.4 a-e 
HW, 3 and 21 DAS 

Pretilachlor + fenclorim 24.0 abc 3.4 a-e 
(0.15), and cono 
weeder, 3 and 21 DAS 

Bensulfuron + quinclorac 9.7 ab 3.3 a-g 
(0.01 + 0.1) and HW, 
6 and 21 DAS 

Bensulfuron + quinclorac 34.9 abc 3.2 b-h 
(0.01 + 0.1) and cono 
weeder, 6 and 21 DAS 

HW, 15 and 30 DAS 16.8 abc 3.2 b-h 
Cono weeder, 15 and 44.3 abc 3.1 c-i 

30 DAS 
Quirclorac (0.15) arJ 46.9 abc 2.9 c-i 

cono weeder, 6 and 
21 DAS 

Thiobencarb (0.3) and 24.0 abc 2.9 c-i 
cono weeder, 6 and 
21 DAS 

Piperophos-2,4-D (0.25) 70.4 a-d 2.5 d-1 
and cono weeder, 
6 and 21 DAS 

Piperophos-2,4-D (0.5), 211.8 ef 2.4 e-i 
6 DAS 

Thiobencarb (0.6), 6 DAS 156.1 de 2.3 f-i 
Bensulfuron (0.02), 143.9 de 2.3 f-i 

3 DAS 
No weeding check 283.7 f 2.2 hi 
Quinclorac (0.3),6 DAS 109.7 cd 2.1 i 

Regardless of cultivar, weed density was in the 
order grasses > broadleaves > sedges; grain yield 
was in the reverse order, sedges '> broadleavcs > 
grasses (Table 29). UIPLRi-5 plots had lower weed
biomass and yielded better than IR36. Yield 

reductions due to sedges, broad'eaf weeds, and 
grasses were 78, 85, and 100%, respectively, with 
IR36, and 54, 68, and 83%, respectively, with 

U PLRi-5. The superior competitiveness of 
UPLRi-5 over lR36 can be attributed to UPLRi
5's greater height, and its higher grain yield to its 

higher spikelet number (Table 30). 
Lowland rice. Salvinia nol'sta. S. molesia, 

introduced into the Philippines around 1979, is
 

hindering rice establishment in irrigated areas of 
Iloilo, Capiz, and Aklan Provinces on Panay 
I 
Island. 

We tested the effect of time and duration of S. 
molesta competition on rice. S. mol'sta infestation 

at 3, 7, and 14 DAS reduced the stand of WSR at 
21 DAS by 54-70%. At harvest, even though S. 
iol'slacompetition had reduced tiller numbers as 

high as 22%, yield was not affected. Stand reduc
tion usually promoted longer panicles and more 
filled grains per panicle. 

Pistia stratiotes. Similar results were obtained 
with P. stratiotes, common in some irrigated rice 
areas in the Philippines. When the weed was 

introduced into the field at 3 DAS, it reduced 
stands of WSR by 27-69%. Weed cover ranged
from 10 to 100%. However, grain yields were 

maintained because surviving plants produced 
more tillers. 

Lowland weed species. A trial in 1987 DS 

determined the effect of weed density on TPR. 
Yield losses ranged from 0 to 24% with competition 
from 5 weeds/im2 , and from 28 to 73% with 80 

weeds/m 2 (Table 31). Average yield in the weed
free check was 4.0 t/ ha. Weed competition reduced 
tillers/hill, grain weight/ panicle, and panicle length 

inaddition to grain yield.
 

ECOPHYSIOLOGY OF WEEI)S 

Research sought to establish the competitive 
relationship between rice and weeds and their 

aFigures in parentheses are application rates in kg ai/ha. adaptation mechanisms to changing light environ-
HW = hand weeding, DAS = days after seeding, DBS ment. In field studies under upland conditions in 
days before seeding. 
 1987 WS,IR43 at 100 kg seed/ha was grown in 
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Table 27. Effect of weed control treatments on grain yield, weed weight, and returns to weed control in dry seeded rice. 
Cuimba, Nueva Ecija, Philippines, 1987 WS. 

Weed Grain Co.t b ($/ha) Gross Return to Marginal 

rreatmenta 	 weight yield income weed benefit-cost
(g/m ) (t/ha) Labor Herbicide Total ($/ha)et 40 DE 	 control($/ha) ratio 

Pendimethalin (1.32) fb hoe fb 14.8 a 4.6 a 128.F0 50.00 178.50 742.40 563.90 4.2 
HW, PE fb 30 fb 45 DE 

Butachlor (1.5) fb hoe fb HW, 18.5 a 4.6 a 151.20 26.25 177.45 740.80 563.35 4.2 
PE fb 30 fb 45 DE 

Hoe weeding 15, 30, anti 45 DE 21.6 a 4.3 a 194.50 - 194.50 688.00 491,50 3.5 
HW 15, 30, and 45 DE 20.6 a 4.2 a 290.90 - 290.90 667.20 376.30 2.3 
Pendimethalin (1.32) fb 133.4 a 3.6 b 21.20 50.00 71.20 567.00 495.90 8.0 

hoe, PE fb 30 DE 
Hoe 15 and 30 DE 89.6 a 3.0 c 111.30 - 111.30 486.40 375.10 4.4 
Hoe + HW + butachlor 189.2 a 2.6 cd 121.30 26.25 147.55 408.00 260.45 2.8 

(1.5), 15 DE 
Hoe + HW + pondimethalir. 234.9 a 2.5 cd 100.20 50.00 150.20 404.00 254.60 2.7 

(1.32), 15 DE 
Butachlor (1.5) fb hoe, 200.2 a 2.2 d 30.10 26.25 56.35 344.00 287.65 6.1 

PE fb 30 DE 
Unweeded check 613.9 a 0 e - - - - - 

aFigures in parentheses are application rates in kg ai/ha. DE = days after emergence, fb = followed by, hoe = hoe weeding, 
HW = hand weeding, PE = preemergence. b Labor = $1/d, burachlor = $10,50/liter, pendimethnlin = $12.50/liter. 

Table 28. Summed dominance ratio and height of major Table 29. Biomssses of weed types and their effect on up. 
weedsa Batengas, Philippines, 1987. land rice yield.a Batangas, Philippines, 1987. 

Summed dominance ratiob Biomassb (g/m 2 ) Yie'd (t/ha) 
Heightc Treatment 

Sedge Grass Broad- Un- (cm) IR36 UPLRi-5 IR36 UPLR;-5 
leaf weeded 

weeds Weed free 0 a 0 a 2.7 a 3.5 a 
Sedges 154a 124a 0.6 b 1.6 b 

Cyperus iria 100 - - 29 122 Broadleaf weeds 414 b 189 a 0.4 bc 1.1 c 
Echinochloa - 61 - 31 147 Grasses 902 c 525 b 0 c 0.6 d 
colona Unweeded 951 c 760 c 0 c 0 e 

Eleusine - 39 - 21 132 Mean 484 a 320 a 0.7 b 1.4 aindicaab 
Commelina - - 49 8 85 Av of 3 replications. bSampled at 45 DE. 

benghalensis 
Ageratum - - 21 3 66 

conyzoides Table 30. Plant characters of IR36 and UPLRi-5 under 
Commelina - - 15 7 100 weed competition.a Batangas, Philippines, 1987. 

diffusa 
Ludwigbaooval - - 6 0 76 	 Tiller Panicle Spikelet

Cultivar (cm) count countHcmh count 
Othersd - - 9 2 - (no./m' ) (no./m') (no./panicle) 

aAv of 3 replications and 2 rice cultivars. bTaken at 45 IR36 70 b 307 a 110a 51 b 
DE. CTaken at flowering stage of the weed. dBorreria UPLRi-5 113 a 252 a 109a 101 a 
ocymoides, Synedrella nodiflora, and Portulaca oleracea aAv of 3 replications and 5 weed type treatments. bAt 

tiowering stage. CAt 45 DE. 

replacement series with R. cochinchinensis and
 
(Iperus rotundus, E. colona and C. rotundus,and depended on the weed mixture and weed density.
 
R. cochinchinetsis and E. co/ona. Nutrients and IR43 was dominant over E. colona in the R. 
moisture 	were not limiting. cochinchinensis-E,colonamixture but subordinate 

The rice competitive relationship with the weeds in the E.colona-C rotundus mixture. Dominance 
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Table 3,. Effect of weed densities on yield loss in transplanted rice. IRRI, i87 DS. 

Weed Yield loss (%)from
density

(no.) Fimbristylis Ludwigia Monochoria Echinochloa 
miliacea octovalvis vaginalis colona 

5 3 0 0 810 13 5 0 1320 9 21 20 3040 16 21 22 3580 28 35 50 50 

E. crus-galli 
ssp. hispidula 

24 
32 
53 
50 
71 

E. glabrescens 

13 
27 
42 
54 
73 

was in the order o1" R. cociichinensis> E. co/ona 
> IR43 > C.rotundus (Fig. 6, 7, 8). Substituting 
the dominant wecd R. cochinchinensis for the less 
competitive weed C.rotundus (Fig. 6) increased 
pressure on rice. R. cochinchinensis reduced IR43
yields by 100%, E. colona by 84%, and C.rotundus 
by 27%. 

At 53 DAS, the light transmission ratio (LTR) at 
50 cm within the canopy was 2.8% for R. 
cochinchinensis, 26% for E. coloma,and 98.7% for 

C rotund.s. Weed competition redlOd rice tiller 
number, increased shoot N conce.,;tion, and
nonsignificantly increased leaf area ratio (21%)
(Table 32, 33, 34). N content in shoots correlated 
linearly with LTR (Fig. 9). Rice, therefore, adapted 
to partial shading by having high leaf N content,
which increased its photosynthetic rates at low 
light intensity. 

Summed dominance ratio (%) 

100 

80
80R 
 conchnchnenst 


oroh 

Rce
40 

C otundus 

25 50 75 1chinenss 

100 75 50 25 0 Crolundus 
Weed proportion/m2 

6. Dorninance-subordination relationship of rice with varying
proportions of ()'perus rotwunhs and Rothoellia 'ochin-
chinensis. IRRI. 1987 WS. 

Summed dominance ratio %)
80o 

60 

4oi
 

20 Cround, 

"--.-..
0 0 

100 
25 
75 

50 
50 

75 
25 

100E.colono 
0 Crolundus 

Weed proportion/m 2 

7.Dominance-subordination relationship of rice with varying 
proportions of Echinochha cohma and C.rotumdus. IRRI,
1987 ws. 

Summed dominance ratio %) 
80 

60 - chncJnensisa 


20 
 E 
 cOni
 

25 50 75 1 t chrnensis100 75 50 25 0 E colona 
Weed proportion/m 2 

8. Dominance-subordination relationship of rice with varyingproportions of R. cchinlhinensi.sand E.colona. IRR1, 1987 

POPULATION DYNAMICS OF ECHINOCHLOA 

COLONA AND ROTTBOELLIA COCHINCHINENSIS 

A population dynamics model of a weed providesinformation on the rate of weed populationincrease or decrease in the absence or presence of a 
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Table 32. Corn etitive effect of varying proportions of R. cochinchinensis and C. rotundus on growth and yield of IR 43 .a 
IRRI, 1987 WVS. 

IR43 
Weed proportion (no./rr 2) R. cochinchinensis C rutundus 

Grain fillers Leaf area LTRb at 50 cm height (cm) height (cm)
R. cochinchinensis C. rorundus yield (no./plant) ratio canopy at 53 DAS at 53 DAS 

(t/ha) at 53 DAS (dml/g) at (%) 
53 DAS 

100 0 0.0 c 3.5 bc 2.8 a 2.6 b 153 a 
75 25 0.0 c 3.0 br 2.4a 17.5 b 134 b 38a 
50 50 0.0 c 2.5 c 2.4a 21.7 b 129 b 41a 
25 75 0.0 c 4.2 bc 3.4 a 22.4 b 123 b 39 a 
0 75 2.0 b 6.4 ab 23 a 98.7 a - 33 a 

Weed-free 2.7 a 8.1 a 2.2 a 96.0 a 

aAv of 4 replications, bLight transmission ratio. 

Table 33. Competitivc effect of vurying proportiuns of R. cochiachinensis and E. colora on growth and yield of IR4 3 .a 
IRRI, 1987 WS. 

Weed proportion (no./m 2 ) 
IR43 

F. cochinchinensis E. colona 
Grain Tillers Height (cm) Leaf area LTR at height (cm! height (cm)

i. cochinchinensis E. colona 	 yield (no./plant) at 53 DAS ratio 60 DAS at 53 DAS at 53 DAS 
(t/ha) -it 53 DAS (din2 /g) (06) 

100 0 0.0 b 5.-1 bc 55 4.3 a 2.8 c 150a 74a
75 25 0.0 b 3.7 c 53 4.0 a 4.6 c 147 a 68 a
50 5U 0.0 b 4.7 bc 59 4.1E 3.8 c 134a 83a 
25 75 0.0 b 5.5 bc 59 4.1 a 4.1 c 133 a 83 a 
0 100 0.1 b 6.9 b 55 2.7 a 26.0 b - 69 a 

Weed-free 2.7 a 10.3 a 50 1.9 a 92.1 a -

aAv of 4 replications.
 

Table 34. Competitive effect of varying proportions of E. colona and C rotundus on growth and yield of IR43 .a IRRI,
 
1987 WS.
 
Weed proportion (no./m') 
 IR43 	 E. colona C. rotundus 

- height (cm) height (cm)
E. 	colona C. rotund!us Grain Height (cm) Leaf area LTR at at 55 DAS at 55 DAS 

yield a, 55 DAS ratio 60 DAS 
(t/ha) (drn'/g) (%) 

100 0 0.8 d 47 a 3.5 a 59 a 69 a 
75 25 1.0 cd 48 a 3.2-3 57a 75a 45a 
50 50 1.0 cd 44a 3.2a 75a 6lab 422a 
25 75 1.5 bc 43a 2.9a 80a 49 b 42a 
0 100 2.0 b 41a 3.3a 84a - 40a 

Weed-free 2.7 a 37 a 3.4 a 87 a 

aAv of 4 replications. 

control rme.asure. This technique can determinc the 1987 WS, examined the effect of the presence of 
weed control levei necessary to contain or eradicate rice cultivars IR43 and UPLRi-5 seeded at 100 and 
the weed. During 1987 WS, E. colona and R. 200 kg seed/ha on the growth of E. colona, R. 
cochi'nchvensis were studied in separate experi- cochinchinensis, and C. rotundus. 
ments without rice. An upland experiment, also in E. colona and R. cochinchinensis had low seed 
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9. Relationship between li ht transmission ratio and N con 
centration in rice shoots 75 d after sowing. IRRI, 1987 WS. 

g 

Mature adults 

si=0.973 

Immature adutis 

Fi-12610 01=0.794 

Seedings 

gi-0.0584 

So~jds 

10. Lifecycleol E. coona.F, =adult fecundity. Probabilityofa
seed surviving to produce seed = gi • si - ei = 561. 

Table 35. Growth and 

germination and high seedling mortality (Fig. 10, 
11). Both species were susceptible to intraspecific 
density stress, as shown by the number of seedproduced per plant (fecundity), tiller number per
plant, plant height, and wee] biomass (Table 35).The presence of rice did not affect weed seedlings 
emerging with it but did reduce the number of later 
emerging weed seedlings (Table .36). 

population dynamics models shown in10 and 11 represeat one life cycle without a 

seed bank. E. colona population increased at the 
rate of 561 mature plants and R. cochinchinensisat43. A complete version of this model, consideringthe seed bank and number of life cycles per year
under weed control practices, is being developed to 
determine the economic level of control that will 
eradicate these weeds. 

Mature adults 

sl-0.957 

Immature adults 

P1=-570 ei-0.537 

Seedings 

gi-0.146 

~cds;o 

1. Life cycle of R. cochinchinensis. F, adult= fecundity.
Probability of a seed'surviving to produce seed = gi. si. ei =43. 

seed production of E colona and R, cochinchinensis as affected by intraspecific competilion aIRRI, 1987 WS. 

Density E. colona R. Lichinchinensis 
(plants/m) Tillers Height (cm) Biomass Seeds Tillers Height (cm)(no./plant) Seedsat 30 DE (g/m2 ) (no./plant) (no./plant) at 33 DE (no./plant)at 30 DE 

at 30 DE 
1 36.1a 20 c 119 b 9 9,971a 13.0a50 22.5 57a 1,535ab 36 b

100 824a 12,287 a 9.4 a 60a 62621.5 b 43 e 1,2 00 a b12,933 a 5.5 a 59 a 515 b 
aAv of 4 replications. 
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Table 36. Effect of IR43 and UPLRi-5 at 2 seeding rates on the growth of R. cochinchinensis, E. colona, and C. rotundusa 
IRRI, 1987 WS. 

R. cochinchinensis 	 E. colona C. rotundu6 
Cultivar Density 	 Seedlings Seedlings Biomass Height Height Biomass Stand Height

(no./m) (no//m2 ) at harvest (cm) at (cm) at (t/ha) count (cm) 
at 7 DAS at 35 DAS (t/ha) 60 DAS 60 DAS at harvest (no./cm) at 35 

at 35 DAS DAS 
IR43 100 43a 8 b 14a 167a 70a 8a 182ab 45abc 
IR43 200 25a 3 ' 13a 164a 67a 7a 108 L 45abc 
UPLRi-5 100 28a 6 t 14a 	 163a 68a 8a 156ab 51a
UPLRi-5 200 33 a 5 b 12 a 163 ; 70 a 7 a 101 b 39 bc 
None None 31 a 29a 1 A a 173a 66a 9a 265a 34 c 
aAv of 4 replications. 

Table 37. Competith'c ,ffectiveac;s of IR43 and UPLRi-5 with R. cochi.,.hinensis, E. colona, and C. rotundus,and of the 
weeds with rice, under upland conditions at 60 DAS.a IRRI, 1987 WS. 

Density Reduction %)in rice due to weedCultivar (kg/ha) R. cochinchi,,nsis E. co!onab C. rotundus
_______b 

IR43 100 74 50 66 
IR43 20,) 28 46 26 
UPLRi-5 100 79 53 42 
UPLRi-5 200 47 45 28 
aAv of 4 replications, bAt harvest. 

Table 38. Effect of R. cochinchinensis, E. colona, and C. rotundus on growtii and yield of IH43 and UPLRi.5 at 2 seeding 
rates, a IRRI, 1987 WS. 

With R. cochinchinensis With E. cxlon'a 
Seeding 

Cultivar rate Weed control Grain Height 
(kg/ha) yield (cm) 

)t/ha) at 55 DA 
IR43 100 Weedy 0.0 b 52 b 
IR43 200 Weedy 0.0 b 61 ab 
UPLRi-5 100 Weedy 0.0 b 74 ab 
UPLRi-5 200 Weedy 0.0 b 79 a 
IR43 100 Weed.free 2.6 a 65 ab 
IR43 200 Weed-free 2.9 a 68 ab 
UPLRi-5 100 Weed.free 2.7 a 77 a 
UPLRi-5 200 Weed-free 2.8 a 7 ' a 
aAv of 4 replications. 

The competitive effectiveness of rice with weeds 
at 60 DAS varied from 49 to 86%: that of weeds 
with riCt from 26 to 79% (Table 37). At harvest, 
however, rice did not affect E. colo,;a and R. 
cochichinensis biomass (Table 36). Density in-
creased the competitive ability of rice by 12% more 
than did the cultivar. 

LTR was reduced by 7.8% with 200 kg seed/ha, 
though not significantly, as compared with 100 kg 
seed/ ha. No difference in LTR was observed 
between cultivars. Rice density and cultivar did not 
affect grain yield (Table 38). 

R. cochinct'nensis E. colonab C. rotundus 

59 11 72 
6S 17 74 
49 6 73 
68 18 86 

Reduction (%) in weed due to rice 

Gr-,in Grain 
yield yield 
(t/ha) (t/ha) 
0.7 b 2.1 b 
0.2 b 2.1 b 
0.3 b 2.4 ab 
0.6 b 2.4 ab 
2.3 a 2.1? a 
2.3 a 2.5 ab 
2.2 a 2.6 ab 
2.4 a 2.5 ab 

With C. rorundus 

Height Light 
(cm) transmission 

at 55 DAS ratio 
55 d 31.4 a 
69 bcd 27.4 a 
78 ab 37.9 a 
82 ab 27.4 a 
57 cd 36.4 a 
71 tc 26.2 a 
68 bcd 37.0 a 
86 a 30.4 a 

GROWTH BEHAVIOR OF A 2.4-1)-RESISTANT WEED 

To evaluate differential tolerance of Sphenochlea 
:e*lanica strains tc 2,4-D, their germination, 
growth behavior, and leaf morphology were 
compared in a collaborative experiment with the 
National Crop Protection Center and the Univer
sity of the Philippines at Los Bafios Agronomy 
Department. See the section on Cooperative 
Country projects. 
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[FTEPM INANTS OF RAINWATER STORAGEI AN D 
USE ON RAINFEI) RICE FARMS 

Water Management Department 

Storage of rainwater in farm reservoirs (FRs) for 
supplemental irrigation of wet season (WS) rice 
and for dry season (DS) crop production is 
economically attractive in the rainfed areas of 
Central Luzon, Philippines. FR users can increase 
cropping intensity on their farms and raise fish in 
the reservoirs to increase their incomes. Previousv,
studies identified problems that need systematic
research to make the technology sustainable and 
widely adoptable (Annual report for 1986). 

The specific objectives pursued in the research 
reported here were 1)to establish a methodology 
for water balance analysis for FRs, 2) to identify 
the factors that most affect rainwater collection 
efficiency at each site, and 3) to identify specific 
management practices that will improve water 
productivity. The study was conducted at five FR 
sites selected to represent the diversity of physical 
and hydrologic conditions of reservoirs in Tarlac 
Province, Central Luzon, Philippines. Their major 
characteristics are shown in Table 1. 

For each reservoir a 1:250 or 1:100 scale map was 
produced from survey data, showing elevation 
contours at 10-cm intervals to allow reservoir 
depth-area and depth-volume analyses. The catch-
ment area for runoff contribution to the reservoirs 
was determined, and the areas that could receive 

reservoir water for irrigation by gravity flow and by
pumping were delineated by using information 
from the parcellary map and topographic survey of 
the farm. The reservoir water depths, rainfall, and 
open pan evaporation rate were recorded daily. 

Water balance procedure. Water flowing into 
and out of the FR is shown schematically in 
Figure I. The reservoir water balance equation is 

Change in storage = inflow - outflow 
Thus, QS=(QD+QR+QA+QG)-(QL+QO+QE+Q1) 

where: QS = change in storage, 

QD = direct rainfall into reservoir,
 
QR = runoff into reservoir,
 
QA = input from artesian well (if any),
 
QG = input from groundwater or interflow,
 
QL combined seepage and percolation losses,
 
QO water loss by overflow,
 
QE evaporation loss, and
 

=Q1 irrigation (including land preparation) use. 
QG, QL, and QO cannot be measured directly; 
they were est?.nated or calculated from conditions 
described in I 'ble 2. 

Reservoir inflows and outflows. A summary of 
the component inflows and outflows during 1987 is 
given in Table 3. 

Reservoiritiflows. Direct rainfall contributed an 
average 44% of the total input to the 4 reservoirs 
that were dependent on direct rainfall and runoff 
only. Significant contributions to the reservoirs 
were made by rainstorms of greater than 50 mm 

Table 1. Physical and hydrologic characteristics of 5 selected farm reservoir sitesa in Central Luzon, Philippines, 1987. 

Item 	 Magday Valdez Ruz E. Tolenada A. Tolenada 

Catchment area (ha) 	 5.8 2.6 0.8 2.0 4.4 
Service area (ha)


Wet season (1987) 0.75 
 2.08 0.87 0.55Dry season (1988) 0.25 1.10 	
0.62 

0.26 0 .46 b 0.36
Catchment 	 area: service area 

Wet season (1987) 7.73 1.25 0.92 3.60 7.10Dry season (1988) 23.2 2.36 3.10 4.35 12.2Slope of service area 1%) 4.6 5.0 1.6 2.8 2.5Rescrvoir area, including dam (m) 3,600 4,100 1,400 1,900 50U
 
Maximum reservoir storage


volume (m3 ) 2,872 
 3,997 1,016 1,139 287Maximum reservoir depth (m) 1.7 2.1 1.8 1.6 1.0Average reservoir depth (m) 1.1 1.3 1.1 0.9-i 0.76
Maximum 	 reservoir depth: 

average reservoir depth 1.6 1.6 1.6 1.7 1.3Storage ratioc 8.0 4.2 2.8 1.8 6.1 

aAll were built using a bulldozer except A. Tolenada's, which employed carabaos. b1987 DS area; no crop was grown in1988 DS. CRatio between maximum storage volume and volume of earthwork r eeded for reservoir construction. 
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Direct rainfall
 
Surface storage Runoff
 

Eviporotion 

_--,-W%
Infiltration -	 Irrigation and overflow 

I PercolationI 	 :::::::::::::::::::::::r_ _ 

Catchment 	 Reservoir L Service area( 
1. Schematic representation of reservoir inflows and oatflows. Ce'tral Luzon, Philippines, 1987. 

Table 2. Truth table for calculation of reservoir inflows depth irrespective of catchment size (Fig. 2). The A. 
and outflows.a IRRI, 1987. Tolenada reservoir was maintained at a relatively 

Rainfall Runoff Overflow constant volume by inflow from the artesian well 
0 0 0 Calculate seepage and throughout the year 

percolation (S&P) loss Runoff flows depend upon antecedent rainfall, 
0 0 1 Estimate S&P rainfall intensity and duration, catchment area, soil 

Calculate from late type, land use, and slope. Measured runoff flowrunoff data or 
artesian well data and rainfall relationships were determined for 2 

b
1 0 Estimate S&P sites with contrasting catchment characteristics: 
Calculate late runoff one (Magday) with grassed soil and slopes between 
volume 2 and 7%, and the other (Vaidez) with terraced rice 

1b 
 1 	 Estimate S&P plots and slope varying between 2 and 5%. For the 
Estimate runoff fiom Magday farm, the maxim-um runoff coefficient 
previous data 
Calculate overflow (RC) measured during the season was 0.25 for a 

1 0 0 	 Calculate direct rain- rainfall intensity of about 50 mm. Higher runoff 
fall input occurred during storms of more than 60 mm, but 
Calculate S&P no measure of runoff could be made because the 

1 0 1 	 Estimate S&P reservoir overflowed. Threshold rainfall-the mini-
Calculate direct rain. mum rainfall that causes runoff-was between 4.5 
fall input 
Calculate overflow and 40 mm. Low thresholds were observed when a 
volume rainstorm closely followed a previous one.

1 1 0 	 Estimate S&P In the 	second catchment (Valdez), RC values 
Calculate direct varied between 0 and 0.7 and were highly depen
rainfall input 
Calculate runoff dent on antecedent rainfall due to high surface 
volume storage in the rice plots. RC values of up to 0.7 with 

1 1 1 	 Estimate S&P rainfall depths as low as 20 mm reflect low 
Calculate direct infiltration rates into the puddled rice soils in the 
rainfall input 
Estimate runoff from catchment area or a nearly full surface storage 
previous data condition maintained in the rice plots there. 
Calculate overflow Runoff volume contributed 35-62% of the total 
volume 	 inflow in the 4 reservoirs that did not receive any 

=
aI =present, 0 absent.bLate runoff can occur up to 2 d artesian flow (Table 3); the average contribution 
after a heavy rain because of slow release of surface was 53%. 
storage through seepage. Groundwater or interflow is 
assumed to be zero. Any contributions will decrease the Reservoir outflows.Water use for land prepara
calculated value of S&P, tion and crop irrigation accounted for about 50% 
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Table 3. Components of reservoir inflow-outflow. Tdrlac, Philippines, January-September 1987. 
Component Magday Valdez Ruz E. Tolenada A. Tolenada 
Inflows (%) 

aArtesian or external -	  -1 1	 44 b 

RunotfC 62 	 61 35 56 32Direct rainfall 38 39 54 44 24 
Total 100 100 100 100 100Total inflow (in3 ) 5490 6950 1460 1610 1320 

Outflows (%

Irrigation and land preparation 48 
 53 18 21 52Evaporation 31 26 24 35 29Seepage and percolation 20 	 21 58 44 19 

Total 100 100 1003	 100 100Trtal outflow (m ) 3940 3770 960 800 1270 
3Change in storaged (m ) 1550 	 3180 500 810 50 

a 1 6 0 m' of waterwas channeled to the reservoir 	 3from tubewells on a neighboring farm. b590 m
3 	

from artesian wells waschanneled to the reservoir, and a further 600 m was diverted past the reservoir. The diversion volume in not included inthe irrigation volume. CDoes include runoff 	 wasnot that diverted past the reservoir or that contributed to overflow.dDifference between storage at the end of September and that at the start of data collection in January. Data collection 
for the Ruz reservoir did not begin until June. 

of total water outflow fh)m 3of the reservoirs. The at all sites, accounting for 24-35% (av 29(7 ) of the
other 2 used about 2011 of the total outflow for this total water outflow in each reset .oir. Average 
purpose (Table 3). Evaporation losses were similar evaporation loss rates were 4.6 min/d in DS and 3.1 

am/ d in W,. For calculating these values, we used 
pan coefficients of 0.77 for DS and 0.83 for WS, asReservor volume ( 

3 
) recommended by FAO for open water bodies less

00 |]. voaez than 5 in deep. 

3000-	 Combined seepage and percolation (S&P) lossesaccounted for 20-589i (av 32q) of' water outflow 

volume from tile reservoirs, with daily losses 
Mogdoy varying between 1.6 and 6.5 am. 

2000 
The Ruz reservoir,

whih was constructed in May 1986, had the highest 
S&P losses. The A. Tolenada reservoir, tie only

1000o one that had the dam wall compacted duringconstruction, had the lowest S&P losses (Table 3). 
Practices that improve farm reservoir producti

0 - vity. Any practice that leads to increased water 
1000 storage, or a reduction in the water requirement of. . E TolenodaKuthe DS crop, Will enhance thL productivity of a

0Lz--- -A rcserxoir. Tlhe farner can inprove water collection 
- (wisl

o0 ,,l -'-''€''-ijIficiency 	 e by proper mlanagement of the catchiment 
Rainfall (reod) area and can conserve more water in the reservoir 

by taking specific measures to enhance wvater100 retention and improve the reservoir's functions. 
hil. llhe TJ farmier can increase 	thle produICtix'itV of water0. 	 I I in l)S with improved on-f'arm1 practices. GoodJon Feb Mar Ap Moy Jun Jul At Sep Oct Nov Dec 	 malagenent practices currently used b, some 

hi anine nt raieseor aclieI usera tdv sme 
2. I)ail\ reservoir storage volume at 5 sites. Tarlac, Central l'1nelS hl tie reservoir, cachlielt area, an "i
I.u/on. Ihilippincs. 1987. to meet these objectives are as follows: 
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(Cathinewarea 	 0 Animal manure, when applied directly to the 
0 	 l)uring the early part of WS there is a possible water in the reservoir, increases fish produc

conflict of interest between I) filling the tion and helps seal the reservoir floor. 
reservoir as early as possible to plant part of 'ervicearea 
the lowe' area to )S crops, and 2) conserving 0 The fields to be planted to the )S crop using 
water in the catchment area itself to use for reservoir water should not be drained before 
WS crop establishment. Since most of the WS rice harvest to conserve water for DS land 
catchment area is not topographicallV suitable preparation and crop use. 
for I)S cropping with reservoir water, pre- 0 Turnaround time between WS and DS crops 
ference is given to early establishment of the should be as short as possible to utilize 
WS crop in the area below the reservoil. residual soil moisture and reduce the time the 

* 	When the crop in the catchment area is nearly I)S crop must be supported with reservoir 
ready for harvest, the bunds arC cut to allow water. 
field drainage. The cuts are maintained to 0 Partial irrigation of a crop of DS lowland rice 
ensurc maximum runoff to the reservoir is the most common use of stored water. On 
during late WS rains, sloping land, irrigation water is applied in 

Reservoir 	 alternate plots to maximize the use of seepage 
0 	When the rcscrvoir is full, runoff flows are water from higher to lower plots. 

diverted past it rather than through it to 0 Farmers in Padapada. Tarlac, have been 
minimize siltation and the loss of nutrients successfully cultivating other crops such as 
used for fish production. eggplant, tomato, mungbean, and watermelon 

* 	 :fficicnt hlow of runoff into the reservoi during DS. These crops are normally hand
requires an adCquatC inlet structure. Two o, watered, but one enterprising farmer planted 
the reservoirs studied did not fill tIp in 1987 rice and mungbean in alternate fields to utilize 
because their inlet structures were too small, the seepage water from the ricefields. 
and most of the runoff was di\ertcd past the 0 The f'requency of DS rice irrigation is about 
reservoir before it had filled. A 30-cm-wide cut once a week to once every 2 wk for rice when 
Inthe buind of the adjacent riceficid was large water is plentiftl . If reservoir storage is too 
enough to keep a 4,000-m 3 reservoir at full low for irrigation at this frequency, the water 
storage. is saved and applied between the flowering 

0 	Compactinu the reservoir embankments and grain filling stages of the crop. 
during construction by driving the hulldozer 
up them ma kes them more resistant to 
slumping and erosion. Grass will protect the WAI R \IANA(iI:MFNI I-OR tilHUl FARM 
embankment from erosion caused by rainfall. 'ROI)it CII' IY INC(OAI A.1 IRRI(IATI-) AREAS 

* Tree crops are olteni planted at the bases o Ii 'ater .llanait'ntni I)e,)ar,,etit 
do\%nstlcai cnl).anklent s to help stlpport 
the cnhlbaiiknent aid rducc evalporation ('oastal saline areas arc increasingly being (level
losses l'oi the rcscrx ir by acting as i oped with irrigation facilitics for rice production. A 
\\indbreCk. MorC importantly. the\' furnish precondition to niaintain the productivity of saline 
extri income. I-sh production in the rcscrvoir areas is preventing soil sciinization by applying 
can be potitable. \\[lile not conflicting with adequaLt, good qiality irrigation water and 
the use of the stored \/ater for growing crops. protecting it from frequent drying and from flood

* ('araiao cause napor damageLIt reservoir ing by seawater. 
eianknients, but trampling and wallo\\ing In the Bicol River basin in C(amarines Sur, 
help seal the rescr\toir floor. Ideally, the Philippines, where coastal salinity has been a large 
rcsCr\iirshould be fenced off and the animnals problem. the Inarihan River Irrigation System 
led in and out at only oinc point. (IR IS) supplies irrigation water diverted from the 
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ri er to about 1.400 ha belonging to more than 1,100 Yield (t/ha)
farm families for gro%%ing 2 rice crops a year. 8
Inadeqlate ir-igation water deliverie2s to 30-40"1 of 'f 
the service area allow salinht levels to rise and 
redunc ricc yield as,ssel as rarm income (Annual 
report for 1986). A joiInt stud v with th o:National 
Irrigation Ad ministration (NI A) in 1986-87 evalua-
ted tile eflects of sa lIiiitv on the productivity of the 
watc-short, sall I itv-prone ftmis and tlie impact of 
introducing improved irrigation \witer allocationdis trib u tio n to those l ri1 .0ditibtonttoe ams 

Farm water status :nd rice yield relationship. 
\WatCr st.Iatts\\as ImeasurLted inI terms of depth olthe 
perched \\ater table belo\% tile soil surface \when 
there was no standing water in 84 plots (listributed 
bl\een saline f'Irnls (those whose root /one soils 
\were lou nd to have an electrical condUntivity
higher than 4.0 dS in) and nontsaline farms. The 
\\atcr table depth \ast1MIeas red in ati observation 
\\ell consistmin of a 100-erti-long, 2-ern-diameter 
poly\in.ls chloride tube. \ itIi bottom 80 cm per-
foratcd for eas, '\ater ilomelert, installed to 
80 cm depth from tile soil surface, 
The deeper the perched water table inside the 

tube. the Iore severe k.as the \\ater deficit oil the 
farm. lo\c\cr, tile duration over which the water 
table remained below the surface also contributed 
to the se\eritv of the water deficit or stress on the 
plant. These two factors were combined by using
them in the followin cqunation to determine what 
\%as ICricid the water deficit index (WDI), defined 
as 

n /e.du )34(' 
Wt- 2 

il
tEffects 
where de = maximum depth of water table 
below ground surface, 
(hi = number of days water table remained 
belowground surface in one water deficit period, 
n = number of water deficit periods during a 
season. 
Regression analyses werc made separately or 

the saline aid nonsaline farms for 1986 )Satid 1987 
1)s (1Fig. 3). The subset of lie sample used for this 
analysis consists of those farms \%hosc rice yields 
\were not affected by other problems such as insect 
infestation or Zn dcficictic\. 

'Fle results clearl\ show that watcr stress ismuch 
More detrimental t( rice crop., in Saline than in 
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index (W ald rice3.Water deficit 'I)I) yield relationships. 
Inriian River Irrigation Sysem (IRIS),Camarines Sur, 
P'hilippines, 1986 and 1997 DS. 

nonsaline (normal) soils. For example, itWDI of 
200 caused about 0.5 t ha yield reduction in 
nonsaline soil, but the reduction was about 3 times 
more in saline soil. The higher yield loss in saline
soil was the accentuated effect on the plant of soil 
salinity created by water deficit. At WDI = 0,i.e., 
when ther- is no water deficit, the yield levels were 
nearly the same, but with increasing WDI, the yield
reductions in saline soils were more drastic. 

WI)l is a more accurate measure of field water 
stress than stress-days, which has been often used 
to explain wat-,,stress eflects in rice yields. For the 
saline farms in IRIS, stress-day as a variable 
explained only 2611 of the yield variations in the 
sample, as opposed to 85"'1 explained by WDI (Fig. 
3). For the nonsaline farnis, stress-day explained 

of the ,ield variations compared with 54'
 
explained by WI)I.
 

of improved water allocation and distri
bution. In 1986 )S, water was allocated and
 
distributed by the conventional "continuous flow
 
method," in which water in all flows
canals 

simultaneously and continuously: upstream
 
Division A 'Arnicrs diverted much more than their 
share of water through both the NIA-constructed 
turnouts and extra ones, causing serious water 
shortage and yield reductions in l)ivision 13farms. 
As a remedy, a "sectionwise rotation method" in 
tile main canal was designed and implemented in 
1987 through the NIA o:eration and maintenance 
personnel, with f'armer group cooperation. Control 
gates were installed in 9 of the 11extra turnouts in 
Iv)i'ision A to minimize uncontrolled, wasteful 

http:poly\in.ls


diversion by advantageously located farmers; 2 
others were closed. A minimum flow of 1,000 
liters, s into the main canal was to be distributed to 
the various parts of Divisions A and B, each of 
which was divided into 2 sections with an assigned 
flow rate and time period for irrigation water 
delivery. Irrigation llo\ and farm-level water 
SIatUS were monitored throughout tile season in 84 
farmer plots selected on a grid basis. On half of' 
these plots,.field \sater requirenents were neasured 
with sloping gangcs. 

ie/h erhI gi0 l Y('r e/clit o(' , e. ,and ls. W alt 

delieres in 987 D)S were better distributed 
btcxheen I)ivisions A an B.aInd fluctuated less 
than i 1986 DS. In 1986, for exam pl. the daily 
irrigation flow in the main CallllIron1i February to 
March v;tried between 345 and 1,122 liters s,with 
ain average of 890 liters s and a coeflicent of 
variation (CV) of 37('1. lurilig tile season, a 
significanlt allouint of water in the ri er was 
allo\\ed to spill over the dan, rather than to bc 
diverted to t ie main canal through adjustment of 
tle main gate. In contrast, the daily flow rate 
during tilesame period in 1987 fluctuated within a 
narrow range of 940-1,000 liters/s, with an average 
of 979 liters s. Fluctuations of water delixcry rate 
improved, as reflected in a lower CV of l0('1. 

The distribution of irrigation \,ater between the 
two divisions improved significantly in 1987 DS 
over 1986 DS. In 1986, as water supplies from the 
dan increased through the season, most of the 
additional water WaS used inlDivision A (Fig. 4). 
Although Division A had an almost equa.tl service 
area :Isl)ivision B,it used on tile average 77(h of 
the total supply (78Q liters 's)during February-
March 1986. This inequity \%as due mostly to lack 
of physical control over water diversion by farmers 
through the oflicial as well as extra turnouts, and to 
slack management. In 1987 DS, the average water 
diverted to l)ivision A during December-February 
was about 56.511 of the total supply (490 liters's), 
and the remaining 43.5(7 was used inDivision B. 
But in the middle of(February, after about a month 
of,no significant rainftall, Division A farners took 
advantage of their upstreamIlocation and diverted 
about 80()r% total The ilprovCdof the supply. 
equity of water supplies between I)ivisions A ald B 
could thus be sustained by the farimers only in the 
first part of the season (Fig. 4). 

The share of total planted area of Division B 
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4.Totll water suppil and ilsdistribution hetween )ivisionsA 
and B.IRIS, Camnarines S1. Philippines, 1986 and 1987 I)S. 

increased fron 43% in 1986 DS to 47% in 1987 DS. 
Irrigation water applied on the farm increased in 
1987 DS by 38K in Division B and by 26, in 
Division A compared witi- 1986 DS. Despite a 
severe drought in 1987, average rice yields in 1987 
DS were comparable to those in 1986 DS, but 
Division A farns produced on the average 0.7 and 
1.3 higher yields per hectare than those of Division
 
13in 1986 DS and 1987 DS. The higher water
 
productivity values for Division B farms indicate 
that water was used more effectively there than on 
their counterparts in Division A (Table 4). 

Within tile entire service area, about 68% of the 
sample farnis received adequate water during 1987 
DS. Of these, about 58,.i of the farms that reported 
no other problems produced an average yield of 
4.0 t,ha. About 13%7 of those with adequate water 
had significant pest and disease problems, and pro
duced an average yield of 2.3 t ha. About 29("i of 
the farners reported Zn deficiency problcnis, and 
38% of those who applied ZnO to the seedlings 
obtained an average yield of 3.8 t/ha, which was 
about 0.6 t ha higher than yields without Zn. 

Farm irwoducnt*ivr antd incomu'. The effects of 
improved irrigation wz-er deliveries in 1987 oil 
farm productivity and incone were determined 
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Table 4. Area planted, water use, yield, and water productivity.a IRIS, Camarines Sur, Philippines, 1986 DS and 1987 DS. 

Particulars Division A Division B Total or average 

Potential service area (ha) 646.5 743.1 1389.6 
Area planted (ha) 

1986 DS 547.3 406.2 
1987 DS 

Total irrigation water (Ir) applied (mm)
1986 DS 
1987 DS 

Total rainfall (Rn) (mm)
1986 DS 

1987 DS 


Total water use IrFRn) (mm)
1986 DS 
1987 DS 

Average yield (t/ha)
1986 DS 

1987 DS 


Water productivity (kg/mm) 
1986 DS 

1987 DS 


953.5 
486.0 427.7 913.7 

824.2 384.5 604.4 
1040.1 (26%) 530.4 (38%) 785.2 

301.5 312.2 306.8 
78.2 78.2 78.2 

1125.7 696.7 911.2 
1118.3 608.6 863.4 

3.3 2.6 2.9 
3.7 2.4 3.1 

2.9 3.7 3.3 
3.3 3.9 3.6 

aFigures in parentheses indicate increased delivery in 1987 over 1986. 

using "before-and-after" is well as "with-and-
wkithout" comparisons For the before-and-after 
comparison, 1986 DS represented before and 1987 

)S after. An adjacent area called the Bombon site, 
where water allocation and distribution in 1987 
were not altered f[m the conti utLs [low method 
used during 1986, was used as the "without" site, 
and IR IS constituted the "wilh" site. 

ILow rainfall (78 mm in 1987 l)S compared with 
>300 mmii in 1986 DS) created a water shortage in 
tie Blombon arca, about 60"1 of the sample farniers 
reported waler shortage in 1987 )S, compa. ed with 
only 14(1 in 1986 )S. II contrast, 68('1 of the IRIS 
farniers sampled expressed satisfaction with their 
water status. The mean 1987 i)S yield of saline 
farms wih iimproved irrigation water deliver\, was 

signiflicantly higher, about twice the yield of farms 
in Blombon (Table 5). On the nonsaline arims, the 
yield advantage of IRIS farmers over Bombon 
farmers was about 0.7 t ha. Thie higher yields in the 
IRIS area could be altributed to improved water 
allocation and distribution, complemented by tile 
operation of the flap gates at the mouth of a major 
drainage creek to control saltwater intrusion. 

The production inputs used were similar at the 
two sites, except that at the IRIS site farmers used 
significantlv nore labor for hand weeding. In 1987 
DS, bodi saline and nonsaline farms in IRIS 
showed significantly higher gross margins from 
rice production thani Bonbon farms. File dif
ference was mch higher for saline farnis (Table 5). 

The before-and-after comparison within IRIS 

Table 5. Mean yields and farmers' gross margins on saline and nonsaline farms, with and without improved 'rligation water 
deliveries.a IRIS, Camarines Sur, Philippines, 1987 DS. 

Saline Nonsaline
 
Parameter
 

With Without Difference With Without Differei;ce 

Mean yield (t/ha) 2.4 1.1 1.3" 3.4 2.7 0.7*
Value of output (S/ha) 324 145 179* 461 368 93*
Tota! variable cost (S/ha) 239 189 50 + 266 225 41 * 
Gross margin (S/ha) 85 (44) 129 + 195 143 52 + 

aExchange rate: S1 = P20. Differences were significant at the 5% (*) and 10% (+) levels by t-test. 
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indicates that the yields in 1987 )S were generally 
Sustained at the 1986 l\el despite the low 1987 
rainfall. The a'crace yield of Iv)ivision A nonsaline 
farms \ as significantly higher in 1987 (Table 6). 
Ilhe \ield decrease of 0.6 t ha nnil saline 'arms in 
19,X7 can he attrihuted to the water shortage alter 
I'chruaKrv. aiid to pest and disease problems 
reported hy more than 30I1 of' )ivision 14saline 
lrca farmrs. 

Inputs used( during the 2 seasons were not 
si enificatl diffcrent, except far N, which was 
morie used in 1987 in hoth saline and nonsaline 
farnis ofl)ivision A (alout 10 kg N ha higher than 
in 1986). The gross mIargin of nonsaline larnis 
increased significantly in 1987 DS compared 
with that in 1986 DS (Table 6). 

[lie improved wa1ter inanagenient in 1987 )S 
allo\wcd I RIS larimers to :avoid a yield loss of about 
1.01 t ha that \would have othierwise occurred from 
the combined eflccts of low rainfall, inequitable 
Irrigation water deliveries, and related salinity 

proble.ls, 

I-OI(t()t)-!'RtN I NVIRINVINI AND RI'F 
lPR(I)t ('1 ION IN llt()I 

mt,I.e l -

Characterizing the flood-prone environment 
( Water Alana,',t'nife ). Tlie Ilicol River basin of'tlc 
Ihilippines has an arca of about 312,000 ha, of 
which .lhout 30"7 is riceland. About 4(0,()00 ha of 

low-lying areas in Camarines Sur Province, most 
of' which is planted to rice, is subject to flooding. 
Farmers suffer crop losses due to generally unpre
dictablc inundation. Despite high risks, rice 
farming is the main source of livelihood, and 
incomes are very low. Research in cooperation 
wit lhe licol River B'asinIDevelopment Program 
has aimed at developing a methodology to 
characterize rice areas under flood-prone condi
tionswithIrespect to flooding hazard, both in ternms 
of he arca aflfected and tihe severity of inundation. 

/loodni ha-ardtcafegories.Tle Lake Baao and 
l.ato sub-basins. which together cover around 
12,000 ha of f]ood-prone area within the Bicol 
River basin, were studied to quantily the flooding 
hazaid in rice culture. About 5,000 farmers 
cultivate the area. Data of 14 yr (1974-87), the Bicol 
River hydrograph at the Nabua gauging station, 
and records of flooding showed that significant 
flooding of the riccfields occurred at or above 7 ni 
river stage. Flooding hazard was categorized as I) 

ih/ with river stage between 7 and <8 m, 2) 
exvtensive with 8 to <9 m, and 3)severe with 9 m or 
above. Oi tihe average, about two floods are 
expected every ear, altlhough as many as four have 
occurred in a ,ingle year. Mild floods are more 
frequent than extensive or severe floods (Table 7). 

.July is tile most frequent mo-th for mild floods, 
followed by August and November. More exten
sive floods occurred in November than in any other 
month. All severe floods occurred in September or 
later in the year. 

Table 6. Mean yields and farmers' gross margins (at 1987 constant prices) on saline and nonsaline farms before and after 
improved water deliveries.a IRIS, Camarines Sur, Philippines, 1986-87. 

Parameter 

Mean yield (t/ha) 

Value of output (S/ha) 

Total variable cost (S/ha) 

Gross margin (S/ha) 


Mean yield It/ha) 

Value of output (S/ha) 

Total variable cost (S/ha) 

Gross margin (S/ha) 


Division A 

3.0 
425 
286 
139 

3.2 
431 
268 
163 

Saline 

Division B 

1986 DS (before)
2.7 

368 
258 
110 

1987 DS (after)
2.1 

267 
230 
37 

Nonsaline 

Division A Division B 

3.3 2.4 
439 328 
288 241 
151 87 

3.8 + 
2.6 

523* 346 
290 228 
233" 118 

aExchange rate: $1 = P20. Significant at the 5% (*) and 10% (+) levels by t-test. 

http:proble.ls
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Table 7. Number of floods based on 3 categories of peak water stage measured 
station, Camarines Sur, Philippines, 1974-87. 

Year or month 

Mild 
(7 m to <8 m) 

1974 3 

1975 
 0 

1976 
 1 

1977 
 3 

1978 
 2 

1979 
 0 

1980 
 0 

1981 
 2 
1982 0 
198: 1 

1984 
 1 

1985 
 0 

1986 
 2 

1987 
 2 

Total 17 (1.21) 

May 0 
Jun 1 (0.07)
Jul 4 (0.29) 
Aug 3(0.21) 
Sep 2 (0.14)
Oct 2 (0.14)
Nov 3 (0.21)
Dec 2 (0.14) 

aNumbers in meters indicate the range above 

Floods (no.) under each categorya 

Extensive 
(8 m to <9 m) 

1 
0 
0 
0 
1 
0 
1 
2 
1 
1 
0 
0 
0 
1 

8 (0.57) 

0 
1 (0.07) 
2 (0.14) 
0 
1 (0.07) 
0 
3 (0.21) 
1 (0.07) 

in parentheses indicate annual frequency of occurrence. 

Recurrence interval and area affected. From 
available data on extreme flood events recorded at 
the Nabua gauging station for the past 28 yr (1960
87), the recurrence intervals (RI) of the events were 
determined. The river stage at Nabua (RSN) and 
RI were related through the equation 

RSN = 7.4426 + 2.614 log (RI) 

(r' = 0.88**) 
The relationship between RSN and the flood-

water elevations in the field (FWF) was examined 
for 1985-87, during which flooding depths were 
monitored at four sites and their elevations above 
mean sea level determined. The relationship 
between FWF and RSN is expressed by the 
regression equation: 

FWF =0.4897 + 0.9783 (RSN) 
(r2 = 0.98'*) 

The topographic map was used to delineate and 
measure the area that was submerged because of 

in the Bicol River at the Nabua gauging 

Total 
Severe (no.) 

(9 m or above) 

0 4 
1 1 
1 2 
0 3 
0 3 
1 1 
0 1 
0 4 
1 2 
0 2 
0 1 
1 1 
0 2 
1 4 
6 (0.43) 31 (2.21) 
0 0 
0 2 (0.14) 
0 6 (0.43) 
0 3(0.21) 
2 (0.14) 5 (0.36) 
1 (0.07) 3 (0.21)
1(0.07) 7 (0.50)
2 (0.14) 5 (0.36) 

mean sea level of the river stage associated with the flood category. Numbers 

different FWFs. The equation relating area flooded 
(AF) with FWF is 

(r =0.99W) 
This area includes the DS residual areas in the 
Baao and Bato Lakes, totaling about 3,100 ha, 
which are mostly underwater and not used for 
cropping. 

It was previously established that floodwater rise 
is generally sharp and closely follows heavy rainfall 
in the catchment area. The floodwater recession 
rate, which is of critical importance in determining 
the period of ricefield submergence and the degree
of crop damage, was measured with staff gauges at 
four observation points during 1985-87. The 

average recession rates for the FWFs were 1)8 m or 
higher, 8.2 cm/d; 2) 7 m to <8 m, 6.6 cm/d; 3) 6 m 
to <7 m, 7.2 cm/d; and 4) <6 m, 3.6 cm/d.

A predictive nodel. The above information and 
relationships were used to develop a computer 



model for determining flooding depths and dura-
tions for different field elevations, areas, and 
periods of submergence of crops of given heights in 
the field for floods of varying severity. Using the 
model, a user nomograph was developed to 
estimate the effects of flooding (Fig. 5). For 
example, a qood with a 2-yr recurrence interval will 
cause the following: 

* 	Field elevation affected = 7.56 m or lower 
Gross area flooded = 10,830 ha 

* 	For a farm with field elevation of 5.90 m 
Maximum field water depth = 1.67 m 
Flood duration = 18.0 d 
If plant height is 0.70 m, the period of 
complete submergence-- 11.9 d 

Combining the information in Table 7 and the 
nomograph, the risk associated with rice cropping 

Gross area flooded (thousand ha) 
6 8 10 12 14 16 
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5. Nomograph developed for determining the extent of 
flooded area caused by flooding of various recurrence in-
tervals, maximum water depths, durations, and periods of cropsubmergence at chosen field locations. Bicol River basin,
Philippines. 1987. 

WATER MANAGEMENT 297 

using various planting dates can be determined in 
areas of given elevation. The model can be used for 
other flood-prone areas by adjusting the basic 
parameters to local hydrologic conditions. It can 
also be expanded to estimate rice yield and 
production losses caused by flooding. 

Performance of varieties under excess water 
conditions ( Water Management and Plant Breed
ing). Fieldiestingofselectedrices. Several varieties 
and lines were tested under farmers'field conditions 
in the flood-prone areas of the Bicol River basin in 
1986 WS (Table 8). Of the IR varieties and lines at 
the flooded sites (Group 11farms), farmers' 
selections produced the highest average yield, 
2.8 t/ha, followed by IR31142-14-1-1-3-2 at 
2.5 t/ha; that indicates that farmers are skilled in 
choosing varieties for their conditions. At flooded 
site 4, varieties that were submerged fully for a total 
of 4 d -2 d at 43 d after transplanting (DT) and 2 d
at 47 DT--and partially for 6 d gave the lowest 
yields. However, at this site with the worst 
submergence conditions, an IR breeding line 
(11R31142-14-1-1-3-2) bred for just such conditionswas the best yielder among modern variety ertries 

from IRRI. 
Four varieties and lines that looked promising

from the 1986 WS data were tested along with 
farmers' varieties in 1987 WS in Baao fields withvarying elevations, Flooding occurred in mid-July, 

and crops were submerged at 32 DT to varying
 
depths of floodwater depending on the elevation of
 
the test site. With 0-4 d of full submergence and up
 
to 3 d of partial submergence, most varieties did
 
well. IR64 gave the highest average yield (4.8 t/ ha):

yields of farmers' choices averaged 0.5 t/ha less
 
(Table 9). At the 5.83-m-elevation site, where the
 
crops were submerged for a significant period but
 

not long enough to completely destroy them,IR31142-14-1-1-3-2 performed best. But all varieties 
rotted in the field and produced no yield at the 
lowest-elevation site, where they were submerged 
completely for 6 d and partially for 2 d (Table 9).

submerged for longer (at elevations 6.06 m 
and lower) took up to 3wk longer to.nature. The 3 
lines that produced average yields between 3.6 and 
4.3 t/ha matured about 15 d later than the early
maturing IR64. 

Crop-cut yields were taken from farmers' fields
with elevations from 5.78 m to 7.04 m above mean 
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sea level. which were flooded in Jluly 1987. As at the a late stage, e.g., at 65 DT, rice yields were 
test sites, yields from sites that v, ere completely significantly lower than those after partial sub
submerged up to 4 d at 27-36 DT were comparable mergence at an earlier stage. 
to yields at unflooded sites, but the yield of IR36 at E\'lrinwnt in confrolled water regimes. The 
I site that wa, completely ,ubmergcd for 4.5 d and 1986 and 1987 WS observations and findings were 
partially for another 3 d was only 1.7 t/jha used to design an experiment aimed at quantifying
(Table 10). When partial submergence occurred at the relationships between rice yield loss and various 

Table H. Yield response It/h) of varieties and lines testcd in flood-prone areas of Camarines Sur, Philippines, 1986 WS. 
Group I farms were no'z flooded during the season. 

Group I farms Group II farmsParameter 1 2 3 Meana 1 2 7, 4 Meanb 

Days (no.) of submergence
 
Full 
 - - - 1 1,0 0 2,2
2artialC .. - 1 5,2 2 2,4

Occurrence of flood (D1 - - 26 42,98 41 43,47 

Yield (tiha)
IR varieties
 

IR36 2.0 2.2 3.5 
 2.6 2.8 0.8 2.5 f 2.0 
IR64 2.3 1 .5e (7 2.8 3.4 1.9 1.4 1.2 2.0 

Submergence-tolerant breeding lines 
IR5853-198-1-2-1 E-P1 2.9 1.0 3.7 2.5 3.1 1.4 3.0 0.7 2.0 
IR21071-53-.-3-2E.P2 - 2.2 0.99 1.6 2.1 1.4 2.1 0.7 1.6
IR26708-2-2-3-1-1 - 3.6 2.9 3.3 3.3 1.4 1.2 1.8 2.1
1R31142-14-1-1-3-22 2.9 5.9 7.4 5.4 2.7 1.6 3.3 2.3 2.5 
IR31406-333-1 2.3 1.8 2.2 2.1 3.3 1.8 1.8 1.0 2.0

Farmer's variety1 1.8 2.7 3.5 2.7 3.1 2.5 3.3 2.3 2.8 
(IR64) (ES) (ES) (ES) (S) (IR64) (R58) 

aMeans of 2 farms not included. bMeans not significantly aifferent at the 5% level by DMRT. CSubmergence began at full 
plbnt height and receded to 30% of plant height, dDT = days after transplanting. e10 0 5/, lodging. fDamag.d completely by
rats. gDamaged by rice bugs. hES = Early Senador, S = Sampaguita. 

Table 9. Days of submergence a and yield response of varieties and linesb tested in Baao, Camarines Sur, Philippines, 1987 
WS. 

Elevation (m above mean sea level)Parameter Ma 
7.01 6.56 6.066.55 5.83 5.64 yieidC 

Submergence (d)
Full 0 0 30 4 6 
Partial 0 2 2 32 2 

Entries Yield t/ha)
IR64 4.5 5.1 5.44.2 4.6 0 4.8 a
IR5853-198-1-2-1E-P1 3.9 4.2 3.7 3.7 2.6 0 3.6 b
IR26708-2-2-3-1-1 3.4 3.8 3.8 3.5 3.7 0 3.6 b 
IR31142-14-1-1-3-2 3.6 3.9 4.0 4.0 6.1 0 4.3 a
Farmers' variety 4.6 4.3 4.5 4.9 3.1 0 4.3 a 

(IR60) (RI10) (77-d) (R110) 1R110) (Rh10) 
Mean d 

4.0 4.2 4.0 4.3 4.0 0 
aFlood occurred at 32 u fter transplanting. bMean of 3 replications. CExcluding elevation 5.64 m yields.dNo significant 
difference among mears t.p to the 5% level by DMRT. 

http:IR21071-53-.-3-2E.P2
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Table 10. Yields of farms adjacent to trial sites in Baao, Camarines Sur, Philippines, 1987 WS. 

Elevation 
(m above mean 

sea level) 
Variety 

Days of submergence 

Full Partiala 

Time of 
flooding 
(DT)b 

Yield' 
tihd 

(ha) 

7.0 
7.0 
6.9 
6.9 
6.9 
6.8 
6.6 
6.6 
6.6 
6.6 
6.5 
6.4 
6.3 
6.3 
6.0 
6.0 
5.9 
5.9 
5.8 

1R60 
IR60 
R10 
R110 
R110 
IR36 
ES 
IR32 
R110 
R110 
R110 
IR36 
R110 
11110 
IR60 
R110 
IR60 
R110 
IR36 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2.5 
3 
3 
4 
4.5 

0 
0 
0 
0 
0 
0 
2 
2 
2 
2 
2.5 
3 
2.5 
3 
3 
3 
3 
2.5 
3 

-

-
-
-
-
-
27 
24 
34 
32 
34 
34 
32 
36 
65 
36 
65 
36 
36 

4.0 
4.9 
4.3 
4.2 
5.3 
3.8 
3.5 
2.6 
4.9 
5.2 
4.6 
3.3 
4,6 
4.4 
2.3 
4.6 
2.1 
4.5 
1.7 

aSubmerged to 30% of plant height, bDT days after transplanting. CMean of two 5-in2 crop-cut samples from each farm. 

degrees of "mild" to "extensive" flooding that 
frequently occtir in the Bicol River basin area. The 
experiment was conducted at IRRI in a concrete 
tank in the gldsshoust', where water level was 
completely controlled. IR64 and IR31142-14-1-1-3-
2 were grown August to November 1987, and 
subjected to varving degrees of excess water 
conditions (Table II). 

IR64 lost 74%'j o! its potential yield when 
submerged foi 4 d (I d of rising water, 2 d of 
complete submtrgence, and I d of receding water) 
after the majorily of tillers had flowered. In 
contrast, IR31142-14-1-1-3-2 lost abo-it 45%* of its 
potential yield (Table II). For earlier occurrence of 
submergen.t- in IR31142-14-1-l-3-2, the highest 
Yield reduction (45%j) occurred with 12 d of "fully 
submerged"condition starting a,.30 DT. For IR64, 
it occurred with 8d of the same treatment at 45 DT , 
with 51(1 yield reduction. 

For most of the treatments, 1R31142-14-1-1-3-2 
outyIclded I(,4 (Fig. 6). Unlike those of 1R64, 
yields of IR31142-14-1-1-3-2 were not significantly 
reduced by the various "half-submerged" treat-
ments (Table II). For "fully submerged" treat-
ments, the results were mixed. Significant yield-

reductions occurred in IR64 when submerged for 
the various durations at 45 DT, 15 and 45 DT, and 
30 and 45 DT. 1R64 yield reductions were also 
significant with fully submerged treatments at 15 
DT for 8- and 12-d durations and at 30 DT for a 
12-d duration. For IR31142-14-1-1-3-2, no signi
ficant yield eductions occurred forany of thefully 
submerged treatments other than the 12-d duration 
treatments at all DT values and the 8-d duration 
treatment at 15 and 45 DT. This variety performed 
better than IR64 under submerged conditions. 
Under the no-submergence control condition, 
yields of both were very close (6.6 t/ha for IR64 
and 6.4 t/ha for IR31142-14-1-1-3-2). 

POLLUTION EFFECTS ON IRRIGATION WATER 
QtIAI.ITY AND RICEIAND PRODUCTIVITY 
Water Management Departnent 

Mine tailings from several copper and gold mines 
in the Agno River watershed in northern Luzon, 
Philippines, have been known to pollute the river 
water. Detention dams are used to control inflow 
ofthe mine tailings into the river water diverted for 
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Table 11. Relative yields obtained from 2 rices at different levels of excess water condidons. IRR I, 1987. 

Treatments Relative yieldb 
Crop 
stage 

Durdtion of 
submergence IR64 IR31142-14-1-1-3-2 IR64 IR31142-14-1-1-3-2 

(DT)a (d) 

- 0 100.0 100.0 100.0 100.0 
Half-submergedc 

Fully submerged c 

15 4 78 82 82 86 
8 

12 
73 
68 

71 
82 

67 
62 

77 
63 

30 4 71 83 80 91 
8 89 94 83 77 

12 79 91 70 55 
45 4 

8 
74 
80 

85 
73 

62 
49 

86 
85 

12 65 88 62 65 
15 & 45 4 75 82 62 84 

8 58 89 58 64 
12 77 93 61 58 

30 & 45 4 78 88 71 76 
8 72 106 78 78 

12 70 95 57 58 
Flowering 4 - - 26 55 
a DT = days after transplanting. bRelative yield was based on actual yields of 6.6 t/ha for IR64 and 6.4 tiha for IR31142
14-1-1-3-2 under nonsubmerged conditions. Least significant difference with respect to nonsubmerged yields was 22.8% for 
IR64 and 28.3% for IR31142-14-1-1-3-2. C"Half-submerged" and "fully submerged" treatments are described as follows: 

b 

- --1--Moaxmum flood level a c b =2d 

a 	 c =variable 

:-,. . ...,. \ .,.- Normal water level--

Half-submerged Fully submerged 

IR31142-14-1-l-3-2 yield (t/ho) rice irrigation, but high concentrations of sediment, 
7 mixed with mine tailings, are deposited on the 

ricelands and canals of the Agno River Irrigation 
6 System (ARIS), which has a total service area of 

about 20,000 ha. The primary objective of this 
study was to assess the possible impact of 

5 	 continuous sedimentation on riceland productivity 
in ARIS. The study entailed a comparison of areas 
in ARIS with those in the adjoining Lower Agno

4 	 Totonoguen River Irrigation System (1 \TRIS), 
which also receives water from the Agno River, 
down,.tream of ARIS, but water mixed with clear 

3 water from the Totonoguen Creek; consequently, 
3 4 5 6 7 LATRIS (service area = about 7,500 ha) water has 

IR64 yield (t/ho) a low concentration of sediments. 
6. Yields of lR31142-14-1-1-3-2 plotted against those of IR64. The irrigation waters from 1987 DS were 
IRRI, 1987 WS. analyzed for suspended sediments, salinity, alka
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Yie;d (t/ha) 
Service area (thousand ho) Cumulative sediment 

Wet season deposition (million t242. 

LATRIS (moderate) 2.4
4

20 O Cumulativesec-Iment O 2.0 
Fdepozitio.n 

%. 16 -16 

__V
2 - ARIS (extreme) 12 

1.2 

1 - A yieldgoprO 3 t/ha 0.8 

Difference n concentration of suspanded
 
sediment 
- 356 rag/liter 

0 _ I I 1 4 0.4 
Dry seo.;0n 0 1 1 1 1I0 1 

r 
1978 1980 1982 1984 1986 

4 8. Cumulative suspended sediment inflow and decliningservice area. ARIS, Pangasinan, Philippines, 1978-85. 

6. J/ only about 9.5 t/ha. The topsoil in the ARIS 
service area is relatively low in N (0.10%) but high in2- Cu (36.8 ppm) compared with the LATRIS 
deposits, which had 0.12% N and 0.7 ppm Cu. 

1 -Au yild gop'tOo~Higher Cu concentration in the AR IS soil iscausedgu-pended1ilferene inCon-entrt,on of by a higher sediment concentration in the irrigationsedimentl,323mg/liter water. Cu concentration in the ARIS irrigation0 I0 2 4 water (0.03 ppm) was 50% higher than that in the6 8 10 LATRIS water.1977 LATRIS soil had higher P (8.4198E ppm) than ARIS soil (1.3 ppm), but ARIS soil had
7. Average rice yields in WS and DS in 2 adjacent irrigation about 2 times higher K (0.5 meq/ 100 g).
systems receiving "extreme" and "moderate"concentrations of
sediment pollution into their service areas, 1987. ARIS = Agno The high rate of sedimentation may be loweringRiver Irrigation System. l.A"RIS= l.owcrAgno-Totonoguen the productivityRiver Irrigation System. of the ARIS service area. Theyields of AR IS in both seasons are lower than those 

of LATRIS, but the difference is much greater in
 
DS, when the concentration of suspended sediment
linity. B, and Cu. All values were within accepted is significantly higher in ARIS (Fig. 7).
safe limits for rice irrigation, except for the 
 The high sediment concentration in ARIS waterconcentration of suspended sediments, which was caused continuously heavy depositions in the1.540 mg/liter in ARIS and 216 mg/ liter in LATRIS irrigation canals. Over the years, this process haswaters. An acceptable value is about 100 mg/liter. caused reduced fiow capacities in irrigation canalsBecause of the higher concentration of sus- and abandonment of some. Consequently, thepended sediments, the sedimenw deposition rates service area has significantly declined during thewere much higher in the ARIS service area. In 1987, past several years (Fig. 8), despite the regulareach hectare of AR IS ricefield received about 56.5 t desilting work done through the annual maintenof sediment. In contrast. LATRIS riceland received ance schedule to clear the canals of sediments. 



Soil and crop management 

Soil characterization 
Sois DeJpartment 

..\MI.NI)ING AN Atll) SLI.FAIi! SOIl 304 
 SOIL SIRUCTURE EVALUATION IN LUZON,
I'O11 NI IAI. FORl WI II.ANI) RICUCI./I.IIVATION ON PHILIPPINES 310


PII I IPI'INI A(II).suI I ,r soILs 305 
 Water stability of aggregates 310
 
SFI-F'I OF C'ON IIN( (OIS('ROI'I'IN(i ANI) WA lER Linear shrinkage 311


QUAI.I IN ON AVAII.AIiI ZINC IN ZINC-I)IFICIENT Moisture retention at 1500 kPa 311
SOILlS IN It11 PIIIIII'I'INFS 307 
 Computer modeling of soil structure 312
 
KIN[ I I(S O IRON ANI) MANGANFSI IN FILOODEI)
 

s501.s 308
 



304 IRRI ANNUAL. REPORT FOR 197 

AMFN)ING AN ACID SULFATE SOIL 

We studied the effect of topsoil leaching on soil 
solution kinetics and nutrient uptake of rice in an 
acid sulfate Sulfaquept soil (Table I) from Aparri, 
Cagavan. Philippines. This factorial experiment in 
the greenhouse used 3 levels of leaching, 2 levels of 
1)(25 and 50 kg P!Iha), and 2 levels of lime (0 and 
501) kg CaCO3 ha). 

Soil was soaked with either brackish or demi-
,cralized water and leached after 24 h. Leaching 
with brackish water was followed by leaching with 
deminerali/ed water until thc electrical conduc-
livitv (EC) of leached water was about 3.7 dSim. 
The chemical properties of leached water appear in 
Table 2. Because of' enhanced cation exchange, 
brackish water leached more Al, F,, and Na than 
did demincralized water, 

IR36 was planted in 16-liter glazed porcelain 
pots containing 3 kg of original air-dried soil 
overlain with 3 kg of treated soil. All treatments 
were presubmerged lor 15 d. Lime was added 
before flooding, and P was applied I d before 
transplanting. Urea at 60 kg N iha was added in 3 
equal splits: basal, 15 d after transplanting (DT), 
and before panicle initiation, 

leaching and liming increased the soil pH 
(measured at 3-cm depth), but P application did 
not. Soil pH ranged from 4.5 to 5.1 at 12 wk after 
submergence. Initial soil solution pH (3.2) was not 
af'fected by any treatment but increased more 
rapidlk (ip to 5.4) in leached soils.poil Eh decreased to -88 mV by 12 wk after 

submergence but was not aftected by the treat-
ments. Soil Solution Ell remained positive in all 
treatments, and only leaching lowered it. 

The average EC of soil solution ranged from 
7.1-7.5 dS m at I d after submergence to 2.9-4.1 
dS in at 12 wk after submergence. The slow 
decline was caused by dilution and formation of 
metal ions and NH4 '. The subsequent rapid 
decline migbt have been caused by the precipitation 
of metal ions, conversion of RCOO-to CH 4, and 
plant uptake. ECs of leached soils were lower. 
Lime and P application did not affect soil solution 
EQ. 

Fe in the soil solution was above the toxic level 
(3X) mg/liter) throughout the experiment in all 
treatments. Water-soluble Fe increased sharply to 

1900 mg/liter at 4 wk after submergence and 
declined rapidly to 500-900 mg/liter because of 
precipitation as sulfide and hydroxide. Leaching 
lowered Fe concentration. Water-soluble Mn was 
highest at I d after submergence (16 mg/liter) and 
declined gradually to 2.8-5.4 mg/liter by 12 wk 
after submergence. Leaching with either brackish 
or demineralized water reduced Mn faster than in 
the control. In all treatments, water-soluble A13+ 

decreased sharply from 29 mg/liter to 3 mg/liter in 
the first 2 wk. At 12 wk after submergence, Al 
declined to 0.3 mg/liter. 

2- inSO4 the soil solution was highest im
mediately after submergence (5700 mg/liter). 

-
Gradual decline was related to the formation of S2

and the precipitation of metal sulfides. Leaching 
lowered SO42- to 1900 mg/liter at 12 wk after 
submergence. Lime and P appiicat,,i had no 
effect. 

Zn in the soil solution decreased sharply from 
1.9 to 0.1 mg/liter the first 4 wk and was as low as 
0.02 mg/liter at 12 wk after submergence, probably 
because of the formation of Zn sulfides and 
hydroxides, reactions with soluble silica, and plant 
uptake. No treatment affected the kinetics of 
water-soluble Zn. 

In all treatments, soil solution P decreased 
sharply the first 4 wk because of the high P-fixing 
capacity ofthesoil. Leaching lowered Pthroughout 

Table 1. Properties of the topsoil (0-20 cm) ofsulfate soil an acidfrom Dodan, Aparri, Cagayan, Philippines.
IRRI greenhouse, 1987. 

pH (H2 0 1:11 3.0

ECe (dS/m)

Organic C(%) 8.1

5.63 
Total N(%) 0.43 
CEC lmeq/100 gsoil) 53
Exchangeable Na (meq/100 g) 5.38Exchangeable K(meq/100 g) 0.41 
Exchangeable Mg (meq/100 g) 12.78 

Ca (meq/100 g) 2.19ExchangeableExchangeable S0 4
2 - (%) 0.74Available P (Olsen) (mg/kg 3.11 

Available Zn (mg/kg) 4.3 
Available Cu (mg/kg) 0.19 
Available B (mg/kg) 6.5Active Fe %) 0.74 
Active Mn %) 0.014 
Exchant!eable Al (meq/100 g) 3.77
Exchangeable acidity (meq/100 g) 9.00 
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Table 2. Concentrations of elements in sequential leachatesa of a Sulfaquept. IRRI, 1987. 

Sequence 
N P K Fe 

1st 5.27 0.05 12.5 102 
2d 6.44 0.05 11.7 175 
3d 6.15 0.03 10.3 166 
4th 5.47 0.03 8.3 146 
5th 3.92 0.02 6.4 110 

Total 27.25 0.19 49.14 700 

Concentration of elements 
2 -Al SO 4 Ca Mg Na Zn Mn Cu 

Leaching by brackish water
16.04 3276 396 642 848 0.90 7.95 0.0
33.30 2720 332 548 709 0.91 6.81 0.0
6.89 2156 273 420 432 0.51 5.41 0.0
4.54 1280 218 343 475 0.53 4.00 0.0
2.25 1053 152 201 294 0.34 2.51 0.0 

63.02 10486 1371 2154 2759 3.19 26.68 0.0 

2d 
3d 
4th 
5th 

8.09 
5.91 
5.50 
4.46 

0.07 
0.03 
0.03 
0.03 

11.3 
8.3 
7.4 
5.9 

18 
157 
126 
114 

9.58 
5.78 
4.14 
2.39 

Total 30.34 0.22 43.8 502 35.64 

aMean of 12 replications. 

the experiment. L.ime and P application did not 
affect 1Pconcentrations in the soil solution. 

NH4' peaked at 24 rug liter at 4 wk after 
submerence. Leaching resulted in lower peaks
and faster decline. 

Ca2 and Mg->" in the soil solution declined 
gradually, while Na" increased slightly during tile 
first 2 wk, declined sharply until 4 wk after 
submergence, and decreased gradu ally thereafter. 
Leaching lowered Ca2 . Na2 ' ,Mg2 '. and while 
lime and P application had no effect, 

Soil solution kinetics revealed adequate nutrients 
for normal growth except for P deficiency and Fe 
toxicity. Leaching and high P application lowered 
N, P, and K in 6-wk-old shoots. At maturity, total 
uptakes of N, P, K, Mg. Ca. Na, and Zn were 
higher in leaching and high P treatments. Leaching
and high P application gave the highest straw and 
grain yields. Brackish water leaching was not 
superior to leaching with demineralized water. 

P( lIFNTIALI FOR WHTL\NDI RICI: CULIVIVATION0 
ON l'HIIl'lINI: ACID)SUlFATF SOILS 

Field and greenhouse 
thestudies characterized 

physical, chemical, and morphological properties 
of five Philippine acid sulfate soils (Figs. 1-7). The 
acid sulfate soils in Dodan (Sulfaquept), Caili 
(Sulfaquept), and Inirangan (Sulfic Tropaquept) 

Leaching by demineraliz6d water1st 6.38 0.07 10.9 87 13.80 2845 369 563 512 0.89 6.97 0.0
2521 334 488 7.00546 0.94 0.0
2080 239 368 257 0.63 4.79 0.0
1355 217 301351 0.54 4.03 0.0
1087 ,60 219 200 0.37 2.68 0.0 
9887 1319 2047 1759 3.37 25.47 0.0 

developed in marine floodplains and tidal marshes, 
while those in Balza and Burabod (both Sulfa
quepts) developed from sediments associated with 
volcanic S emanations. 

Topsoil textures vary from sandy to clayey, with 
clay contents of 8% in Balza, 16% in Burabod, 40% 
in Dodan, 55% in Inirangan, and 73% in Casili. 

Field studies showed Al toxicity and P defi
ciency during the early vegetative phase of rice and 
Fe toxicity at maximum tillering. Plant analyses 
showed toxic levels of Fe and Al, high Fe:Mn 
ratios, and low P and N levels. 

More severe plant injuries were observed in the 
wet season (WS) than in the irrigated dry season 
(DS), apparently because of extreme soil acidifica-

Soil depth (cm) 
-

20 

uao 

40V oa 

24 28 32 40 4836 44 

pHKcl
 
. Soil pH at various mean depths of 5acid sulfate soils in the
 

Philippines, 1987.
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tion (pyrite oxidation) in dry periods preceding in the Dodan topsoil at 4 wk after sub-
WS cropping. mergence. The concentration in the subsoil 

lime requirements bastd on incubation methods was 8,000 mg/liter at 14 wk after submergence.
and total exchangeable acidity of the topsoil are The interaction of soil and variety was highly
7-, t ha for Bala, 5-12 t ha for Burabod, 13- significant. Grain yields of IR42 were higher than
18 1ha for Dodan, and 11-16 t ha for Casili. No those of IR36 in all soils except in Balza, where
lime armendment is needed in Inirangan (pH 5.5). severe adverse soil factors killed IR42 during the

The following chemical and physicochemical vegetative phase. IR42 showed higher panicle
properties of the soil solutions were observed: number, grain yield, and straw yield, while IR36

* 	Topsoil solution pHs of the Sulfaqucpts had higher percentages for productive tillers and 
immediately after flooding wcre low (3.24.0) grain filling.

and increased only gradually to 5.6 by 14 wk 
 Yields reflected site-specific adaptabilities.
after submergence. At 30-50 cm depth, pH IR8236-464-3-3 yielded >3 t/ha during WS, while
remained almost constant except in sandy I1R9764-45-2-2 and IR 19431-22-2 yielded >5 t/la
Bal/a soil. in DS in farmers' fields in Balza and Burabod.

" Soil solution Fh decreased gradu:lly Iafter Field amelioration studiesiniBalza and Burabod 
submergence but was still above +100 mV at ascertained the beneficial effects of lime and
14 ',%kalter .ubmergence. Except in Balza, the MnO2 on rice growth, nutrition, and yield. Resi-
Ih decrease at lower soil depth was less than dual effects of lime (5 t,ha) persisted for 2 con
in topsoil. secutive croppings. 

• Water-solible NH 4 ',K', Ca2 ', and Mg2
 

increased in subthemertopsoil tip to 6 wk af'ter
nddeencereased there fter.I 
 TF " ()1C ON. N ttOtJ PINC; A ND W A TERS ('R O IPsubmergeice and decreased thereafter. QUAI.ITY ON AVAILABIE- ZINC IN ZINC-DEFICIENT 
* 	Soil solution P,Al, and Zn decreased with SOtLS IN [HE PHII.IPPINIES
 

submergence in the topsoil.
 
• Water-soluble Fe2' in Balza, 'Dodan, and A 4 X 2 factorial experiment with 4 Zn-deficient 

('asili iacrcased to toxic levels tUp to 1,800 soils (Table 3) as main plots and with varieties as
mg,'liter) in :he topsoil after submergence. subplots was set up with 4 replications in the
Increases in subsoils were less or delayed greenhouse over a 10-yr period. 
except in the Inirangan Sulfic Tropaquept. Two rice crops were grown each year in 10 kg of 
Mniconcentration followed the Fe pattern but soil in 16-liter porcelain pots. Varieties were IR34 
at 	much Ilov er levels (0.5-10 mg,liter). (tolerant) and IR26 (moderately susceptible). Soils

2" Very high concenti ations of S0 4 were were fertilized each season with 50 mg N/kg as
observed. S(.12 increased tip to 3,800 mg; liter urea, 25 mg K kg as muriate of potash, and 25 mg 

Table 3. Properties of Zn-deficient Philippine soils und'lr field conditions. IRRI, 1987. 

Tiaong Luna Laguna Sn PabloPropery (Lipa clay (clay) (Lam-awa a 
loam) peat) (Lipa clay) 

pH 7.9 	 7.7 5.8 6.8Organic matter 1%) 11.5 	 1.81 36.8 4.36Total N 1%) 0.47 0.14 1.96 0.24Available P (mg/kg) 11 120 9 54Exchangeable K (meq/100 g) 1.14 0.24 0.53 0.70Exchangeable Ca (meq/100 g) 27.2 17.5 41.8 18.3Exchangeable Mg (meq/100 g) 13.3 	 3.7 17.1 2.6Exchangeable Na (meq/100 g) 2.5 	 0.5 0.6 1.0Total Zn (mg/kg) 46 134 109 85Available Zn (0.05 N HCI) (mg/kg) 0.12 0.26 0.44 0.16 
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Pi kg as solophos. The soils were kept submerged 
with demineralized water and dried by evaporation 
between crops. Zn availability was monitored 
every 2 yr. 

After 10 yr of continuous cropping, total Zn did 
not change significantly. 11CI-extractable Zn was 
increased bv extensive cropping except in the Lipa 
clay loam (Table 4). In the field, available Zn did 
not change. Ten years of double lowland rice 
cropping with dry fallow, returning stubble and 
roots to the soil, and irrigating with demineralized 
water lowere-d the soil pH (Table 5). 

The pH decrease increased available Zn except
in the Lipa clay loam. In the field, irrigation water 
salts likely kept the pH at higher levels, lowering Zn 
availability. Drying soils during fallow may have 
influenced pH and Zn availability. 

Increased Zn deficiency in farmers' fields after 
double lowland iice cropping is caused, not by Zn 
depletion in soil but by insufficient drying between 
crops and prolonged irrigation with water high in 
bases. 

KINETICS OF IRON AND MANGANESE IN 

FLOODED SOILS 


To understand the transformations of Fe and Mn 
under flooded cond'tions, we studied the kinetics 
of the soil solutions of 4 soils planted to IR36 
(Luisiana, Tropudult, pH [H20j 4.5, OC 2.4%, 
cation exchange capacity [CEC] 19.6 meq/ 100 g, 
clay; Maahas, Tropudalf, pH [H 20]6.6, OC 1.7%, 
CEC 35.7 meq/ 100g, clay loam; Pila, Tropaquept, 

pH [H201 7.6, OC 1.8%, CEC 44.9 meq/ 100 g,

loam; Burabod, Sulfaquept, pH [H20] 3.9, OC 

1.8%, CEC 12.8 meq/ 100 g, sandy loam). Ten 

Table 4. Changes in available Zn in soils at 4 Philippine 
sites due to intensive cropping and irrigation with de.
mineralized water. IRRI, 1976.86. 

Available Zn (mg/kg)Location Z 

1976 1978 1980 1982 1984 1986 
Tiaong (Lipa 0.05 0.05 0.05 0.05 0.05 0.05

clay loam) 
Luna (clay) 0.2 0.2 0.15 0.1 0.5 0.6 
Laguna (Lam-aw 0.4 0.5 3.5 3.5 3.6 5.1 


peat)

San Pablo 0.1 0.80.5 1.0 1.2 1.4 


(Lipa clay) 


Table 5. Reduction in pH due to intensive cropping and 
irrigation with demineralized water. IRRI, 1976-84. 

pH 
Location 

1976 1984 Reduction 
Tiaong (Lipa clay loam) 7.9 7.5 0.4 
Luna (clay) 7.' 6.5 1.2 
Laguna (L3m-aw peat) 5.8 4.9 0.9San Pablo (Lipa clay) 6.8 5.6 1.2 

kilograms of each soil was placed in a 16-liter 
glazed porcelain pot; soil solutions were sampled
anaerobically by gravity every 2 wk. Basal applica
tions of N, P, K at respective rates of 100, 50, and 
50 mg/kg soil were added as ammonium sulfate, 
monocalcium phosphate, and potassium chloride. 

The decreased Eh after floodingcorresponded to 
the reduction of Fe(Ill) and Mn(IV) oxides and 
hydroxides and the release of Fe2' and Mn 24 into 
solution (Fig. 8, 9). The net reaction was oxidation 
of readily oxidizable organic C to CO 2 and reduc
tion of Fe(lIl) and Mn(IV) to Mn 2 and Fe2+-' 

/,C + Fe(OH) 3 + HO - Fe2" + 20H- + 3/2 HO + CO 2 
1/2C + MnO) + H20 - Mn 2+ + 20H- + '1CO2 

Because the reduction of Mn(IV) oxides can 
occur at a higher Eh than the reduction of Fe(lll) 
oxyhydroxides, thc Mn 2+ concentration increases 
before Fe2. 

In this experirneni, no fresh organic C was 
added. In other experiments with similar soils, 
adding organic substrates increased the rate of 
production of Fe + and Mn 2 .
 

Fermenting organic matter produces CO2,
 
influencing the pH of most flooded soils (except
 
acid sulfate scils). The partial pressure of CO 2
 

increased until 4-6 wk after transplanting up to45-55 kPa and sharply declined to 10-20 kPa. In theneutra aahar l nd calcreou Pa
 
neutral Maahas clay loam and calcareous Pi!a

loam, the partial pressure of CO: increased only to

17 kPa .ind stabilized at 12 kPa.


In calcareous soils, where pH is buffered by
 

CaCO3, the increase in partial CO, pressure lowers 
p" to near 7. The pH, hawever, is not determined
by a simple carbonate solubility equilibrium.
Calculated ion activity products for calcite (Ca 2+ ,

2 )
C03 show that soil solutions can be over
saturated more than 15-fold with respect to calcite 
solubility. The oversaturation, which pushes pH 
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30 Weeks after submergence- 9. Kinetics of water-soluble Mn- . IRRI, 1987. 

20 

In the initial stages after flooding, reduction 
produces Fe 2+ and Mn 2+ faster than carbonate10 precipitation removes these ions from solution. 

0 
'This can produce high oversaturations of rhodo
chrosite and siderite. For the acid Luisiana, neutral

4 8 12 0 4 8 12 Maahas, and calcareous Pila soils (Fig. 8, 9),
Weeks after submergence oversaturations were 100-fold for siderite and 60

8. Kinetics of water-soluble Fe 2' . IRRI. 1987. fold for rhodochrosite. After peaking, Fe2+ and 
Mn 2+ decrease in concentration but remain well 
oversaturated, except Mn 2+ in the acid Luisianavalues higher than predicted by solubility equi- soil. Apparently, blocking of crystal growth siteslibrium, is likely caused by blockage of crystal by organic matter is important for Fe2+-Mn 2+ 

growth sites through adsorption of very small carbonates as well as for calcite. In the Luisianaamounts of soluble organic matter, soil, high in Fe and low in Mn, the coprecipitationIn acid soils, the production of OH- increases of Mn into Fe-carbonates reduced the Mn 2+ 

pH. This increase is limited by the precipitation of concentratiotis below the solubility of rhodoFe(ll) and Mn(li) carbonates, occurring at about chrosite. Such coprecipitation can lead to MnpH 7. deficiency when the Fe:Mn ratio and partial
At the Eli and ionic concentration found, siderite pressure of CO2 are high.(FeCO3) and rhodochrosite (MnCO0) control the Soluble Fe can be toxic to rice at concentrations

solubility of Fe 2 +and Mn n the Luisiana, observed in the Luisiana and Burabod soils. ButMaahas, and Pila soils. Pure siderite and rhodo- the relationship between Fe concentration in thechrosite, however, are not likely to form. soil solution and Fe toxicity is complex. Symptoms 
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have been observed at Fe concentrations from 45 second lowland rice crop is short. Under aerobic 

to 1,700 g/liter. Fe toxicity apparently is often conditions, ferrihydrite, a poorly ordered species of 

caused by nutrient imbalances and physiological Fe(OH) 3, forms. The oxides of Mn and Fe formed 
disorders, rather than by increased Fe in the soil upon drainage and oxidation are likely to vary in 
solution. Preflooding potentially Fe-toxic soils composition and to crystallize poorly. 
and or organic matter amendments (higher partial 
pressure of CO2 ) and planting after tie decrease in SOIL STRtCTIt RF [VAI.TATION IN ItIZON. 

Fe2' due to FeCO 3 precipitation are recommended. PHII.IPPINFS 
In the acid sulftc soil from Burabod, Fe and 

Mn in soil solution were controlled by mineral Ensuring the productivity ofupland crops after rice 
phases of FeS and MnS because pH increased too is difficult because soils differ in physical require
little for FeCO 3 precipitation. Sulfate, however, is ments for the crops. After rice, when excess water 
reduced at a lower Eli than Fe(lll) and Mn(IV), so evaporates, ricefield soil isusually hard and blocky. 

2Fe2> and M n , increased, then decreased because This affects the upland crops' seed emergence, root 
of FeS precipitation. The Fe 2 concentration in the penetration, and water availability. Soils of Luzon, 

Burabod soil decreased to less than 50 mg/liter Philippines, were inventoried to evaluate their 
because of a high initial concentration of soluble suitability for upland cropping. 
S042- (Fig. 10). More than 2,000 mg SO4

2 Uliter We sampled topsoiis from 250 sites in the major 
was available to supply S-. Mn decreased to vcry Luzon rice-growing areas and analyzed their 
low concentrations by precipitating as MnS or structure, linear shrinkage, and 1500-kPa water 
coprecipitating with FeS. retention. 

With drying, Fe and Mn carbonates oxidize to Water stability of aggregates. A water coherence 
form oxides and hydroxides. Not much, however, test determined aggregate stability. The water 

is known about the mineral phases of Fe and Mn coherence of soil aggregates is related to the 
when flooded soils are oxidized. Pure Fe(OH)3 and intraparticle and interparticle bonds, which deter-
MnO, are not likely to form. At Eli values between mine the reaggregation potential. 
those typical of flooded soils and those of wll- Five classes, based on the behavior of dry, wet, 
aerated soils, the stable form of Fe(Ill) isFe3(OH)8, and remolded aggregates in water, indicate in
containing Fe(lll) and Fe(ll). At higher Eh, creasing stability from class I to 5 (Fig. 11). 
Fej(Ol-1)8 is not stable, athough some may persist Soils of class I have a weak structure and tend to 
in drained ricefield soils depending on the water form an unstable dense soil mass. Tillage of class I 
regime, especially if the turnaround time for a soils iseasy and can produce a favorable structure 

for a wide range of moisture content. But class I 
soils easily slake, so heavy rains can destroy their 

S04 
2"(mglliter) structure and erode them. Thin crusts may form, 

80 	 Lu, ioa 400 ,aoS . impeding seed germination. 
FI*od - "- For class 5 soils, tillage is easy only in a small 

400 200 	 range of soil moisture content (minute soils). 

- Tillage at low moisture content requires high draft 
0 I 1 power and produces large clods, while high 

oo-0 P,01-' Bud ,,moisture contents cause only plastic deformation 
800A Pio16oo- , 	 of the soil material. Root penetration might be 

400- " limited for upland crops.
400- 800 	 The soil aggregate stability for Luzon isshown in 

12. Class I soils occur only in coastal saline
[Figure

0 4 8 12 0 4 8 12 areas, where high Na content helps disperse 
Weeks ofter submergence particles. Class 2 and class 3 soils are found mainly 

2
10. Kinetics of waler-soluble S0 4 - in 4 soils under moist but in Central Luzon, while other areas have highly 
well aerated and flooded conditions. IRRI, 1987. stable soils with high reaggregation potential. 
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i s12. Soil aggregate stability of rice soils in Luzon, Philippines,
Observe flocculation 1987. 
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I I clay content was positively correlated (r2=0.41)
ClassO ClassO with LS. 

The increasing clay content in the downstream!1.Water stability test for aggregate classification (adapted

from Greenland et al 1975, and Emerson and Foster 1985). 
 direction of the Cagayan Valley matches increasingIRRI.1987. LS values (Fig. 13). LS coefficients of more than 

0.20 were also found in Bicol, around Laguna de
 
Bay, and in parts of Ilocos. These values indicate


On the IRRI farm, though soil aggregates the development of structure by the segregation of

belong to class 5, they easily disperse when irrigated soil particles; hence, the term "segregate" can

with deep well water. The high Na content (up to indicate the processes involved for this particular
100 mg/liter) of irrigation water front some deep kind of aggregate. These soils also have vertic and 
wells disperses particles on the surface, leading to self-mulching properties.
thin silty crusts that hamper water penetration and Moisture retention at 150 kPa. The moisture 
seed germination, retention at pF 4.2 as the lower limit of plant

Linear shrinkage. After equilibrating sieved soil accessible water indicates the primary structure of 
at the equivalent moisture content of 33 kPa on soils unchanged by tillage. Low values indicate low 
ceramic plates, standardized aggregates were content of fine-textured particles, mainly clays and 
formed with a plastic mold. The length of a organic matter. 
specimen was 125 mm with a semicircular diameter In these 250 soils, moisture retention at pF 4.2 
of 18 mm. After initial air and final oven drying at correlated (r2 --0.66) with clay content. 
110 *C, the linear shrinkage (LS) of each artificial Figure 14 shows the distribution of soils 
aggregate was measured. according to water retention. Values of <25% 

LS is related to clay mineralogy, clay content, water retention were found in Central. Luzon,
and organic matter content. In these 250 samples, whereas values of >25% were prevalent in the 
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downstreatm area of rh'- Cagayan Valley, the Bicol 
Region, and parts of Ilocos. 

Computer modeling of soil structure. Of the 250 
samples, 180 were analyzed for chemical and 
physical parameters. These data were used to 
establish a computer modeling system to predict N 
the previously determined water stability of soil ,r- 1 
aggregates. Daia on amorphous and crystalline Fe 
have not vet been included in this database, 
although they are effective cementing agents. V 

l)iscriminant analysis determined that the l'ol- '7 

lowing data best delineate the aggregate stability 
Classes: 1 

pH (HO) V
 
p1 (I N KCI) Predicted
 
" 
 • •IclossificationFc, .0 0* Closs IOrganic C 0 '7'7V Cass 2 

Total N o V Class 3
 
F-xchangeable cations V Gloss 4
a Class 5 

Na
 
K
 
Mg 
Ca )
C EC "
 

Available P (Olsen) 15. Predicted soil aggregate stability of rice soils in Luzon, 
Ayailable Zn Philippines. 1987. 



Most parameters relate to the net charge, exchange 
capacity, exchangeable cations, and organic 
matter, 

Soil texture (sand, silt, clay contents) has not 
been selected as ,tdiscriminating parameter. The 
median value for the clay content of the 180 soils is 
35(,'. Above a certain clay content, difference in 
texture seems not to affect aggregate stability. The 
model predicts aggregate stability based on the 
water coherence classes, with a confidence limit of 
70('j. 


The mode! was applied to data from soils 
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compiled by the Agronomy Department from the 
same region but different sites. The results are 
shown in Figure 15. The pattern of structural 
classes is similar for both data sets (compare 
Figures 12 and 15). For Central Luzon, the 
Agronomy Department data generally indicate a 
lower class than do oi.r data. The average clay 
content of Agronomy Department soils is higher 
than in our samples, while the pH, organic C,CEC, 
and exchangeable cations are lower. 

This model for classifying soil structure can be 
used to assess sites for upland cropping. 
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COMPARISON OF TOTAL NITROGEN LOSS AND 
AMMONIA VOLATILIZATION USING SIMPLE 
TEC1HNIQUES 

Data on NH3 volatilization loss, determined from 

measurements of windspeed and excess NH 3 con-
centration over the background NH 3, and total N 
loss determined by 5N-balance techniques were 
obtained in San Marcelino, Zambales, Philippines 
(very low cation exchange capacity [CEC],
5 meq/ 100 g soil, Angeles loamy sand soil), in the 
1987 dry season (DS). The difference between total 
N loss and NH3 loss was estimated as the 
nitrificatton-denitrification loss. 

High NH3 volatilization was recorded in San 
Marcelino between 1400 and 1600 h for 6 d after 
urea surface application at 80 kg N/ha into the 
floodwater (Fig. 1). NH3 loss was 0.3 kg/ha per h 
on day 1,peaked on day 4, and lasted up to day 6. 
These periods coincided with daytime fluctuations 
in floodwater temperature (Fig. 2) and floodwater 
pH (Fig. 3). Maximum windspeed of 5 m/s was 
recorded on day 6 and 3.7 m/s on days 1-5. Total 
N H3 flux determined by a simplified technique was 
19%-15 kg N/ha out of 80 kg N/ha applied. 

Measured NH3 flux density was correlated with 
the product of windspeed and the difference 
between NH1 concentrations infloodwater and inair. Highest cumulative NH3 volatilization loss was 

NH3-N flux (kg/ha per h) 
08 

0.6 

0.4 

DayNight 

02 


o 

.... 7 1 1 2..Days after .fertilizaion 


i. Ammonia fluxes from the circular plot as measured bymicrometeorological technique. San Marcelino, Zambales,
Philippines, 1987 )S. 

Temperature (OC) 
36 

32 

28 

Wo
 
Wind.peed (m/s) 
5
 

4- DayNight 

3 _
 

2 

1 

0_-- _ 
1 2 3 4 5 6 7 

Days after fertilization 
2. Diurnal fluciuations inwindspeed and floodwater temperature in an unreplicated circular plot. San Marcelino, Zambales,
Philippines, 1987 DS. 

pH80
 

7.5
 

7.0 

0 1 2 3 4 5 6 7 

Days after fertilization 
3. Diurnal fluctuations in floodwater pH in the circular plot.
San MMarcelino, Zambales, Philippines, 1987 DS. 

with surface-applied urea (Fig. 4) and lowest with 
urea incorporated into the soil without standing 
water. At 53 kg N/ha, incorporation of urea intothe soil with 5 cm water or surface application 

resulted in high NH 3 loss. 
Total N loss was lowest (14%) with deep

placement of urea supergranules (USG) in loamy 
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ZNH3 loss(% lowest (29-39%) when urea was surface-applied
01into water at 11 d after tramplanting (DT).40 -53 kg N/ha 80 kgN/ha 	 Surface-applied fertilizer, although producing high

N1H3 volatilization loss:s, gave low nitrification
denitrification35 - losses. USG deep placement was 

B twith water superior in minimizing N losses in loamy sand.30 -	 Total i5N recoveries under different treatments 
LS~ooe,LS20o5 
 at 30 DT showed that deep placement gave the 

25 highest total recovery (Table 2). Surface applica
tion or farmerE'split gave higher total 15N recovery 

20 - A"° (29-35%) than researchers' split (18-24%)because
of the higber N uptake of the plant material 

15 - excluding roots. 
1R64 yield response to applied fertilizer over the 

10 no fertilizer-N treatment was 2.1 t/ha (Table 3).
Researchers' split without water gave significantly 

wittoutwater 	 higher yield than the two other application
methods. Yield with deep placement of fertilizer 

0 2- 6 _was no better than that with researchers' split0 2 4 6 8 100 2 4 6 8 10 without standing water. 
Days afterfertiization 

4. Cumulative NH.1 loss as affected by fertilizer management

practices in San Marcelino, Zambales, Philippines, 1987 DS. 
 DIFFUSION MECHANISMS ASSOCIATED WITH8&I = broadcast and incorporated. AMMONIA VOLATILIZATION IN LOWLAND RICE 

Molecular diffusion of ammonia from floodwatersand (Table I).Total N loss was significantly lower into the atmosphere. NH 3 diffusion rates into the
(65-71%) with farmers' split surface-applied urea atmosphere were estimated by micrometeorologi
than with researchers' split urea incorporated into cal techniques after applying 80 kg N/ha as urea
the soil (80-82%). Estimated nitrification- into the floodwater in farmers' fields in Calauan,
denitrification was maximum (50-56%) when urea Laguna (1986 and 1987 	DS), in Aguilar, Panga
was incorporated into the soil without standing sinan (1986 DS); and in San Marcelino, Zambales 
water, followed by incorporation into soil with (1987 DS). Diffusion coefficients were computed

5 cm water, Nitrification-denitrification loss was 
 using diffusion rates and concentration gradients 

Table 1. Relationship between total N lon and NH 3 volatilization. San Marcelino, Zambales, Philippines, 1987 DS. 

N Water Total NH 3 EstimatedApplication method rate depth N loss loss nitrification. 
(kg/ha) (cm) 1%) l%) denitrification

lossa (%) 
Researchers' splitb 76 14
Researchers' splitb 

53 0 	 62 
53 5 80 30


Farmers' splitc 53 5 	
50 

65 26 39
Rc.carchers' splitb 80 0 80 10 70Researchers' splitb 80 5 82 26Farmers' splitc 80 	
56 

5 71 42Deep placementd 53 0 14 0 
29 
14


LSD 0.05 	  - 11 14 _
Farmers' split in circular plote 80 5 79 19 
 60
 

aBy difference. b2123 basal + 1/3 at 5-7 d before panicle initiation (DBPI). c2/3 at 10 d after transplanting (DT) + 1/3 atbooting. dUrea supergranules. eUnreplicated treatment. 
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Table 2. Recovery of 15N-labeled urea at 30 d after transplanting (DT) in soil and plant as affected by application rrethod 
and water depth. San Marcelino, Zambales, Philippines, 1987 DS. 

N Water Recovery (%)of 15 N-labeled urea 
Application method rate depth Plant Total N + Unaccounted Total 

(kg/ha) (cm ) oot s fo r 
roots for 

Researchers' splitaResearchers' spit8 53
53 0

5 
5
5 19

15 76
80 24

20 

Farmers' splitb 53 5 15 20 65 35 
Researchers' splita 
Researchers' split0 

80 
80 

0 
5 

4 
5 

16 
13 

80 
82 

20 
18 

Farmers' splitb 80 5 12 17 71 29 
Deep placementc 53 0 6 80 14 86 

LSD 0.05 - 4 10 11 11 
Farmers' split in circular plotd 80 5 8 13 79 21 

aUrea broadcast and incorporated (B&I) basally. bUrea topdressed at 11 DT. CUrea supergranules. dUnreplicated. 
a+ 

Table 3. Grain yields of IR64 as affected by N application 
method and water depth. San Marcelino, Zambales, 
Philippines, 1987 DS. 

N Water 
Treatment rate depth YieNd 

______________________________(Kb/ha) (cm) (t/ha) 

No fertilizer N 0 - 2.8 
Researchers' splita 80 0 5.0 
Researchers' sVlito 80 5 4.5 
Farmers' split 80 5 4.5 
Researchers' solit a 120 0 5.5 
Researchers' split a .20 5 4.9 
Farmers' splitb 120 5 4.5 
Deep placementc 80 - 5.2 

LSD 0.05 - - 0.6 
Farmers' split in circular plotd 120 5 4.3 

a2/3 basal + 1/3 at 5-7 DBPI. b2/3 10 DT + 1/3 at boot-
ing. c2 3 deep placement of USG + 1/3 at 5-7 DBPI. 
dUnreplicated treatment. 

across the wind-free layer contiguous to the 
floodwater. 

Estimated diffusion rates were highest at midday 
and lowest in the morning and evening at all sites. 
Concentration gradients showed a similar trend. 
However, diffusion coefficients were lowest at 
around midday, when diffusion rates were highest. 

Downward diffusion of ammoniacal nitrogen 
from floodwater into soil. Experiments in Calauan, 
Laguna (clay soil), and San Marcelino (loamy sand 
soil) in 1987 DS examined the influence of soil 
texture on the movement of NH4+-N from flood-
water into the soil. The movement of applied 
fertilizer NH4+-N was investigated by monitoring 
the 2N KCl-extractable NH4+-N concentrations in 

Table 4. Concentration profiles of fertilizer NH 4 +-N 
(treatea-control) on dif4 ,rent days (1-7) after urea applica
tion to floodwater. Zambales and Laguna, Philippines, 
1987 DS. 

Soil depth 1 NH 4 +-Na (pg/g soil)(c 'n) 2 3 4 6 7 

San Marcelino (loamy sand) 
0 - 2.5 78 101 125 138 94 68 
2.5- 5 10 18 17 17 22 37 
5 -15 ND ND 3 12 5 ND 

15 -30 ND ND T T T T 

Cala-1an (clay) 
0 5 106 154 144 195 155 
5 -15 40 7 18 13 24 

15 -30 15 3 8 ND ND 

aND = not detectable, T = traces. 

the soil profile until 7 dafter applying 80 kg N/ha 
as urea to the floodwater. 

NH4+-N movement, presumably by diffusion, 
was greater into clay soil than into loamy sand soil 
(Table 4). NH4+-N concentrations in the top 0- to 
5-cm soil layer increased until 4 d after fertilii.er 
application, and then decreased in both soils. 
Concentrations were either not detectable or only 
traces in the 15- to 30-cm layer of loamy sand soil 
until 7 d. 

Upward diffusion of fertilizer ammoniacal 
nitrogen from soil to floodwater. The interaction 
effects of temperatures and soil textures or, NH4+ _ 
N diffusion from the soil to floodwater were 
studied in the IRRI phytotron in 1987 DS. 
Ammoniacal-N concentrations in the floodwater 

http:fertilii.er
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were monitored until 10 d after urea incorporation Ammoniacal N(ppm) infloodwater
 
(80 kg N/ha as urea) into the top 0- to 5-cm soil 8 C
 
layer. *caoy 0
 

')oil textures (clay and 	 6Soi sandy clay loam) and -	 28/2. c 
temperature regimes (22/17 'C, 28/26 'C, and a 33/28c
 

33/28 C) showed strong interactions (Fig. 5, 6). 4
 

Higher NH 4 '-N concentrations in the floodwater ob.b a
 
for sandy clay loam soil than for clay soil indicated b.b, a
 
greater upward diffusion rates from a coarst;
 
textured soil. However, this difference was not 0
 

observed after day 5 at 33/28 'C. At 22/117 °C, 14
 
NH4 '-N in the floodwater gradually increased in 
 Sandy cloyloom aclay, but was faster in sandy clay loam. At 33/28 12 - 0 0

0C, Nl 4 '-N concent,ation in both soils peaked a
0 
within 2 d, and then declined rapidly. Temperature 10
 
differences were more apparent with sandy clay
 
loam than with clay. 8
 

DIRECT FIELD MEASUREMENT 

Denitrificat ion as amechanism of N loss in flooded c c
 
rice soils isdifficult to measure directly because the 2 
 c 
atmosphere contains 78% N2, the main end
 
product of denitrification. 0 1 .
 

Days after fertilization
 
Ammoniacol N (ppm) in floodwater 
 6. Effect of tempertur. on floodwater ammoniacal N con14 centration, IRRI phytotron, 1987 DS. Within a soil, bars on a ,.. given day with a cofmon letter are not significantly different. 

12 j 
", ,',' xWith 	 International Fertilizer Development 

lo / ,', 	 Center (I FDC) collaboration, field studies in DS at
the Maligaya Rice Research and Training Center 

/,(MRRTC), Mufioz, Nueva Ecija, directly assessed 
---- oSadycayloa.i denitrification in continuously flooded lowland 

/ /.. Cly 	 ricefields. H-ighly enriched 15N-labeled urea was6 -	 0

/ 	
0 22/17 C applied to 40- X 40-cm microplots bordered by

28/26 °C
/ .lt' ,, 3 3 /28oc	 40-cm-deep metal frames, with 10 cm of the metal 
border remainirn above the soil surface to prevent 
runoff. The evolved and N20 gases wereN2 
collected from plexiglass chambers floating on the 

2  floodwater, then processed and analyzed for 15N 
content using methods developed by IFDC. 

o, "H. ___ -- The first experiment compared two methods of 
0 1 2 3 	 4 5 6 7 8 9 10 basal broadcast and incorporation (BB&I) of 58 kg

Days after tertilization urea-N / ha: I) with 2 cm standing floodwater, and5. Effect o soil texture on ammoniacal N concentration in the 2) without standing floodwater. The fluxes of (N2Iloodwater at diffeient temperature regimes, IRRI phytotron, 151987 )S. The asterisk means significantly different from clay + N 2 0)- 1 N during 'he 17 d following urea applica
soil values at the same temperature on the same day. tion were less than 100 g N/ha per day for both 
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urea application methods, except for I sampling at 
15 DT (Fig. 7a). The cumulative recovery of(N 2 + 
N20)-'5 N was much smaller than the total 15N loss 

5Measured (N2 +N 2 0) - N (g N/ha per d) 

100 a B(Tableo asol boadcas and ncoporafed 

80 * Who0e,,SV1G ,

80Wiu 


r0 --- BgN/h°°pp d 

40 -, 

20 

0 

0 3 6 9 12 15 18 

100 
b BadcastInto flodwafr 

80 
60 - 44kgN/ho opplied 

60 - I 

s=116 


40 

20 

0 I I I i ]
10 13 16 19 22 25 28 

Days after transplanting 
7. Effect of urea application method on measured (N2 + N20)-
'"N flux. Maligaya Rice Research and Training Center, 
Mufio7. Nueva Ecija, Philippines. 1986 DS. 

Table 5. Effect of urea application method on 15 N recovery 
Center (MRRTC), Mulioz, Nueva Ecija, Philippines, 1986 DS. 

Experiment no. Urea applicationa 

1 BB&I with water 
BB&I without water 

2 10 DT 

as determined from unaccounted for '5 N in the "N 
balance after 18 d (Table 5). Whereas 49 and 26% 
of the urea N incorporated with 2 cm water and 
without standingi water, respectively, were un
accounted for after 18d, only 1.13 and0.21%of the 
added urea N was recovered as (N2 + N20)-15N 

5). These recoveries corresponded to only2.8 and 0.8% of the total 15 N loss. 

In a second experiment, N loss was measured 
from the equivalent of 44 kg urea-N/ha broadcast 
into 5-cm deep floodwater at 10 DT. The highest 
flux of (N2+N20)-'N during the 17-d period
following urea application was 103 g N,/ ha per day
(Fig. 7b). The cumulative recovery of (N2 + N20)
15N over this period was only 0.52% of the added N 
(Table 5), whereas total 15N loss of applied urea N 
from the soil-plant-floodwater system was 46%. 
(N2 + N20)-15N recovery corresponded to only 
1.1% of total 15N loss. 

DIRECTLY MEASURED DENITRIFICATION ANDAMMONIA VOLATILIZATION LOSSES 

With I FDC collaboration, denitrification and N H3 
volatilization were simultaneously measured in 
Calauan in 1987 DS. Urea was broadcast at 80 kg 
N/ha into 5 cm of standing floodwater at II DT. 
Ammonia volatilization was measured by the 
micrometeorological technique. Denitrification
loss was measured by collecting the N gases (N2
and N20) evolved from added 67 atom % 15N
labeled urea and then analyzing the gases for ' 5N 
content. A reference treatment with 22 atom % 

'5N-labeled potassium nitrate broadcast in 3 doses 
of 10 kg N/ha was included to calibrate the 
denitrification measurement. 

18 d after fertilization. Maligaya Rice Research and Training 

Unaccounted f ir Direct recovery of 
15Nb (N2 + N2 0).15Nb 

(%of applied N) I%of applied N) 

40 1.13 
26 0.21 
(2.0) (0.28) 
46 0.52 
(2.8) (0.15) 

aBB&I = urea basal, broadcast and incorporated. DT = days after transplanting. bNumbers in parentheses are standard 
Prrors of mean. 
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Tile directly measured (N2 + N20)-15 N flux from 
urea was very low and slightly exceeded 40 g N/ha 
per day only once during the 20 d following 
application into floodwater (Fig. 8a). Cumulative 
recovery of (N-+ NO)- 51N was only 0.12%4, of the 
added urea-N (T'able 6). In comparison, 45% of the 
added N \was unaccou,nted or in tile 15N balace 
dectermined upon completion of' flux measure
ments (lable (0). 

loadcasting potassium nitrate in the reference 
treat lenl gave a much higher (N2 + N20)-' N flux 
lhar that with urea, even though the application 
rate was lowcr (Fig. 8b). The highest measUred (N2 
f N(O)-5N flhx from added NO, _15N was 1,650 g 
N ha per day. Nitratc-N was added in 3 equal 
increniu.'nts at 5-d intervals to ensure a gas flux 
throughout tle 20-d sampling period. The cumu-
lative recovery of the added NO, -15N as (N, + 

wts 38(1 (Table 6). In comparison, 80/ 
of the added NO3 -' 

5N was unaccounted for in tile 
15N balance. Since leaching was apparently neg-
ligible and runoff loss was prevented by microplot 
borders, unaccounted for 15N in the NO3 treat-
ment V,,as to byassumed represent total N loss 
denitrification. However, directly measured (N2 +N2

()-1 5N represented only 48j of thle total un-
accounted for 5N. These findings suggest that 
measured (N2 + N2O)-1sN underestimated total 
denitrification. 
Ammonia volatilization loss measured with thesimplified horizontal transport technique was 9%ofthplied uorezonaNl Atsan eousrt5N baanewas9% 

of the applied urea-N.A simultaneous 15N balance 

revealed that total N loss as determined from 
unaccounted for 15N was 43% of'the applied urea N 
(Table 7). This agreed closely with the 45% total Nl 7(kg/ha)
loss obtained in microplots used for measurement 
of denitrification (Table 6). l)enitrification loss 
estimated by difference between total N loss and 
measured NH3 loss was 34% (Fable 7), whereas 
denitrification estimated from direct recovery of 
(N2 + N)-'N was only 0.12% (Table 6). 

T'he results for the nitrate reference treatment 
(Table 6) indicate that tile measured (N2 + N20)-
15N flux underestimates total denitrification loss, 
presumably because of incomplete release of gases 
from the soil. Assuming that the measured (N2 + 
N20)-'N flux from urea represented only 48 of 
the total N loss by denitrification, as in tile nitrate 
reference treatment, total denitrification loss from 
urea would still be less than l%. The large 

Measured (N2 +N20)- 15N(gN/ha pet d) 

40 B a Urea 

Opplied
 

30 

20 

j 
/ 

oo-1k/ho 

1500 amed 
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1200 1 k 
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900 
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300 

0. 
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Days aftertransplanting 
8.Effect of N source on measured (N, + N20)-1iN flux. 
Calauan, Laguna, Philippines, 1987 DS. 

Table 6. Effect of N source on (N2 + N2 0).1 5N flux and
total Nloss. Calauan, Laguna, Philippines, 1987 DS. 

N Total N Direct recovery of 
Nsource rate loss 1%uf (N2 + N2 0)-15 N

applied N) (%of applied N) 

Urea 80 45 0.12Potassium nitrate 30 so 38 

discrepancy between estimates for denitrification 
(Table 6, 7) emphasizes the need to improve 
techniques to measure N losses. 

The NH3 concentrations and windspeed 
obtained with simplified horizontal transport 
techniques were used to calibrate the bulk aero
dynamic technique to estimate NH3 losses from 
various urea fertilizer management treatments. 
Ammonia loss estimated by the bulk aerodynamic 
technique ranged from 7ero fordeep-placed urea to 
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T~ible 7. Relationship between total N loss and NH 3 volatilization. Calauan, Laguna, Philippines, 1987 DS. 

Water Total N Estimated 
Application method Rate depth loss NH3 loss enitrification 

(kg/ha) (cm) 1%of applied N) (%of applied N) lossa 

1%of applied N) 

Researchers' split b 53 0 39 10 29 
Researchers' split 53 5 56 18 38
 
Farmers' splitc 53 5 45 27 18
 
Researchers' splitb 80 0 50 7 
 43 
Researchers' splitb 80 5 50 15 35
 
Farmers' split c 80 5 55 16 39
 
Deep placementd 53 0 3 0 
 3
 

LSD (0.05) - - 9 3 -

Farmers' splite in circle 80 5 43 9 34
 

aBy difference. hBB&I. CBroadcast at 11 d after transplanting. durea supergranules. eUnreplicated treatment. 

27% for 53 kg N/ha broadcast into floodwater at Nloss (kg/ho) 
II DT (Table 71. The estimated denitrification 40 

losses obtained by differences between unac- (2)O 
counted for 5N in 15N balances and estimated NHj3 0 " 
losses ranged from 3 to 43%. Except with 53 kg 30 --- o UO 
N/ha broadcast at II DT, the estimated denitri- 0 U----Urea+PP0O 

fication loss was greater thai, the estimated NH 3 
volatilization loss. 20 

(23) 

POTENIAl. YIELD INCREASE FROM ELIMINATION 
0 
(16) . 

OF GASEOUS FERTIL.IZER-NITROGEN LOSS 10 

(17) 
L.owland ricefields can lose substantial amounts of 
urea-N by Nil. volatilization and denitrification. 01I I 
Urease inhibitors could overcome NH 3 volatiliza-| 1371 
tion, and nitrification inhibitors could reduce 4 7986 
nitrification-denitrification. However, no known 40 
inhibitor completely prevents all gaseous N loss of 
applied urea-N. Field 15N balance studies with urea (25) 
in Pila, Laguna, in collaboration with IFDC, 30- 1341 / 
examined the potential N savings and yield 0 
response with a hypothetical ideal inhibitor. 

An ideal inhibitor would completely eliminate 20 
gaseous loss of applied urea-N with no effect on , 
rice other than increasing the availability of , (20) 
fertilizer-N. The unaccounted for 15N in '5 N 10 " 

balances with urea would represent gaseous N loss 1151 
and hence the potential N savings, since runoff and ... 13) 

leaching losses were negligible.0(13) 
Figure 9 shows that the N loss and hence the 0 30 60 90 120 

potential savings in urea-N consistently increased Nrote Jkg/ho) 
with increasing N rate. In 1985, the potential urea- 9.Effect of N rate on the gaseous loss of urea N applied to 

Nsavings were 17, 23. and 29% at 30, 60, and lowland rice in Pila, Laguna, Philippines, 1985-86. PPD =phenyl phosphorodiamidate. Values in parentheses represent120 kg N/ha, respectively. In 1986, they were 13, N losses inpercent of applied N. 
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34, and 37% at 40, 80, and 120 kg N/ha, 
respectively. Amendment of urea with the urease 
inhibitor phenyl phosphorodramidate (PPD) 
reduced but did not eliminate N loss (Fig. 9). In all 
cases, the urea was split broadcast into floodwater 
at 16 or 18 DT and at 5-10 d after panicle initiation 
(DAPI). 

Groin yield (t/ho) 

78%.
 

-----Y-- 

6 

5 114 

4 

SObsedrponse 
:3.88+OO44.*N-QOOOl?*A 

Y...6+Potnotlrsone 
y- 3 6 + 0056*N- 000027*N 

3 
0T 

0 30 60 90 i20 
Nrate (kg/ho, 

10. Comparison of obscrsed yield response of lowland rice to 
applied N and potentia; yield response with complete elinina-
tion of gaseous N loss. Pila. La'una, Philippines, 1985 DS. 

Figure 10 illustrates the observed response and 
potential response estimated with elimination of 
the N loss from urea reported in Figure 9 for the 
1985 experiment. The potential yield increase with 
complete elimination of gaseous N loss can be 
calculated as the difference between potential yield 
and observed yield at a specific N rate. In 1985 
(Fig. 10), the maximum possible yield increase was 
0.4 t/ha at 75 kg N/ha, or 6%. In 1986, the
maximum possible yield increase was 0.5 t/ha, or 

COATED UREA FERTILIZERS FOR LOWLAND RICE 

Sulfur-coated urea (SCU), an effective Nfertilizerfor rice, is expensive because it requires largeamounts of S, sealant, and conditioner (20% by 

weight of urea). Increasing the urea granule size 
would decrease the quantity of coating per unit 
weight of urea. 

Four SCU fertilizers prepared with 4.4-mm
diameter urea granules by IFDC (Table 8) werecompared with conventional 2.0-mm-diametcr 
granular SCU (designated SCU-21 because of its 
21% 7-d release rate in water) and prilled urea (PU)
in Mufloz, Nueva Ecija, Philippines. All SCU 
fertilizers reduced urea and NHi contents in the 
floodwater after basal incorporation with 2-cm 
standing floodwater (Fig. 11). SCU-43 and SCU
36 (not shown in Fig. 11) were as effective as 
conventional SCU-21 in completely elirinating
the escape of urea to floodwater and the accumulation of NH3in floodwater. The negligib~e pNH 3 

suggests that they completely eliminated urea-Nloss by NH 3 volatilization. Since SCU-43, SCU-74, 
a n t"difeeSCU-93 
and SCU-93 essentially differed only in quantity of
sealant and conditioner, the greater effectiveness of 

Table 8. Properties of sulfur-coated urea (SCU) fertilizers prepared by the International Fertilizer Development Center
(IFDC). MRRTC, Mufloz, Nueva Ecija, Philippines, 1986. 

N source -

N 

SCU-21 37 
SCU-36 39 
SCU-43 40 
SCU-74 40 
SCU-93 41 

ana = not available. 

Compositiona 1%) Urea granule 7-d release rate
diameter in water 

S Sealant Conditioner Total coating (mm) (%) 

15.6 na na 20.1 2.0 21
14.8 0 0 14.8 4.4 36

9.1 1,2 2.1 12.4 4.4 43
9.0 1.0 1.7 11.7 4.4 74
9.1 0 0 9.1 4.4 93 
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Urea remaining (%) pNH3(Pa) 
70 - 07 

06 
0 Urva 

50 V SCU-93 0.5 

V SCU-74 4 IIL LSDO0(Ot compare 2Nsourcemons at each 

20'0
 I0
6 8 

iL,.Ioas t°° O0 Cc~fl0e 2 N Scuce L45 


100 2-- means oteach samplng)
 

200 

Days after N application
II. [lecct of Sullr coating on urea remaining in floodwater and parlial pressure of amnonia (pN1t)alterthe application of 90 kg urea N ha hefo re transplanting. Mufio/,Nueva Ecija, Philippines, 1987 I)S. 

SCU43 in preventing pNH3 (Fig. I I) suggests that 
sealant or conditioner may be essential to corn-
pletely eliminate NH3 volatilization when the S 
content is reduced to 9%. 

Another way to decrease urea coating is to use 
lighter-weight coatings. Three polymer-coated 
urea (PCU) fertilizers with coatings from 3.3 
to 6.0% by weight of urea were prepared with 4.4-
rnm-iameter urea granules by IFDC (Table 9)and
included in the preceding experiment with SCU 
fertilizers in Mufioz. All 3 PCU fertilizers corn-
pletely prevented urea and pNH 3 buildup in the 
floodwater following basal incorporation at 90 kg
urea-N/ha with 2 cm of standing floodwater. The 
results suggest that they completely eliminated
ure:i-N loss by NI-I3 volatilization. 

The 3 PCU fertilizers (Table 9) were also 
compared at 3 N rates with SCU-21 and PU (2/3 

basal incorporation + 1/3 at 5-7 DBPI) at IRRI in 
1987 DS. Meangrainyieldwas0.1-0.7t/hagreater 
for PCU fertilizers than for PU. Quadratic 
responses in grain yield to applied N were used to 
calculate urea savings. Coating urea with polymer 
could dramatically reduce the quantity of urea 
required for desired grain yields of 3, 4, or5 t/ha.
Of the 3 PCU fertilizers, PCU-40, with only a 3.3% 
coating by weight of urea, was most effective. It 
was slightly superior to conventional SCU-21 in 
urea savings (Table 9). 

NITROGEN EFFICIENCY IN LOWLAND RICE 

The effect of N fertilizer application time.and 
method on N uptake and 15N balance in trans
planted (TPR) and direct seeded (DRS) lowland 

Table 9. Properties of polymer-coated urea (PCU) fertilizers prepared by IFDC and their effects on urea savings at 3 desired
grain y,'ields. IRRI, 1987 DS. 

Composition (% Urea granule 7-d release rate Urea savingsa (%)atN source diameter in waterN Total coating kmm) %) 

PCU-8 41 
PCU-13 43 
PCU-40 44 
SCU.21 37 

a Urea savings = Nu - No 

Nu 

3 t/ha 4 t/ha 5 t/ha 
6.0 4.4 8 33 18 04.5 4.4 13 26 18 113.3 4.4 40 56 49 3120.1 2.0 21 49 38 23 

X 100, where Nu = urea N (applied 2/3 basal + 1/3 at 5-7 DBPI) required for desired yield, and 
Nc = coated urea (applied all basal) required for desired yield. 
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rice wis studied at M RRTC in 1987 DS. Urea was 15Nuptake (kg/ha)
 
applied at 87 kg N/ha in all N Ireatments. A newly 80
 
develo ped p u sh -type injector for band placem en t USG,point-placed =...--.-......

of liquid urea solution was compared with con- 1at
ID
 
ventional (1313&I) application and USG point 60
 
placcntwnt. 15N kinetics and efficiency and total N
 
uptake by I1164 were established. ' N tiptake was
 
determined on six sampling dates, 
 and total N 40
 
uptake was measured each week of growth.
 

Grain yields with band placement were signi
ficantly higher than with BB&! in TPR and DSR. 20 
 P1 Flowering

With band placemcnt, a 1/3-2/3 split was better
 
than a 2/3-1/3 split (Table 10). In contrast, the2/3-1/3 split BB&! in DSR gave 0.5 t/ha more 0 - - I _ 
grain yield than did the 1/3-2/3 split. This indicates 
that, because of substantial losses and immobiliza- 60- 2/313 injectediriected atat 1414 DT- PID+ 
tion of applied N, a 1/3 dose BB&I was not 60 1/3injectedat5-7DBPI
sufficient to support early vegetative crop growth. -- 2d application
 
Point placement of USG gave yields between those 
 4
 
of BB&I and band placement. 40 /


Plant 15N recoveries were highest with either 1stapplication
band or point placement (Fig. 12, 13). The effect of
 
higher fertilizer N uptake with band placement was 
 20 

/ f.Flwein5 

P1 Foei 
and direct seeded 0

Grain yield of transplantedTable 10. 

(hill-wise dibbled and row seeded) IR64 rice as affected 60
 
by N fertilizer (USG) application timea and method. 
 2/3 BI (basal) +Mufioz, Nueva Ecija, Philippines, 1987 DS. 1/3 broadcast at 5-7 DBPI 

Grain 40
 
treatment 
 yield -

(t/ha) 

Transpian ted 20No fertilizer N 3.3
 
2/3 BB&I + 1/3 at 5.7 DBPI broadcast 7.6

2/3 at 14 DT band-placed + 1/3 at 5-7 
 8.0 

-DBPI band-placed 0 I- I 1/3 at 14 DT band-placed + 2/3 at 5-7 8.2 0 20 40 60 
I 

80 100DBPI band-placed Days after transplantingAll USG point-placed at 1 DT 1'7.8 12. 5N uptake by transplanted IR64 as affected by fertilizer 
Direct seeded (hill-wise) application time and method at various growth stages, Mufloz,
No fertilizer N 
 3.3 Nueva Ecija, Philippines, 1987 DS. DT = days after trans2/3 BB&I + 1/3 at 5-7 DBPI broadcast 7.7 planting, B&I = broadcast and incorporated, P1 = panicle1/3 BB&I -- 2/3 at 5-7 DBPI broadcast 7.2 initiation, DBPI = days before panicle initiation, USG = urea1/3 at 20 DAS band-placed + 2/3 at 5-7 3.5 supergranules. 

DBPI band-placed 
All USG point-placed at 20 DAS 8.3 

Row seeded 

No fertilizer N 3.3 especially evident in the first N application (Fig. 14)1/3 BB&I + 2/3 at 5-7 DBPI broadcast 7.3 at a growth stage (i.e., 14 DT or 20 d after seeding)1/3 at 20 DAS band-placed + 2/3 at 57 when plants had developed enough sink streigth to 
lDBPI band-placedabobNrpdy


LSD 0.05 0.4 absorb N rapidly.

LD (N application time and method also affected theaDT = days after transplanting, DAS = days after seeding, total N uptake and N status of plants. While total N 
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15N uptake (kg/ho) 

ao 
USG,point-placed at 20DAS 

60 

40 

2/3injected at 5-7 DBPi 

20 
P1 F wering 

0 __,,__ __II _0 

80 -Days 

- /3 injected at 20DAS+ 

60 -UG 

- 2d applicatigonG 

40 t 

it P eionpphl 

0 00 
0 -___ L _ ________I___ __ 

60 

2/3 Bal (basal) 4-
1/3 broadcast at 5-7 DBPI

40 

20 

"-_ 	 " Pl Flower ing 

0 J2 0 8 I 0 1 

Days after seeding 

13. 15N uptake by direct seeded 1R64 as altected by Ihrtili/er 
applic.tion time and metlhd at variOtts growth stages, Mufol, 
Nucva icija. Philippines. 1987 )S. I)AS day safter seeding. 

uptake with BB&l and point placement of USG 
were higher than with band placement during early 
growth, this was reversed at later growth stages, 
especially in DSR (Fig. 15). 'his produced marked 
differences in N content (N%) ofplant shoots (Fig. 
16). High N supply during early growth, as with 
point placement and BB&I, produced vigorous 
vegetative growth, diluting N within plant tissue 
and reducing yield potential through effects on 
panicle initiation (Pi). In contrast, early band 

15N (/) 

80 	 Drc ece 
D/rectseedd 

60 - USG,point-placed 
at 20 DAS 1/3 injected at 20 DAS 

40 

1/3 B& (basal) 

20 

Flowerin 

_ J . _ 
0 20 40 60 80 100 120 

after seeding 

8 
80G-pohnwnso-ved 

on pae
at I DT 

2/3 injected of 14bT 

40 -

Pi Flwrn 
-- F__e 

0 1! J L loerI I 

0 20 40 60 80 100 120 
Days after transplanting 

14. 15N 	 31, cd hV fertili/er applicationrecovery in phll s afc 

time and method at vauious growth stages of 1R64, M ufio/. 
Nueva Ecija, Philippines, 1987 DS. DAS = days after seeding. 
I)T = davs ifler transplanting. 

placement of 1/3 N and a subsequently high N 
dosage (2/3) before P1 ensured balanced ciop 
growth and maximum grain yield due to high N 
tissue content at PI and thereafter. 

FAF AND EFFICIENCY OF 15N-LABELIED 
SESBANIA GREEN MANURE ANt) UREA IN
LOWLANI) RICE 

Research on the effect of '5N-labeled Sesbania 
rostrata green manure on the N dynamics and 5N 
balance in lowland TPR was conducted at 
MRRTC in 1987 DS. Sesbania and urea were 
applied separately or combined at a rate of 90 kg 
N/ha. N as USG, and sesbania were applied basal 
at 90 kg N/ha. USG was hand point-placed at 
10-to 12-cm soil depth at I DT. For other 
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N (mJ/hill) ftal shoot N (%) 
500 

01irect seeded Transp/anted 

1/3 njected of 0OAS + 
2/3 ijcted at 5-7 DOPI I USG, deep placemreot at IDT 

ao4-2/3 BB! (bas.')4
400 H\1/3 

broadcast at 5-7 DBPI 
V 2/3 bard-placed at 14 DT+ 

1/3 band-placed at 5-7 DBPI 

.GO, Pomt-Placed t?fl OAS 
300 

213 B RI(asail 

200
 
1/3 Ga (basal) +
 

2/3 broadcast at 5-7 aSPI -N'appled
 

-- Transplanted,oo ,,, 
NNarplod 4F~rs-_____ 

V F . Direct seeded 

0 20 40 60 8C 100 120 0 USG, point-placed at 20'3,S
Days ofler seeding 3 V 1/3 band-placed at 20DAS+

15. lotal N optakc at \1it1(0/S as M%11 stagcs of direct seeded" 2/3 band-placed +1S-7DOPI\ \ " 00 2/3881l(asal)+IR64 as alleclcd 1v cr1 licr applicatioi tmc an1ld method. 1/3 broadcast (t 5 -7 D8P'

NIuj6 . Ntic\iafEciia. Phiippituc., 1987 l)S. IM = days after 2 
 1'36 b )+sucding. 

2/3 broadcast at 5-7 DBPI 

treatints, N was best split (2/3 N B&I into mud + 1 
113 N at 5-7 DBPI). 
 N -ppl.,d
 

Ammonia loss. The relative effect of the
 
integrated use of sesbania and urea 
 on NH3 C20- 40 60 80 100 120volatilization loss was calculated from the partial Days after seeding
 
pressure (pNH 3) of NHI in the floodwater, which, l(,. N content
t a g dspeed, is directly re to trpn.d 

in total shoot at various growth stages ofand direct seeded IR64 as affected by fertiliervlatiliaionp Hws d elatedom tohcNH, applicatin tiie and method. Mufioz. Nuevavolatilization, pNl Iwas..,, caficulated from the pH, Ecija, Philip
pines. 1987 OS. T = days after transplanting, IAS = daystemperature, and NH. -N concentration of the .utr secding.
 

floodwater (Fig. 17).
 
During initial fertilizer application, when flood

water properties highly favored NH3 volatilization 1SN balance. The highest 15 N recovery by the

loss, sesbania applied with urea gave significantly 
 plant was 66% (39% in grain + 27% in straw) with
lower pN -13 than did urea applied alone. This was hand point-placed USG (Fig. 18). Replacing 30-45 
probably because decomposing sesbania produced kg of urea N with sesbania gave similar plant 15N
enough CO2 and increased the partial pressure of recoveries of 45-51% (Fig. 19). With 60 kg
COI (pCO 2 ) in floodwater. Sinle pCO 2 is inversely sesbania-N, plant 1

5 N ,'ecovt:ty was 42%. Lowest
related to pH, reduced pH yields decreased pN-13. 1

5N recovery (30%) was obtained with sesbania 
On the other hand, the opposing process of applied alone. 
minerailiz.atior-immobilization was prominent in The estimated total N loss was lowest (11%) with
combined application, which kept the floo,!-,sater USG. Urea applied alone accounted for 30% loss,
NH 4 h..N level low. Thus, combined application of highest among treatments. Basal incorporation of
sesbania and urca can reduce NH3 loss from 90 kg sesbania-N accounted for 26% applied N
floodwater, loss. Combining 60 kg sesbania-N + 30 kg PU N 
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pNH3 (Pa)
 

0 -o /1 	 90N as sesbania (Sa) 

A90N as prilled urea (PU) 

010 / V 30N(So)+60N(PU)0 45N(So)+45N(PU) 

0 60N(Sa)+30N(PU) 

0.08 ...... 	 - 1 e 90 N USG 006 - /3 N applied 

1 00 
004 	 LSO 
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0 1 2 3 4 5 6 7 37 38 39 40 41 42 43 

Days after transplanting 
17. Partial pressure of "Linonia(pN H ) in the flood water at 1300-14(H) h as al,eted hv inco rporation of 
Sr's/vuian rostrala (Sa) and prilled urea (PIL). MRRTC, Nueva Ecija. Philippines, 1987 I)S. 

Researchers' split Researchers' split
(60+30 kg N/ha) (2/3 basal + 1/3 at 5-7 DBPI) 

19 % 	 Sa (8 %) 

.	 16 % Sa(27 %) * Grain 

Unacountd 	 fo 34%Unaccounted tar 

Straw (% 	 Straw 

Soil roos19% So,I . roofs t 
w, S.,,,a (13
 

-W-U0 

-


PU 30%(13%)
 
60 Sa + 30 PU 

Full basal
 
11 % (90 kg N/ha) 13.5 0/ St t
PuOo,A-;/ 	 sa 1-(13 %)

///.'-x/ (225s%)",
39% 	 1 7 %, ".8% , 

23%360/ 	 34 %)PUUP
 

27 %-(18 	 %) (225%) 
USG Sesbania 	 45 Sa + 45 PU 30 Sa i 60 PU 

19. 1'N balance 	of Sc'seania rostraia (Sa) and PU in IR64 at18. 15N balance of Se.haniaro.rata, IU.and USG in I R64 at harvest as affected Ivcombined applications olSa and PU. 
har e:;t. MRRTC, Nueva -cija, Philippines, 1987 )S. MRRTC, Nueva Ecija. Philippines, 1987 DS. 



SoIl. AND CROP MANAGIFME.NT 329 

resulted in 24% applied N loss. This higher loss 116 kg/ha and urea split at 150 kg/ha. All yielded
associated with high sesbania-N is attributed to a 6.3 t/ha, compared with an average 4.5 t/ha
nit rilication-denitritication N loss mechanism. without N.
 
Cornhined application of sesbania and urea
 
preserved more 5N as residual N than did urea
 
alone. The lowest resid tal N (19-23i ) 
wts AFHIENA OAIVI.1 NITOGN INLOWAND 
recorded with urea and ISG treatments. RICI 

Grain yield. (rain yield with coini ned sesbania 
and 'ueaeq ualed that with urea and . S(,i, but was The tall traditional variety Binato did not respond
significantly higher than that with scsbania alone to applied N. Witli the modern rice IR29723-143-3
(Table II). However, sesbania as the sole N source 2-1, the N response was at least 0.9 t/ha in both 
produced a significantly higher yield (6.3 tha) seasons. Without fertilizer N, IR29723-143-3-2-1than did the unfertili/ed control (4.8 t,ha). IUrca yielded 1.6 t/ ha in DS and I t/ha in WS more than
and II,(alone gave high straw yields, sugg,-sting lBinato. Averaging all application methods and
that combined treatments may have apportioned rates, IR.29723-143-3-2-1 averaged 6.9 t/ha and 
more dry matter to grains. Binato 3.7 t/ha in DS. In WS, the modern line 

averaged 4.5 t! ha compared with Binato's 2.1 t/ ha. 
NII)RO(GEN MANA(6IMI[NT IFOR [ ARI.Y- In )S, recommended N application methodtile 

MA IIJRING RItCI (researchers' split) significantly increased the yield

of IR29723-143-3-2-1 by I t/ha at 58 and 87 kgWe evaluated the productivity, brown rice protein N/ ha over the farmers' practice. The researchers'
(11R0), and lodging resistance of early-maturing split yielded comparably with hand point place
elite breeding lines as affected by N application ment of USG or with N deep placement by
method and rate during DS. machines.
 

Promising line IR41993-131-2-3-1 gave the 
 In WS at 29 kg N/ha, the researchers'split and
highest yield at 7.6 t ha when SCI I was applied at deep-placed N by hand or machine did not signi
116 kg N,/ ha. It also gave the highest average yield ficantly increase yields of 1R29723-143-3-2-1 over

of 6.9 t; ha, and a productivity of 77 kg rough 
 the farmers' split. At 58 kg N/ha, deep placement
rice/ha per day. However, IR42000-21 1-1-2-2-3 of tJSG by hand significantly outyielded the

had the highest BR!I at 10()5.
IBRP averaged 8.9% researchers' and farmers' split application of PU. 
over all entries. Machine-placed N gave yields comparable to that

Grain yields did not differ with N application with researchers' split application. 
method or rate, with SCU, USG, and urea split at 

FIVAI.UAION OF MACHINES FOR DEEP
Table 11. Grain and straw yields of IR64 as affected by PI.ACIMENI OF UREA IN LOW[.AND RICE 
sebania and urea applied alone or in combination. 
MRRTC, Nueva Ecija, Philippines, 1987 DS. Field experiments at IRRI compared the efficiency 

a
Fertilizer treatment Grainb StrEwc of N deep placement by machines with that of hand 
(t/ha) (t/ha) point placement of USG and farmers' and

researchers'split application of PU in lowland rice.No N 4.8 b 5.7 C90Nas Sad The effect of water depth on N fertilizer efficiency6.3 b 7.9 b 
90 N as prilled urea (PU) e 7.0 a 9.4 a when N is deep-placed by hand or by machines was60 N (Sa) + 30 N (PU) e 7.0 a 8.2 b also evaluated. In DS,the test variety, 1R64, was 

e
45 N (Sa) + 45 N (PU) 6.8 a 8.29 ab slightly affected by tungro. In WS, tungro-resistant
90 N as USG 6.9 a 9.5 a IR66 was used. 
a. b 
 InDS, the researchers' split of PU,currently the5c =
sesbania.Numbers indicate kilograms N/ha. bo most effective N fertilizer application method in55&.. /CV8%. dFull sesbania basal incorporreoduc2y3 N= 

B&t +-1/3 N at 5-7 DBPI. lowland rice, produced yields significantly higher 

http:MANAGIFME.NT
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Table 12. Effect of urea rource and application method on labor use 
planted and broadcast seeded rice. IRRI, 1987 DS and WS. 

N applied 

Urea source (kg/ha) Application method 

DS WS 

- 0 0 No fertilizer N 
c
PU 87 58 Farmers' split

PU t37 58 Researcheis' splitd 
USG 87 58 Hand point placement e 

during fertilizer application and grain yield of trans-

Water depth (cm) 
during basal

fertilizer 

applicationa 

Transplanted rice 
-
5 
0 
5 

PU 89 59 Point placement by pneumatic injector e 5 
PU 87 58 Band placement by plunger-auger e 

5 

Broadcast seeded rice 
-
5 
0 
0 
0 
0 

Grain yieldb 
(t/hE) Application

timea 
DS WS (h/ha) 

2.4 d 2.9 c 
3.6 c 3.7 b 10 
4.5 b 4.0 ab 10 
5.0 a 4.2 a 44 
5.0 a 3.8 ab 54 
4.4 b 4.1 ab 25 

2.3 c 3.3 c 
3.2 b 3.9 ab 10 
4.0 a 4.3 a 10 
3.9 a 4.0 ab 42 
4.0 a 3.6 bc 50 
3.8 a 3.7 bc 24 

means in a column followed by a common letter are not significantlydifferent at the 5% level. CV = 6% for DS and 7% for WS. c1/2 at 15 DT or DAS + 1/2 at 10 DBPI. d2 /3 B&I into mud
before seeding or transplanting + 1/3 5-7 DBPI. eApplied at 5 DT.fApplied at I d before seeding. 

- 0 0 No fertilizer N 
PU 87 58 Farmers' splitc 
PU 87 58 Researchers' solitd 
USG 87 58 Hand point placement f 

PU 86 56 Point placement by oneumatic injector f 

PU 87 58 Band placement by pinger-auger f 

aAv of 2 seasons. bUnder each planting method, 

than the farmers' split with both crop establish-
ment methods (Table 12). In TPR, dee l point 
placement of PU by pneumatic injector machine 
and of USG by hand produced yields significantly 
higher than that with researchers' split. The deep 
placement methods did not prove superior to the 
researchers' split of PU in broadcast seeded rice 
(BSR). 

In WS, only hand point-placed USG proved 
superior to farmers' split in TPR. In BSR, the 
researchers' split and N deep placement did not 
perform better than the farmers' N management 
practice, probably due to severe lodging of 
fertilized plants at the milk stage. 

Deep placement of N by hand and machine 
required more labor than farmers'and researchers' 
splits (Table 12). Band placement of PU by\_ 
plunger-auger machine was the least laborious
deep placement method. Using the pneumatic 

injector took more time than did hand point 
placement of USG because the machine was 
moved manually. Fertilizer application times were 
similar for BSR and TPR 

In DS, the partial pressure of ammonia (pNH 3) 
in the floodwater after N deep placement in TPR 
was higher with the plunger-auger machine (Fig. 
20). This indicates high N H 3 volatilization loss and 

low grain yield. In contrast, hand point placement 
of USG produced very low pNH 3 values in DS and 
WS, indicating negligible NH3 loss. In WS, deep 
point placement of PU by the pneuma:ic injector 
was less effective and produced slightly higher 
floodwater pNH 3 values than did band placement 
by plunger-auger machine. 

Deep placement of PU using the pneumatic 
injector gave yields comparable to those with hand 

pNH3 (Po) 

0.15 -orseajon wetseason 

0 

by''puner

009- %% LSO0o 

/ . 
0.06- ..Point-pced 

bY,,e,,n,,c N.. 
J.J. 1.0 T 

00o3- • Pont-ploc.d 
byh ad 

", 

.---..- _ 
I I-I ! 

01 2 3 4o 2 3 4 
Days after application 

20. Partial pressure of NH.1 (pN H3) inthe floodwater at 1300
1400 h after fertilizer N deep placement by hand and machineat 5 d after transplanting at IRRI, 1987 )S and WS.Bars 
represent l.SI)11 5 for comparison each day. 
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placement of USG. Generally, both treatments machine without standing water at 1 d before 
gave yields significantly higher than farmers' split transplanting (DBT) or with 5cm of water at 5 DT 
(Table 13). Deep placement of PU with 10cm of significantly increased grain yields by at least
standing water using the pneumatic injector did 0.8 t/ha over the farmers' N application method 
not reduce yields. But tile average application time (Table 14). Yields from these treatments 'at 58 kg
I': )S and WS was less by at least 18 h/ha with or N/ha were comparable to that of researchers' split.
without 5 cm of standing water than with 10 cm of Machine deep placement of N without standing
water. With 10 cm of standing water, poorer water at I DBT was comparable to that with about 

isibility hampered placing the fertilizer into the 5 cm of water at 5 DT. The plunger-auger machine 
soil between hills, for PU performed better than the press wedge

In )S, deep placement of USG by hand with machine for USG, regardless of waterdepth during
about 5 cm of water at 5 DT and by plunger-auger fertilizer application. 

Table 13. Effect of urea source, application method, and water management on labor use during fertilizer application and 
on grain yield of transplanted rice. IRRI, 1987 DS and WS. 

N applied Water depth (cm) Grain yieldc 
Urea source (kg/ha) Application methoda during basal (t/ha) Application 

timebfertilizer -
DS WS applicationb DS WS (h/ha) 

- 0 0 No fertilizer N - 2.6 d 3.5 f -PU 87 58 Farmers' splitd 5 4.0 bc 3.8 ef 12PU 87 58 1/2 20 DT + 1/2 5-7 DBPI 0 3.7 c 4.4 abcd 11PU 87 58 1/2 20 DT + 1/2 5-7 DBPI 5 4.0 bc 4.2 cd 10PU 87 58 Researchers' splite 0 4.4 ab 4.4 abcd 11PU 87 58 Researchers' split f 0 4.1 bc 4.1 de 11USG 87 58 Hand point placement 0 4.6 ab 4.6 ab 41USG 87 58 Hand point placement 5 4.8 a 4.7 a 46PU 91 57 Point placement by pneumatic injectorg 0 4.8 a 4.2 cd 46
PU 91 57 Point placement by pneumatic injectorh 0 4.8 a 4.3 bcd 47PU 91 55 Point placement by pneumatic injector 5 4.6 1b 4.3 bcd 52PU 89 56 Point placement by pneumatic injector 10 4.8.a 4.5 abc 70 

aAll point placement application was done at 4 d after transplanting (DT). bAv of 2 seasons. CCV = 9.2% for DS and 5.8% 
for WS. at 10 DT + 1/2 atd1/2 10 d after oaniclo initiation. eReflooded I d after fertilizer incorporation before transplanting. fRef'ooded 4 d after fertilizer incorporation before transplanting. gReflooded immediately after fertilizer was 
arplied. hReflooded 4 d after fertilizer was applied 

Table 14. Effect of urea source, application method, and water depth on grain yield of IR64. IRRI, 1987 DS. 

il applied Water depth (cm) GrainUrea source (kg/ha) Application method during fertilizer yielda 
application (t/ha) 

0 No fertilizer N - 3.7 ePU 58 Farmers' split 4.8 4.3 dePU 58 Researchers' split 0 4.8 bcdUSG 58 Point placement by handb 5.1 5.2 abcPU 58 Band placement by plunger-augerb 4.8 5.2 abcUSG 48 Point placement ny press wedgeb 4.8 4.6 cdPU 58 Band placement by plunger-auger 0 5.1 abc 
(4.row)c 

USG 57 Point placement t-' press wedge (4-row)C 0 4.7 bcdPU 87 Farmers' split 5.1 5.1 abcPU 87 Researchers' split 0 5.4 abUSG 87 Point placement by handb 5.1 5.5 a 
aCV = 8.3%. bApplied at 5 DT. CApplied at 1 d before transplanting. 
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MANAGEMENT OF FERTILIZER NITROGEN 
AND WATER IN LOWLAND RICE 

The effect of water regime, N source, and various N 
application timing and methods on the grain yield 
ofIR64 was evaluated during DS. 

Grain yield did not significantly differ among 
water regimes, probably because ofa high ground-
k ater table. The researchers' split, the recoin-
mended N application method, significantly out-
yielded the farmers' practice in all water regimes 
(Table 15). Tile researchers' split yielded corn-
parably with a single basal dose of slow-release 
SCU, all basal point-placed USG. and 2/3 point-
placcd USG + I/3 topdressed PU at 5-7 DBPI. 
Results suggest that researchers' split application,
deep placement of N, and slow-release SCU are 
better than the farmers' practice in rainfed areas 
with alternate wetting and drying of soil. 

All N fertilized plots yielded signilicantly higher 
than nonfertilized plots, 

NITROGEN FI:RII.IZF-R MANAGEMENT UNI)ER 
SIMIIATEI) RAINFEI) IOWIANI) ('ONI)ITIONS 

Rice yield response to different N fertilizer 
management techniques using the line source 
sprinkler (I.SS) system was again measured. There 
were five irrigation levels and three Ntreatments; P 
at 13 kg! ha and K at 25 kg/ha were basally applied 
to IR64, the test variety. 

Fertilizers were applied and rice was trans-
planted on drained soil with no standing water. 

The first irrigation to about 2-cm water depth was 
at 3 DT. Irrigation level LI represented con
tinuously flooded rice; it recei-,,-d equal water from 
LSS as did L2, but surface irrigation was needed to 
maintain 5-cm continuous flooding. At 10 DT. the 
standing water in 1.2-1-5 was allowed to dry. 
Irrigation by LSS, positioned between 1.1 and L2, 
started at 14 DT and was used 3 times :aweek tip to 
40 DT. L2-1,4 received a decreasing amtount of 
water from LSS during the stress period. L5, the 
most stressed treatment, did not receive water from 
I.SS.
 

Pan evaporation was used to determine the 
water to be applitd by LSS. The whole field was 
reflooded to about 5cm from43 DT to 10d before 
harvest (DBH). 

Continuously flooded plots received the most 
water (Fig. 21). L2, [-3, L4, and L5 received 173, 
120, 79, and 0 mm of water from LSS, respectively. 
The degree of soil cracking increased with 
increasing water stress. Alternate wetting and 
drying cycles occurred in L2-[.4. 

Under any water regime, the researchers'split of 
PU (2/3 B&I into mud + 1/3 at 5-7 DBPI) 
outyielded the farmers' split of PU (1/2 topdressed 
at 10 DT and 1/2 at 10 DAPI) by as much as 
0.29 t/ha in L4 to 0.76 t/ha in LI (Fig. 21). 
Regardless of N treatment, L5 produced higher 
yields than did LI. This may be the result of high 
mineralization of native N before and after 
reflooding, as evident from the response curve of 
the no-N fertilizer treatment at different moisture 
regimes. Lower yields in L3 were attributed to 

Table 15. Effect of water management and N application method on grain yield of 1R64. IRRI, 1987 DS. 

N treatment 

No fertilizer N 
PU, farmers' split 
PU, researchers' split 
USG, hand point placement 
2/3 hand point-placed at USG 
1/3 topdressed at 5.7 DBPI as
SCU, B&I 

Water mean 

aCV = 8%. Maximum tillering 
dough = 69-83 DT (14 d). 

Grain yielda (t/ha)
Continuously No:'rflooded during Nonflooded at PI Nonflooded at N mean 

flooded maximum tillering to flowering flowering to dough 

3.0 d 2.7 c 2.6 

4.4 c 3.7 b 4.1 
5.3 ab 5.5 a 5.0 a 
57 a 5.4 a 5.0 a 

+ 5.9 a 5.7 a 5.2 a 
PU 

4.7 bc 5.3 a 5.2 a 

4.8 4.7 4.5 

c 
b 

3.1 c 
3.9 b 
5.6 a 
5.4 a 
5.6 a 

2.8 
4.0 
5.4 
5.4 
5.6 

5.8 a 5.3 

4.9 
= 20-35 d after transplanting (DT)(15 d), PI to flowering = 41-67 DT (26 d), flowering to 
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Water applied (rn-n) Grain yield (t/ha) W6; the plots were rewatered only to 5-cm depth at2501 W-a ,.,-- desired growth stages after imposing 7, 14, 21, 28, 
' 


o , 0 - 58 k; N/h, and 35 stress days, respectively. Each main plot200 E WaterfromLSSI was surrounded with polyethylene sheeis buried 
52n LSo 50 cm into the soil to impound water and minimize

150 1 Researchers'spl seepage. 
44 -. Except in W6, hand-placed USG at I DT100 FarmI ir consistently outyielded the researchers' split in all11 

36-----  water regimes, especially under continuous flood
5o No N fert, er / ing (W I). The mean yield (4.1 t/ha) of the USG N 

treatment across a,1water regimes was significantly
0 - o 1 -1 higher than that of the researchers' split (3.8 t/ha).Li L2 L31 L4 L5 Li L2 L3 L4 L5 Yield increased in W4 and W5, perhaps because

Irrigation level higher mineralization of applied and native N
21. 1mal %kalcr alpp.ied from the linesource sprinkler (I.SS) increased panicle number (Fig. 22). However, thisamIt sulhce irigation (luring the stress period, and grain yield was not reflected in yield higher than in W I, partly
olI R 4 a allected irrigation and N treatments. IRRI. 1987
I)S. I I continmusy hlooded. 1.5 - the most stressed because of the lower total solar radiation at 55I ledljlcnl. DBH in W4. W5, and W6. Severe water deficit 

prolonged crop maturity, which coincided with 
low solar radiation. In W6, maturity was delayedalternate wetting and dying, which may have by 13 d so that the total solar radiation at 55 DBHcaused substantial N loss through siequential was only 1008 MJ/m 2compared with 1102 MJ/M 2 

nitrification and denitrification. Besides denitrifica- in WI, a difference of 94 M.I/nm2 (about 2247
tion, NOi leaching through soil cracks may have cal/cm2).
contributed to N loss. Results indicate that deep-placed fertilizer

The increasing yield trend in L4 and L5 was proved advantageous under a wide range of soilmatched by increasing plant height, tiller number, moisture deficits during the vegetative phase.

an(d panicle number.
 

Results suggest that in areas of limited water WATER DEFICIT ANt) NIT"ROGEN FERTILIZATION

supply and relatively fertile soil, withholding water EFFECTS ON SIMULATED RAINFED LOWLAND

temporarily can tap more native N for plant use. 
 RICE
 
This practice increases water use efficiency.
 

The 
 effects of water deficit and urea fertilizer 
RICE RFISPONSE TO NITROGEN FERTILIZER timing on loss of applied N, crop development, andMANA(,EMNT ANI) WATER DEFICIT grain yield of IR64 were examined in a collabora

tive study with IFDC. The study was conducted inThe effects of fertilizer application time and a farmer's field in Pila, Laguna, during 1986 and
method on lowland TPR were studied under 
 1987 DS. The experimental design was a split plot
varying degrees of water deficit. The researchers' with four replications. Main plot treatments were 3
split (PU, 2/3 B&I into mud + 1/3 at PI) was water regimes: W I = continuously flooded; W2 =
 compared with USG hand-placed (at about 10-cm vegetative phas ewater deficit, nonflooded from 15depth) at I DT. Six water management treatments to 35 DT; and W3 = reproductive phase water were the main plots, and two N treatments were deficit, nonflooded from 41 to 63 DT. Subplotsubplots in a split-plot design. IR64 was the test treatments were 3 N timings: NO = no applied N;variety. NI = 80 kg urea N/ha, 1/2 B&I into mud beforeAll plots were surface irrigated to about 2-cm transplanting + 1/2 broadcast into 5-cm floodwater depth starting at 3 DT. Water regime WI water at 37 DT; and N2 = 80 kg urea N/ha, 1/2represented continuously flooded rice. At 10 DT, broadcast into floodwater at II DT+ 1/2 broad
irrigation was withheld in W2, W3, W4, W5, and cast into 5-cm floodwater at 65 DT. 
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the crop at 55 d belfre harvest. IRRI, 1987 I)S. 1)I = da 
alter transplanting. WI continuous7 fIlooding, W2 =--
,tres,. W3 - 14-d s, res,. W4 = 21-d stress. W5 = 24-d slress. 
\V6 7- 35-d stress. 

Loss of added nitrogen. The first application of 
40 kg urea N/ha in treatments NI and N2 was 
labeled with 5N. Loss of added 5N was deter-
mined from unaccounted for 1-N in 15 N balances at 
20, 41, and 69 DT and at crop maturity. 

Large losses of added N occurred soon after urea 
application. Figure 23 shows that 33 and 37% of 
the basal applied N was lost by 20 DT, whereas 41 
and 45(' of the N broadcast at I I DT was lost by 20 
DT. 9 d after N application. Under continuous 
flooding, no significant additional N loss occurred 
after 20 DIT with either N application method.Water deficit during the vegetative phase (nonflooded 15-35 DT) produced a significant addi
tiona! loss of applied N between 20 and 41 DT. Soil 
drying followed by reflooding, common in rainfed 
lowland ricefields, can increase the total loss of 
applied N over the cropping period. Measurements 
ofsoil nitrate, '5N-labeled eas formation in the soil,
and 15N-labeled gas flux in this field experiment 

confirmed that at least some of the N loss in 
od of' water deficit was by nitrification

denitrification. 
Plant water status. Although both vegetative 

(W2) and reproductive (W3) phase water deficits 
reduced leaf water potential (Fig. 24) and stomatal 
conductance (Fig. 25) ,ompared with Wl, stress 
levels were apparently mild. N fertilization effects 

15Nloss (% of applied NJ)
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.-- ..- ..- .
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60 

.. --.
 
40
 

T LSDo 0 5(to compare 2-d means at each20~ I water regime) 
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Elfect of \ atnd tinming ot urea applicatiotn otn23. tel' regirneDays after transplaning 

Ios of added N.Pila. Laguna. Ilhilippincs. 1986 DS. 1)1 
da safter transplanting. 
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on water relations were small, but application of N 
reduced water deficit effects, and early N applica-
tion (N 1)seemed better than delayed N application 
(N2) during water deficit. Seasonal and crop 
growth stage factors had greater impact on leaf 
water potential and stornatal conductance than did 
water deficit and N fertilization treatments. 

Leaf area index. Leaf area index (LAI) in W2 
was abcut 50% that in W I at 36 DT (Fig. 26), an 
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effect that persisted even after reflooding. On the 
other hand, LAI in W3 was not affected bv water 

deficit. N fertilization increased LAI (Fig. 27). LAI
increased faster in NI than in N2 but was main
tained longer in N2. For NO, LAI never reached 3;
therefore, full light interception was never reached. 

Root length. At the end of the vegetative phase 
water deficit, root length density (RLD) in the 0-to 

soil layer was less in W2 than in WI for all N 
treatments (Fig. 28). Water deficit had relatively
less effect on RLD in deeper soil layers except for 
NI, where R LD of W2 was greater than that of W I
in the 5- to 10-cm soil layer. Addition of N 

Leaf area index5 

4 

- ""N 

2I-
 CContnuously flooded 
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- Nonflooded, 41-63DT 

"
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10 
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27. Effect of N fertiliation on leaf area index of 1R64. Pila, 
Laguna. Philippines. 1987 DS. )I=daysaftertransplanting. 
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fertilizer, especially early application, enhanced 
root elongation and growth, which may have 
conferred resistance to water deficit. 

At 63 I)T, RLDs in W2 treatmerts had not 
recovered to the levels in Wl treatments, and 
RI.Ds in W3 treatments were reduced to about the 
salme levels as those in W2 treatments (Fig. 29). In 
W1,N fertilization incre:jsed RLD in the0-to 5-cm 
soil layer, but not in deeper soil layers (Fig. 29). In 

W2 and W3, RLD in the 0- to 5-cm soil layer was 
greatest in N 1. 

Grain yield and nitrogen accumulation. Water 
deficits reduced grain yield and N accumulation by 
thle plant (Table 16). Reductions were greater with 
water deficit during the vegetative phase (non
flooded 15-35 DT) than during the reproductive 

ase (nonflooded 41-63 DT). 
Grain yield and N accumulation by the plant 

increased with applied N (Table 16). Early N 

application (I /2basal + 1/2 at 37 DT)gave 0.4 
t/ha greater grain yield than delayed application 

1.2 at I1DT + I/2 at 65 DT). However, the 
timing of N application did not significantly (P-

Table 16. Effect of water regime and urea fertilizer timing 
on grain yield and plant N of IR64. Pila, Laguna, Philip
pines, 1987 DS. 

Treatment 

Wt (W)Water regimeregime (WI 
Continuously flooded 

Nonflooded 15-35 DT 

Nonflooded 41.63 DT 


N timing IN) 
No applied N 

a

1/2 basal + 1/2 at 37 DT

1/2 at 11 DT + 1/2 at 65 DT 

Grain Plant 

yield N 

(t/ha) (kg/ha) 

3.9 87 

3.2 63 
3.6 83 

2.4 54 

4.1 84 
3.7 88 

aThere were 8 replications for this treatment and 4 repli

cations for all others. DT =days after transplriting. 
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0.05) affec: N accumulated by the plant. Lower Total plan N(g/m 2)

grain and straw yields with delayed N were com- 12
 
pensated for by higher % N concentration of the
 
grain and straw. 0
 

Reproductive phase water deficit, before flower-
 HTA-N 
ing, was less detrimental to leaf water potential,
 
stomatal conductance, LAI, N uptake, and grain 8 
yield than vegetative phase water deficit. Early N
 
applicatior, enhanced root growth to enable plants 

to better withstand water deficit. 

,
 
6 HTA-NoA-No/ 

NITROGEN tJPI AKE OF DEEPWATER RICE 4 -, ' " 

Calculating the N fe.tilizer requirements of deep-/" ,- PCR-Nt 
water rice ()WR) is complex because of the crop's 2  PCR-No 
long growth duration, periods of drought and
 
flood, the movement of N with floodwater, and the 
 ....
 
unknown contribution of N from floodwater and 
 0 40 80 120 160 200
by biological fixation. To better understand the N Days from emergence 
responses, we conducted experiments in Thailand 30. Total Nuptake for mean of treatments with 75 kg N/ha in2 on an acid sulfate soil in Prachinburi and on a less alpplicaions(treatments 3,4, 6,and 7)and forcheck treatments
acid soil in Huntra in 1986 WS. at Prachinburi (variety RDI9) and Huntra (SPR7270-18),

Grain yields did not show clear differences 1986 WS. HTA = Huntra, PCR = Prachinburi. 
between treatments in Hluntra, but in Prachinburi 
the check was low and there was a wider spread of 
yields (Table 17). Huntra had a much higher N uptake than the

However, samples for determination of dry fertilized treatments in Prachinburi. At both sites,
weight and N concentration taken on six occasions the rate of N uptake in the fertilized plots decreased
from the start of flooding showed markedly as the water level rose (Fig. 31), but in Hunira the
different patterns of growth and N uptake between check and the fertilized treatments increased in N
fertilized and unfertilized treatments and between uptake to about 80 mg/m 2 per day as the water

sites (Table 17, Fig. 30). The check treatment in rose to a maximum. In Prachinburi, the plants
 

Table 17. Treatments, dry matter production, and grain yields in N uptake experiments with deepwater rice in Prachinburi
RD19 variety) and Huntra (SPR7270-18), Thailand, 1986 WS.a 

N (kg/ha) Dry weight (t/ha) at 181 DE Yield (t/ha)Treatment 
no. B&Ib Broadcast Broadcast USGc at Prachinburi Huntra Prachinburi Huntra 

(DE) preflood 5 cm water 

1  - 1.0 e 11.4 b 1.33 b 2.91 ab2 37  5.8 cd 13.5ab 2.11 ab 3.06a3 37  37 - 6.3 bcd 13.9 ab 2.58a 2.90 ab4 37  - 37 10.2 a 13.5 ab 2.99 a 2.86 ab5 - 37  - 4.9 d 14.3 ab 2.13 a 2.98 a6 - 37 37  8.8 ab 16.4 a 2.88 a 2.42 b7 - 37 - 37 8.2 abc 14.1 ab 2.79 a 2.87 ab 
- 37 4.4 d8 

0 
- 4 4 11.5 b 1 9 6 ab 2 .98a-a3 d a ys 1.96ab 2 .8c 

aDE = days after emergence. bB&l basal, incorporated, CUrea supergranules. Other treatments used prilled urea. All treat
ments received 8 kg P/ha. 
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N uptake (mg/m2 per d) 
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were younger at flood commencement, and check 
plots were completely submerged by the rapid 
increase in water level 75 d after seedling emer
gence. Even the fertilized plots were reduced to a N 
uptake of about I0mg/m 2 per day, with only a 
slightly higher rate later in the season, and dry 
matter production was low. 

The high rate of N uptake in Huntra late in the 
flood period was associated with high dry matter 
production, and could be a result of a high level of 
N-fixing activity in the floodwater or of a ready 
uptake of N from the submerged soil. High N 
uptake associated with high dry matter production 
and lack of grain yield response to N fertilizer 
indicates that N requirements of DWR could be 
estimated from the production of dry matter 
unfertilized fields. 
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BA('I RIAI N I R0(61 N FIXA IION 

Soil Microliohuly.l I)eParnn, 

Nitrogen fixation by rice seedlings inoculated with 
free-living and symbiotic bacteria under gnoto-
biotic conditions. The ability of free-living N.-
fixing azospirilla and synihiotic rhizobia to fix N in 
the root zone of rice was studied Using rice 
scedlings gross\ aseptically under light. Bacterial 
inoculation was made 2 d after seedling transfer. 
and acetvlenc-reducing activity (ARA) was 
measured 8 d after inocultion, 

Seedlings of IR42 showed substantial ARA 
when inocultcd with ,.I:o.siri/n 34H.Iip/oeruni 
an isolate from v, ctland riec roots (365 nmol 
C21.1 plant per 24 h), or ,1:orhiohium cauli-
noda.1s ()R.S 571, an i;olate from stem nodules of 
.;e.sbalialostrata(368 inmol Ce1-14 ti he per 24 Ii). 
.. zouvirillhm hrasih.scSp7 from fgitaria showed 
significantlv hig.er ARA (51 nnmol ('.C11 tube per 
24 I) than the uninoculatCd control (3 nmol 
C2 H4 tube per 24 h). Rhizobia isolated from 
.Se.shania acu/eaa, S'..shan, Trifoiiin sp., or 
l'Li(1a tinguih-u/ta showed negligible ARA. 

(rowth and yield responses of rice to inoculation 
with various root-associated diazotrophs in the 
presence of combined nitrogen under greenhouse 
conditions. We studied root and shoot growth and 
grain yield responses of rice variety IR42 to 
inoculation witlh 23 strains of N2-fi-,ing bacteria 
belonging to Herhaspirdlum, ,.'zo.Vuirillun. Pseu-
dionionas, Klchsiella, L:lm'roblhater, and Azorhi-
:obium. The soil was amended with powdered rice 
straw at 5 t ha, incorporated 12 d before trans-
planting, and fertilizer was applied. Bacteria-
inoculated seeds were germinated, and seedlings 
were transplanted. Before transplanting, 5 ml of 

sbacterial suspension (10 colony-forming units 
[CF1I] ml) pot was thoroughly mixed into the 
soil. 

Plant growth was not affected significantly by 
inoculation at maximum tillering. At harvest, eight 
strains---- hrbaspirillum HS; Azospirillui lipo-
./rum AT; Enterohacter EUF 26-1I, EUF 26-12, 
115-6; Pseudomnonas diazotrophicus H8; P. 
saccharoplila PD; and Azorhizohiun caulinodans 
ORS 571 ---affected plant growth or yield. Root-to-
shoot ratio, plant height, or shoot dry weight was 
increased significantly by ORS 571 aiud 1R5-6. 

Significant grain yield increases of 23% and 42% 
were obtained only in treatments inoculated with 
1R5-6 and H8. 

Agronomic and cultucal practices affecting 
plant-associated nitrogen fixation. I.'tfi,ct of 
inr.gai dlrganic/('rti.izers.We nicasured N 
fixing activity (measured by ARA) associtted with 
rice plants obained from several field experiments 
with different inorganic N and organic fertilizers. 
(;rain legume green mnanure (GM) ( 1'igna radiata 
mLungbcan and Dolichos lahla/ lablab), nongrain 
legumeCGM sesbania and crotalaria, inorganic N 
Icitili/er (urea). nonlegume GM azolla, and rice 
straw and farmyard manure were compared. We 
correlated the average N applied in each treatment 
with increases in ARA and plant dry weight over 
those of controls. 

Table I summaizes the data on ARA per plant, 
ARA g of plant diy weight, and plant dry weight 
at heading. ARA per plant increased in all 
treatments. ARA g of plant drv weight seemed 
slightly lower in all treatments except in the grain 
legume (.M treatment, which increased an average 
of 27(7 . On the other hand. plant dry weight 
increased in all treatments, suggesting that applying 
inorganic Nand orgauic fertilizers enhanced either 
plant growth or N, fixation per plant. 

I'./lc ol'-ice spacing antlnilrogen sourc'. In an 
experiment of the Multiple Cropping )epartment 
(1985 dr. season [DS]), the second IR64 crop had 
the following treatments with 4 replications: I main 
factor consisted of I) control (no N). 2)60 kg Ni Ih 
as (NH 4)2S0 4. and 3) S. rosirata incorporation. 
Another factor was rice plant spacing: 10 X 10, 12.5 
X 12.5, 15 X 15. 20 X 20, and 25 X 25 cm. Rice 
plant-associated ARA and plant biomass were 
measured at 28 and 43 d after transplanting (DT) 
and at heading. 

ARA per plant was not affected much by 
spacing. Total dIr weights ofaboveground material 
and roots per hill were significantly affected by 
spacing only at 28 and 43 DT. However, spacing on 
an area basis significantly affected these measures. 
Plant ARA i 2was al least 4 times higher at 10- X 
10-en, spacing than at 25- X 25-cm (Fig. 1). 

Vark tal differences in associative nitrogen 
fixation. In 1986 DS, we measured N-fixation 
(iasnrid by A 1A) associated with the rice plant 
and the N uptake of 50 rice varieties and lines 

http:hrasih.sc
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Table 1. Effects of 	 oninorganic N and organic fertilizers rice plant-associated acetylene-reducing activity (ARA)
heading.a IRRI, 1987. 

at 

Increase %)over control
 
N-incorporating
treatment Trials(no.) N applied (kg/ha) ARA/plant ARA/g plant dry Plant dryMean SE weight weight

Mean SE 
Mean SE Mean SE 

Grain legume GM 3 90 7.1 64 29.8 26.6Nongrain legume GM 	 5.9 30.2 17.18 129 15.2 50.8 16.5 2.6- 7.6 45.7 8.7Urea 	 77 8 28.0 6.8 - 8.8 2.817 

Nonlegume GM 
 37.8 7.73 100 7 12.2 14.6 --16.4 	 16.1 41.6 16.6Rice straw and farmyard 5 83 18 4.4 8.6 - 4.6 10.0 15.4 8.1 

manure 

aGM = green manure, SE standard errur.of mean. 

ARA/m 2 (LgmolC2 H4 /m
2 per 6 h) grown in a wetland field without N fcrtilier. Tileo AR A ofeach variety was measuicd in 18 replicated 

plants for 3 consecutive days at heading.120 - 0 12ia1Cm Significant differences in ARA per plant and N 
5 CMI
x'.20C 	 uptake were observed anmong the short-, mediu-n .80 o 2oc, and hong-duration groups. Among 23 short

L-125xc J
40 	 duration varieties. C5444 and KNiB-361-1-8-6-10ranked highest in ARA per plant -higher than 
__1150, which pccrfurmed best in the previous

seasons. Among 16 medium-duration varieties,
160I 
 Kulu and IR-51-46-I-C-I exhibited tile highest 
1ob 	 ARA per plant similar to IR19672-140-2.3-22, 

which gave the highest ARA per plant during the8o0-	 1)985 DS trial. Anmong I I lonlg-duration varieties,Pelita-I-I and Intan ranked highest-higher than
40 	 previous seasons.
5in 


N uptake ranged from 283 to 496 rmg N! plant in 
0 ltheshort-duration group, 260 to 613 nig in the 

200 iedium-duration group, and 365 to 528 rag in the 

160 
hmg-duration group. The highest N uptake was 
exhibited by 1132453-20-3-2-2. followed by 

- IR21820-154-3-2-2-3-- both medium-duration 
120 varieties. 

80 	 IllltH OIDI:IN)I:N I NIROGEN FIXATION 

40Soil 	 Mici( I)partineni1)/(I01t 

Blue-green algae collection. Trials of conservation 
000 1 22515 30 3 403 35 4by 45 50 55 60 65 desiccation showed that 10 dried and powdered 

Days after transplanting blue-green algae (13GA) cultures prepared 5 yr ago
I. l:flect ol rice spacing on accetylenc reduc g; tivity(ARA) and 37 soil-based mionostrain irlocula prepared 3 yri1ssociitCd with ricegiown withal no N, b)inorganit N 60kg ago had retained their viability. AnmOng 135N hal) and c).S'.aijioro.xrat, incorporation. IRRI. I19X7. cultures deposited on snall paper strips and dried 

http:errur.of
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at room temperature, 30 were lost after 16 nio of 5.2-51 ppm Olsen P) recorded N2-fixing strains in
 
storage. Losses increased linearly with time. all soils. In Madagascar soils, BGA densities
 

"
 4
Conservation on paper strips is convenient for ranged from 4 X 1t)3 to 2 X 10ind were correlated 
short-term1 conservation, including mailing of the with soil pH and available 1). In alkaline Egyptian
 
,trains,. ht currentlV is not suitable for long-term soils collected in dry fields, densities ranged from 9
 
tosser\ atoiin. X 103 to 2X I05 and were not correlated with pH or
 

Standardization of methods for field studies, available P of the soil.
 
Bia.s in mi(roolohgical counl.s i plating. We Method of application of phosphorus and blue
analv/cd 1.215 plate counts of soil BGA by 4 green algae growth. The effect of the method of I 
independent operators and found that counts with fertilizer application on the productivity and N2
a lo\ value for the first digit (1-5) \ere more fixing activity ofBGA was studied in agrenhliousC 
frequent than those with a high \ aloC (5-9), licroplot experiment. Split surface application 
whereas an equrial probability of valhes Irom I to 9 increased B1GA production 6 times more than 
isexpected. incorporation and 1-2 times more than hasal 

This bias exists because dishes with more than 50 surface application. N-balance measurements after 
colonies are usually excluded from the lower 30 d showed too large variability of the soil N 
dilution counts and are Counted at tile next Iigher allong replications to allow conclusions. The 
dilution: however, the ratio between counts at 2 mnaxinmm1 ratio between N accumulated and P 
consecuti\e 10-fold dilutions was found to be applied was 3.2 after I mo. 
about 6:1 (av of 589 data). As a result, counts on Effect of straw on photodcpendent biological 
plates with 60 to I00 colonies are replaced by nitrogen fixation. A )Sexperiment studied the 
counts at tile effect of incorporation and surface application ofnext dilution, on plates having 6 times 
fcwer colonies, i.e.. 10 to 17, which leads to more straw on pH and dissolved O, illtilefloodwater, 
counts \Nhose fir!mit is I. photodependent ARA, and BGA populations. 

.StUllklnadizatimiu o/, RA4 m'a.iremnt.s.Experi- Straw application reduced 02 concentration (av of 
ments to determine the conversion rate from -12 (:)and pH in tile floodwater. Reductiontwas 
acetvlene reduced to N, ixcd for ARA measure- greater when straw was incorporated than when 
ments of photodependent N2-fixation of soil core surface applied. BGA biomass was consistently 
samples showed that the composition of the lower in plots where straw had been incorporated. 
atlrnosplere of incubation used during measure- The highest bionass (19 t fresh weight ha), 
ment of .N incorporation strongly influences recorded at 42 DT in plots where straw was surface 
specific 15N fixation of B0A. In 14 trials, specific applied, did not significantly differ fron that in the 
ARA ranged from 0.65 to 2.45 nmol C2 H2 nig control without N (15 t fresh weight ha). 
algal protein per min. agreeing with previous Straw application had no effect on the conposi
mCastirerlierits. On the other hand, specific 15N, tion of the BGA biomass. ARA was higher in lie 
fixation cxlhited very large variations from 0.02 treatment where straw was surface applied and ill 
to 0.57 nmol N2! mg algal protein per min. Re- tile no tie treatmentcontrol with basal N than ill 
placing part of 15N2 by Ar to utilize less 15N2 and straw was incorporated the controlwhere and ill 
increasing ('0 concentration markedvly decreased with basal N. Iarge populations of aquatic snails 
tile specific 15N2-fixing activity, possibly because ol (limna sp.) developed illplots where straw was 
a lower solubility of '15N 2at its low partial pressurc. surface applied. Photodependent ARA became 
An average factor of 4.7. close to the theoretical negligible in all the treatments after urea broad

value of 4, was obtained when partial pressures of casting at pariicle initiation. 
N2,02,and ('O, used for incubation with 15N2 were Characterization of the photosynthetic aquatic 
similar to those used for incubation under biomass. We studied the ecology of the photo
acct\ lene. synthetic aquatic bionass (PAB) during DS in 65 

Occurrence of nitrogen-fixing blue-green algae plots 4 X 4 in iii size (5 replications) receiving 
in rice soils. A survey of BGA\ in 10 rice soils from partial combinations of"4 treatmnents: urea (none, 
Madagascar(pH 4.5-6.4,2-11 ppm Olsen P)and 12 55 kg N,'ha split broadcast, 55 kg N/ha deep
I.gyptian soils fron the Nile Delta (pH 7.6-8.1, placed), P fertilizer (control without P, 13kg Pin 3 
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splits in all treatments), BGA inoculation (none, 20 pH

kg inoculum/ha), and neern seed to control algal Oxygen (ppm)
 
grazers (none, 100 kg/ha). 10 20 

02 concentration, pi and N and P contents of ,

the floodwater, biomass of algae. aquatic macro- 9 
phytes and weeds and their comlposition, and
 
photodepcidcnt N2-fixing activity (ARA) were 10
measured at intervals during the crop cycle, which 8 
was marked hy three major events: 

* Surface application of urea caused a rapid Broadcasturea
blooming of unicellular green algae at 4-5 DT, 7E . Doo-id ,,0sincreasing tile0,content of the floodwater to 0 20 40 s 80 100 
20 ppm and its pH to 10 at noon (Fig. 2). DTResulting high losses of N by NH3 volatiliza- 2. Iynamics of'O, concentration and pH of the lloodwater attion are reflected in the absence of yield 1 h according to Nfcrili/cr status. IRRI, 987. 
response to broadcast urea (Table 2).o Irrigation water was passing through a cooling in the same field, split urea almost completelyplot where a spontaneous growth of muci- inhibited BGA. Dense blooms of mucilalaginous N2-fixing BGA (Aplanothece, ginous BGA became established early in theNostoc, Glocotrichia) provided a continuous control and in the treatment where urea was
reinoculation of the plots with indigenous deep-placed.

BGA. This, together with N losses, established * Azolla 
 that spread from surrounding plotsBGA at 35 DT in plots where urea had been started to grow at 72 DT. It grew better in thebroadcast (Fig. 3), whereas in 2 previous crops plots where urea was broadcast. 

Table 2. Effects of blue-green algae (BGA) ;noculation, neem seed application, and N fertilizer management on grain yieldand photodependent ARA, and maximum N content of the photosynthetic biomass. IRRI, 1987. 

Average ARA (MmolNeem 2YieldBGA seed N (t/hal 
C2 H2/m per h) Maximum biomass (kg N/ha)

1-120 da 
 1-7 2 db 
 All 
BGA 

- - 0 3.8 bc 250 abc 
-

238 abc 11.2 bcd 8.2 bcd- Split 3.9 bc 210 bc 182 bc- 8.4 d 6.3 cde- Deep-placed 5.4 a 268 abc 223 abc 11.9 abcd- + 8.0 bcd0 4.2 b 290 ab 301 a 11.2 bcd 9.2 abc- + Split 3.6 bc 240 abc 174 c 9.0 cd 3.6- + Deep-placed 5.2 a 
e

311 a 297 a 11.1 bcd 7.6 bcd+ - 0 3.5 c 188+ c 207 abc 10.8 bcd 9.2 abc- Split 3.8 bc 208 bc 143 c 12.1 abc 6.3+ cde- Deep-placed 5.5 a 265 abc 221 abc 9.5 cd 8.0 bcd+ + 0 4.1 bc 278 abc+ 285 ab 14.9 a 11.3 a+ Split 4.3 b 190 c 153 c 10.9 bcd 5.7 de+ + Deep-placed 5.5 a 231 abc 136 bc 13.6 ab 10.1 ab 
No N 3.9 b 251 a 268 a 12.0N split 9.5 a3.9 b '!12 b 163 b 10.1 5.5 bN deep-placed 5.3 a .268 a 232 a 11.5 8.4 a 
Noninoculated 4.4 261 236 10.4 7.2Inoculated 4.4 227 199 12.0 8.4 
No neem seed 4.4 231 202 10.7 7.7Neem seed applied 4.4 257 232 11.8 7.9 
alncludes biological N fixation by BGA and azolla. bBGA were the only photodependent N2 fixers. 
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3. Effect of N fertilizer management on the dynanics ofblue-
green algae and azolla populations. IRRI, 1987 DS. 

The floating and submerged 	 components of 
PAB were mostly mucilaginous N2-fixing BGA for 
about 70 DT and then azolla and BGA (Fig.3). 
Other components were rooted, emersed weeds 
collected at 30 and 52 DT. The N content of the 2 
weed harvests ranged from 3 to 19 kg/ha and 
averaged 8 kg N/ha. 

N fertilizer management had 	 effects on grain 
yield, maxiinum biomass of N',-fixing BGA, and 
photodependent biological nitrogen fixation 
(BNF). The highest yield was recorded where urea 
was deep-placed. 

ARA was higher in the control and when N was 
deep-placed (250-260 pmol C2H2/m2 per h). 
Surface application of urea decreased the ARA of 
BGA by 45% and their maximal biomass by 42%. 
Because azolla grew better in plots where urea was 
broadcast, maximum PAB N was reduced only by 
17(/', and average ARA during the crop by 16% 
(Table 2). 

P application increased ARA by 80% and grain
yield by 480 kg/ ha. 

Because indigenous BGA grew spontaneously in 

almost all the plots, algal inoculation had no 
significant effect (Table 2).Neem application increased 	 photosynthetic 

activity the first 2wk in the control and in the plots 
where N was deep-placed. Its marginal effect on 
BNF was at least partly due to growth of 
mucilaginous BGA, resistant to grazing, since the 

started. 
Photosynthetic activity in the floodwater(Fig. 2) 

increased in the first 6 wk of the crop cycle and was 
affected by weeding. Surface application of urea 
enhanced phoiosynthetic activity early by favoring
the growth of unicellular green algae that rapidly 
disappear as grazers establish. Thereafter, these 
plots had less algal growth until 50 DT. After 6 wk, 
02 in the floodwater decreased 	in all plots.

N content of the floodwater reached 50 ppm 
urea and 8 ppm NH 4 after urea broadcasting and 
dc,:reased within 4 d to negligible values. As long as 
photosynthetic activity in the floodwater wasincreasing, the N content of the floodwater 
remained negligible in all treatments. Between 60 
and 100 DT, when BGA started to decay, the NH 4 
content of the floodwater ranged between 0.2 and 

I ppm, exhibiting variations negatively correlated 
with variations in BGA biomass. 

Average ARA per plot (65 	 values) showed 
values equivalent to 2-42 kg N/ha per crop (mean 
24 kg N/ha per crop, CV 31%). 

A positive correlation was 	 found between 
average ARA in the 65 plots and grain yield, which 
agreed with the high ARA and yields observed in 
plots where urea was deep-placed, and lower yields 
and ARA in plots where urea was broadcast. 

No correlations were found between ARA levels 
and N treatments. This may resu!t from the 
relatively low range of variation of average ARA 
values in each set ofdata but may also indicate that 
N fixed by the PAB was little utilized by the crop. 

Analysis of BGA and azolla (Tablc 3) shows 
higher ash and N contents in BGA than in aquatic 
macrophytes. Average P content was higher in 
azolla than in BGA, probably because azolla was 
analyzed when actively growing, partly at the 
expense of the nutrients released by decaying BGA. 
Pcontents of BGA and azolla growing in the same 
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Table 3. Composition and nutrient content of the standing photosynthetic biomass when photodependent N2.fixers are 
dominant. IRRI, 1987. 

Component Source (no.) Minimum Maximum Average Median Variance CV (%) 

CompositionAsh (%) BGA 400 36.4 73.6 52.8 52.5 52.8 13.8
Azolla 115 12.8 35.4 24.0 24.0 15.4 16.4 

N %), ash-free BGA 400 3.3 7.2 5.0 5.0 0.5 13.9Azolla 112 2.7 6.0 4.1 4.0 0.3 13.0 
P (%), ash-free BGA 400 0.10 1.46 0.46 0.43 0.05 47.9Azolla 112 0.16 0.87 0.54 0.54 0.02 26.9 
C %),ash-free BGA 400 16.8 45.7 33.8 34.3 15.5 11.6Azolla 110 30.3 45.3 37.8 38 8.1 7.5 
C:N, ash-free BGA 400 4 10.8 6.9 6.7 1.5

Azolla 110 6.9 14 9.3 9.3 
17.8 

1.6 13.7 

Nutrientcontent (kg/ha)N BGA 400 0.2 16.8 4.6 4 8.5 63.4
All a 318 0.2 17.1 6.3 6.1 8.9 47.7 

P BGA 400 0.02 2.0 0.45 0.37 0.11 71.5
All 318 0.02 2.0 0.63 0.60 0.2 55.0 

C BGA 400 1.15 132.4 30.8 30.0 345 60.3
All 318 2.20 122.0 49.6 47.4 602 49.5 

aBiomass comprising both BGA and azolla. 

plots were positively correlated (% P in BGA Table 4. Azolla collection as of 6 Nov 1987. IRRI, 1987. 
0.68 % P in azolla + 0.17).


Records of the standing PAB (including ash) 
 Species Code Accessions (no.)
 
ranged from 0.2 to 17 kg N/ ha, with an average of 
 IRRI UCLa Total 
6.3 kg N, ha (Table 3). Average biomass N was A.pinnat var. imbricata 0 86 31 117 
higher when BGA and azolla were present (6.3 kg A. filiculoides 1 37 44 81
 
N ha) than when only BGA 
were present (4.6 kg A. mexicana 2 5 0 5 
N, ha). A. caroliniana 3 18 26 44

A. microphyllaThe average ratio from estimated N2 fixed to A. nilotica 4
5 

39
1 9

0 48
1

maximnum N in standing PAB was about 2 to I, A. rubra 6 5 4 9 
indicating an average residence time of half a crop A. pinnate var. pinnata 7 15 31 46 
cycle. Unclassified 8 1 1 2 

Total 207 146 353 
Hybrids 20
aUCL (Universiti Catholique de Louvain) strains similarSoil Microbiology Dej)artmcntt to those in the IRRI collection are not included. 

Azolla collection and distribution. Through col
laboration with the Universit& Catholique de 
Louvain (UCL) in Belgium, we secured 150 (0-8) are assigned in the Ist digit. For example,
accessions from Van Hove's collections, bringing previous accession no. 418 is now 4018 (species
the total accessions- to 353 in 1987 (Table 4). digit=4). Accessions from UCL were numbered 
Among them. 20 are artificial strains. To accom- from 501 in each species.
modate more than a hundred accessions in one In response to requests, 243 accessions were sent
species code, we added another digit to the code to 27 people from 10countries. A. inicrophyllawas
numbers. The numerical codes to identify species most requested. 
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R*6chemical classification. To classify and Female 
identify species and strains, biochemical classifica- Enzyme Feno parent 
tion isuseful. In collaboration with 1. I.umpkin of'.cophl H40i84030 A. ids40}18 4028 4030 1001 
Washington State tJniversity in the USA. poly
acrylanild gel clectrophoresis for isocnvmes of 
the a/olla leaf' was standardiied. Fifteen el/\Ilcs 
%\eretested. Among them, shikimic dehyd rogenase 
(SKI)) and 6-p1hosphogluctoate dchydrogenase (6 
I(D)J wcre most useful for separating accessions. 
1ecaus, /\'iiograis (elect rophoresis patterns in
iso/yncs) of roots were different from those of 
leaves including stems, roots were removed frol 

the a/olIa samples. Zymograns of ..Inalacna-frec 
aolha werc sinilar to those of corresponding 
sym iot ic a/ol la. indicating that the ezlymes in the
algac are not extracted. The effects of physiological 

conditions of a/olla on /ymograms were also 
small. Z Vlograrls of Ihizo.Vui(rm and z.-ol/Ia 
were distinctly different. Zvmograms of .-.micro-
pi/fla strains showed great geographical 
variability. 

Hybridization. Sexual hybridization was suC-
cessful. After eHnaSculat ion (lanually removing 
massulae attached to megasporocarns), massulae 
a' another species were mixed with megasporo-
carps. A. /?liculoides (1001) and A. microph ila 
(4018) were used as male or female parents. When 
A. microph *kIwas used as itfemale parent, many 
albino sporophytes appeared among 765 crossed 
megasporocarps, but only 3 strains survived, 
Among them, one strain (4029) was Anahaena-
free. Zymograms of hybrids (4028, 4030) were 
compared with those of the parents (Fig. 4). The 
enzyme hands common to the parents appeared in 
the hybrids, confirming the hybridization. '[he 
hybrid plants showed red pigments in the field, but 
A. nicro V/rlIa 4018 did no,. During cooler season 
in Los Bafios. the hybrids developed longer stems 
than A. nucroph V//a, but slighlly shorter than A. 
/iliculoi/es.E-longatcd stems are characteristic of 
A. filiculoidhes. No megasporocarps, but only 
microsporoca, ps Were formed on the hybrids. 
There are no or few septa in the glochidia of' the 
massulac. of the hybrids, as in A..i/lwuloi(es. 

Screening for high temperature tolerance. Step-
wise increase of" feni eralure. An azolla strain 
grown for 5 d at 22 'C (26 light 18 dark) was 
transferred to a small cup (6.3 cm diameter) and 
kept under controlled light (30 klx, 12 12 I light-
dark period with 8 °C difference between periods), 

6PGD 

i 

SKOH I I 

-

I I 

- -

-

-

4. Z 4 a in h 1 

Temperature was increased stepwise: I d at av.irage 
28 'C (32 light/24 dark), I d at 30 'C: every 2 d at 
32, 34, 36 'C; and, finally, 5d at 38 'C. Scores of 
temperav:re, color, and coverage were recorded. 
A fter the '8 'C treatment, final fresh weight and, 
in some cases, N content were determined. 

Generally, high temperature-sensitive strains 
showed yellowing and necrosis at 38 'C and 
produced less hiomass. But A.lpin ,;natavar.pinnata 
remained green despite biomass reduction at high 
temperature. From the fresh weight after treat
ment, azolla strains were classified as tolerant, 
intermediate, or sensitive. All the tolerant strains 
were from Latin America (Colombia, Brazil, 
Guyana, and Paraguay). A. pinnata var. pinnata 
strains from Africa and Australia were sensitive. 
Figure 5 shows the geographical distribution of 
the collection sites of tolerant, intermediate, and 
sensitive strains. 

Response olazolla with Anahaena.from another 
species. Anahaena from A. filiculohes was intro
duced into A. microphylla and vice versa. A. 
mnicrophl/la is more tolerant of high temperature 
than A. filicz/oites. Azolla was grown at 33 OC
 

with 8 'Cday and night temperature difference. A. 
filiculoides (1034) stopped growing after 2 wk, but 
A.fiiculoides with Anahaena from A. microphv/la 
(1035 and 1038) continued to grow. However, it 
produced still less biomass than A. microphylla 
(4031). lhe growth of A. microl)phl'l/a with 
A,nahaenafrom A../ lictdoihs(4033)was less than 
A. micrTph*vla(403 I). This find ing shows that the 
response to temperature was controlled by the host 
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5. \\'old distribution oI tenipera tl¢-iolerant and - eIh/a.i An a/)lla. 1987. .'.# 'phJ il i t/e AI"= /ii'uhudte.., Arne.'1.nit'lila. Api --.- I, piwlllala a rI. iailrh lal. A pp I=,,. A1.niwxihana, Aini A.pinnazall \ar. pinntaza, Ar = A. rahiu. 

'Iud by the correspondring Aflah(Wfl Both fern Growh (g fresh weight/m 2 )

and Aina/ana of AI. fi/iculihdjs were Sensitive 
 to 2000
 
high temperature. In the presence of combined N, -- A(1034) With N
 
the growth differencc was cont rolled nosttv bv the - Afma (1035

- Am(403 ) 
fern (Fig. 6). ... mio (4033) 

Growth and nilrog, /ixa/io1of th' h '/)rids. 
The h\ybrid was grown in the phytotron at 33 'C in 1000 .
 
N-frce condition. The biolass and N contents at
 
28 d show that hybrid growth was intermediate
 

/li/uthid.\ and ,A.helen .'I. Amirophlila, but N 
content was similar tothai of A. Inicrophrlla or 0
 
higher (Table 5). Ht igher or similar N content was
 
consistent v'ith higher or similar N fixation activity. 
 2000 
Hlybrid vigor in N fixation was also suggested. Without N
 

Phosphorus nutrition of azolla. ,oi-availah,/
/IU).Vphuu anll)I.Vqdhorus CO/?h'/l\s ofazlhk, i 

Sil'ryCs of aolla in the Pjhilppines, soil samples 
were taken fron a third of the sites. The average 1000 -
Olsci 1) of 70 samples was 24.4 rug P kg. This 
valtu Seems higher than tie Philippine average .......... 
tahout 8-10 ing P kg), probably because soils 
\\ here a/ola was grown were already high in 

available P. The corielation coeflficieni between 00 1 210 20available 1) of soils and P contents was 0.3 or 0.39 Doys
(ranking). When coverage of azolla in the fields 6. Growth of azolla and heterologousAnabacna, IRRI, 1987. 
was less than 10%, the correlation coefficient was Af = A.filiculoides, Ami = A. microplhylla, Afma = Af with
significant (r = 0.53 or ranking r = 0.60). Anabaena from Ami, Amfa = Ami with Anabaena from Af. 

30 
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Table 5. Biomass and N contents of azlla hybrids and 
their parents at 28-d growth at 33 °C (37/29 0C) in N-
free condition. IRR I, 1987. 

Trial 1 Trial 2 

Strain iase
(g/mas (%) (g/mc) o 

4018 (parent) 1360 3.7 1100 3.5 
1001 (parent) 330 1.4 145 2.4
4028 (hybrid) 1090 4.8 800 3.9 
4030 (hybrid) 1140 5.0 800 4.1 
4052 (hybrid)a 1124 4.8 852 3.3 

aFrom China. Female parent was A. microphylla and male 
parent was A. filiculoides,but strains were different from 
4018 and 1001. 

Groivil o/ azolla .WeCi'. a/ier phosldloruts 

dehienci. A -l. pinnata var. pinnala,.finnata (5). 
(7001 ). .1 exiana (3010), ../iliculoih.s (( .)I), 
and .AI. microldi/la (4018) were grown in P-
deficient media, then inocuhlkited into flooded soils 
that received 0. 40, or 80 ing 1) kg. Soils in small 
pots received P fertilizer I wk before a/olla 
inoculation. A. microlph*i//a and A. /ilicuhi)ies 
grew poorly in soils without applied P. Other 
species could multiply insoils without P applica-
tion, but their P contents were below 0.1l"0". In soils 
with 40 nig P kg, growth arid P absorption were 
larger in -1.pinn/tta and A. pin/ta/a var. innata 
than in A. 'aroliniam:.The application of 80 rng 
P kg inhibited the growth of A-.pinnata var. 
/)I11l111a. 

Thus, A. Initrophllaand A. /liu/oi hes seem 
more sensitive to P deficiency. ,-A.ifinnaa (2 
strains) seems more efficient in absorbing P under 
P-deficient conditions. 
Ih:the field plots. ) fertilizer was applied after 

growing A. pinnala (5), A. pinnata var. pinhata 
(7001). A. inexicana (3010), and A. tnicroph/la 
(4018) inder P-deficient conditions Ir 21 d. P 
contents were 0. 1(,ror less when P was applied. The 
growth of' A. /)innata (5) recovered first. The 
recovery of growth and the increase of N content 
were slowest in A.mivroph*l/a despite the greatest 
ARA and N content at their peak. The results of 
both experiments suggest that A. iicrophylla is 
sensitive to P deficiency. 

l/efict o( dianmmoniutm phovphate on azolla. 
Diammonium phosphate (DAP) contains 18% N 

and 2 1% P. The application of DAP at 7 kg P/ha 
was split 12 times. Urea and triple superphosphate
(TSP) at the same quantity of N and P as applied 
by DAP were also applied. After 4 wk, fresh 
weights of A. microph vla were 1.1, 1.2, 3.0, and 
3.0 kg/m 2 in the control, urea, TSP, and DAP 
treatments. Thus, DAP was as effective as TSP. 
N gain in DAP-treated azolla ever urea-treated 

azolla was 42 kg N/ha, meaning that I kg of DAP 
application stimulated N gains equivalent to 2.8 kg
of urea. DAP can be used as P fertilizer to 
stimulate azolla growth. 

Availability of nitrogen to the rice plant. 
I)ecomlosali/ilyof/azolla as affi'cted /i nitrogen 
content. After incorporation of azolla, its decom
position made N available to rice. The mincraliza
tion of tour strains of a/olla under flooded condi
tions was studied. The N content of azolla was 
changed by changing its 1) content, because N 
content decreases as P content decreases. Mineral
i/ation rates (mineralized N,total N in azolla) after 
2-wk incubation were plotted against N content of 
aolla (Fig. 7). Except for A. pinnata (7001). 
decomposability decreased as Ncontent decreased. 
At 3.5"i N,decomposability was about 50%. 

Itilization ofazolla nitrogen1y rice. Recoveries 
of 15N in the second crop of rice and 15N balance 
after 2crops of rice were studied. Labeled azolla or 

Decomposition rote t 2 A M) 
120 

100 

80 v V 
o
 

60 
0 

40o A-#5 
40 V YA,# 0i 

0 
:
 

0 /i I 
023 4 5 6N M 

7.Mineraliation of a/olla under flooded conditions, by N 
content, IRRI, 1987. Ap = Azolhl pinnata. Ac = A. caro
liniana.Ami =,. microphylla.App=A.pinnatavar.pinnata. 



Table 6. Balance sheet of labeled azolla N and urea for 2 
rice crops. IRR), 1987. 

Treatment 

1d bLiore 42 dafter 
transpla n ting transpla ntin gazola
15N zoll 


14N azolla 15N azolla 
15azolla 1 N azolla 

1
14N urea 5N urea 
14N urea 15N urea 

urea N azolla 

urei was applied I d 

15N recovery (%) 

1st 2d Soil Unaccounted 
rice rit ,c fo r149.3 .4 3.5 2.8soils 

39.3 4.4 43.5 12.8 

630 4.0 31.3 1.7 

27.3 4.1 41.9 26.7
48.0 2.9 18.3 30.8 
56.1 3.8 38.8 1.3 

before and 42 d after 
transplanting rice. The result after the first crop of 
rice was reported in the Annual report for 1986. 
Recoveries of 15N from azolla were higher than 
those from urea ('able 6). No differences were 
found in the recovery of 15N in the second crop of 
rice, ilndicating that a/olla N was not decomposed 
during tile firstcrop of'rice, but utilization in the 
second crop was negligible, 
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\/)I.l.A APF'IIl) RIFSIFAR('I 

irainilig and( lechtiologr raiirs/er andI Soilj
.1i(rot)bio/) I)e/)artmenns 

Because the srvevofazolla N and P content and
i l s e thesr a t usn P co nt e nshowed thle higher P status in the 13icol Region 

(Albay, Camari nes S tr, Camarines Norte, andSorsogon Provinces, Philippines), the growth and 

use of azolla were monitored in the region. Thegrowth ol some a/olla strains was tested at some 

sites (Table 7). At most sites, ,,.)inlaz (5) and A.
 
nm.vicana (3010) produced higher biomass 
 than 
other strains. Biomass production of' A. pinnatavar. pinnara(7001) varied less with site, though it 
was low. Three split applications of P at a total of 
7 kg P/ha increased biomass of all azolla -t rains, 
but the effect on strain 7001 wa, minima,. The 
application of DAP was effective in improving 
azolla production and its P content in farmers' 
fields. In Oas and Polangui, Albay, azolla growth 
was most abundant. In Camarines Sur, azolla use 
was most promising in Nabua, Baao, and Bombon. 

Table 7. Azolla biomass production for 20 d without P at 8 sites in Albay Province, Philippines, 1986-87. 

Biomass productiona (kg/m 2 ) 
Strain October 1986 February 1987 
no. 


Ligao Ligao Oas Polangui Polangui Oas Average STDLigao Oas(87) (15) (50) (45) (10) (34) (29) (12) 
5 1.7 1.6 0.5 0.6 0.5 1.2 1.5 1.73001 0.8 1.2 0.51.4 0.4 0.8 0.5 0.6 1.2 0.63010 1.3 0.8 0.30 0.7 0.9 0.4 1.0 1.1 0.94018 0.4 0.9 0.8 0.40 0.7 0.5 1.1 1.1 1.0 0.77001 1.5 0.41.1 0.6 0.7 0.8 0.7 1.0 1.1 0.9 0.3 

aNumbers in parentheses represent Olsen P (ppm) for the various sites. 
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DECOMPOSITION OF 14'-I.AIII.E) RICE STRAW IN 
PAI FAQUIl.TtS IN PFHII.IPPINES ANI) 

NORTHFASTFRN THAIIAND 


Soils Dl)lartment 

Field experiments with "C-labeled rice straw were 
conducted in randomized complete block designs 
(RC1I3)) with 4 replications on tie IRRI farm 
(ongoing since Sep 1983) and at the Chumipae Rice 
Experiment Station, northeastern Thailand (Jul 
1984-.lul 1987). l.abeled straw (equivalent to 
3 t ha) wa. incorporated into til top 1.5 cm. 

The Aerie i'aleaquult at Chunpae has lower 
organic matter content, clay content, and cation 
exchange capacity (CEC) values than the I R RI soil 
(Table I).The dry bulk density of soils at Chumpae 
is higher and hardly decreases after flooding and 
puddling. The lower bulk density of the Acrie
Paleaqtult at IRR! (set in ats mionoliths) decreases 
after flooding and puddling to 0.5 g/cmn in the top 
15 cm. 

The decomposition patterns of 4C-labeled1 rice 
straw at both sites are shown in Figure I. Decom
position is rapid during the first months. There-
after decomposition at Chumpae slows, leading to 
half lives of more than 10 yr for the more resistant 
metabolites and residue. At IRRI we found half 
lives of 2yr irrespective of water regime. A half life 
of5 yr in the nonsubmerged treatment at Chumpa 
is estimated because of missing data I yr after 
incorporation, 

The retarded decomposition at Chumpae is 
likely caused by the higher bulk density and lower 
CEC. The resulting low pH-buffer capacity at 

microspots of acid formation during decomposi
tion limits bacterial activity. At IRRI, the high 
CEC and wide soil water ratio (low bulk density) of 
the puddled layer provide a better buffer system, 
resulting in faster decomposition. High biological 
activity of aerobic soil macrofauna (snails, tubifi
cids) enhanced decomposition in the continuously 
submerged soil at IRRI, resulting in the same half 
life as in the nonsubmerged treatment. 

100o 
U Lowland, crupped,Chumpoo 

70 

50 

40 
50 
"-

_ 

. 
V Lowland, bare, Chumrpoe• Upland, bare, Chumpoe 

0 Upland, IRRI 
u.od, IRR 

0 Lowlid, Rifi 

30 

20 

10 5 10 15 20 25 .30 35 40 

Months 
t. Decomposition patterns of 1

4
C-labeled rice straw in Aerie 

Paleaquults at the Chumpae Rice Experiment Station, north
eastern Thailand, and at IRRI, Philippines, 1987. 

Table 1. Characteristics of soils used for decomposition studies of 1 4 C-labeled rice in the fields at the Chumpae Rice 
Experiment Station and IRRI, Philippines, 1987. 

Soiltrai Dry butk 
Soil type depth pH CECa Organic Clay Silt Sand denity 

(cml (H 2 0) (meq/100 g) matter W (%)M cm)(cm) W0/cml ) 

Chumpae
Loamy, kaolinitic 0-10 5.2 7.05 0.94 21 33 46 1.44 

Isohyperthermic 10-20 5.9 10.5 0.87 26 29 45 1.39 
Aerie Paleaquult 20-30 6.5 11.9 0.74 32 26 42 1.33 

30-40 6.4 11.5 0.60 31 28 41 1.33 
40-50 6.2 12.9 0.54 35 28 37 1.40 

IRRI
Fine, mixed 0-10 4.9 25.3 3.2 48 46 6 1.06 

Isohyperthermic 10-20 5.5 22.3 1.5 48 43 9 1.15 
Aeric Paleaquult 20-30 5.6 22.1 1.0 51 40 9 1.14 

30-40 5.7 20.8 1.0 51 40 9 1.11 
40-50 5.8 20.4 0.68 53 39 8 1.09 

a Cation exchange capacity. 
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The measurements Of remaining C in soil pro- EFFECT OF MULCHING AND WEED CONTROLfiles at Cliumpae after 3 yr (Fig. 2) reveal that ON RICE GROWTH AND YIELD INstraw-C was not translocated downward but up- ACID UPLAND SOILS
ward. The traffic pan restricts translocations down-
 Soils and Agronotnr Departments
ward, and evaporation is higher than precipitation(ascending water regime) during the fallow dry In an acid season (DS). 

upland soil in Balabag, San Dionisio,
Iloilo, Philippines, we evaluated the effect of riceThe decomposition patterns confirm that, under straw mulch on the growth and yield of rice in asimilar climates, the soil pH and its buffer capacity farmer's field during the 1986 and 1987 wet seasonsunder actual field conditions may be the leading (WS). Varieties Kutian and LIPLRi-5 were useddeterminant of decomposition rate. with two levels of mulch and two levels of weedSince the soils at Chtumpae have lower organic control in a factorial (split-plot) RCBD replicatedmatter (OM) content despite lower decomposition four times.rates, the annual biomass production and its Rice straw mulch was applied on the soil surfacerecycling into the soil must be much less than at 

I R R i. 
in bundles between the rcws after rice germinated.
In I treatment, preemergence herbicide butachlor 

Soi depth (cm) 

0 - 5 :::..........:::::::.......:.:........:::::.......::
 
....
 

5-10 

15-20 ..........
 

One irrigated rice crop, dry fallow 

20-30 

SReplicotion 130-40 Lowland, no crop, dry fallowReplication 2 

Replication 3 
*Replication 4 

40-50 

0 2 4 6 8 10 12 14 16 0 2 4 6 B 10 12 14 16 
14C()

2. 14C remaining from labeled rice straw 3yr after incorporation into aloamy, kaolinitic Aeric Paleaqoult (1.4% OM, 21% clay, pH5.2, CEC 7.05 meq, 100 g)at the Chunipac Rice Experiment Station, northeastern Thailand, 1987. 
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was applied 2-3d after seeding (DAS); in the other, 
weeds were pulled by hand and left between rows. 

Mullch significantly increased grain....yields of 

both rices in both years (Table 2). The effect of"~~ 


mulch was greater on traditional rice Kutian than 
on JPlIl.Ri-5. ' his would be expected in 1987 
because of delayed and lower rainfall - the worst 

dirought in 10 yr. In drought, Kutian's dcep rooting 
is le pronounced Inl Mulched Plots. 

pert ormance was related to rainfallVarietal 
pattern and soil moisture. In 1986, with less 

moisture stress, UlITRi-5 had significantly higher 

yields than Kutian.In 1987. yields were similar. 
Grain vierds were similar ICrfrherbicide applica-

11on and IOr hand weeding. 
At 10- and 3[)-cin soil depths, n itilched plots 

had twice as inuch water stress asinMulched plots. 
)uring the growth period, water tension at i0-cm 

depth avciaged 45 kPa in Unmnulched plots and 
only 20 kPa in mulched plots (Fig. 3). At 30-cm 
depth, avcragcs were 25 kIa and 10 kPa. 

\t I R IlN I K INI- I IC S AN I (1"I AKI BY KICE 
A') Al FII 1 1)HY AI)1 I ION OF RICI: STRAW 

IN COMIBINAI ION WI IIl(RIEN MANUIRE ANI) 
INOIR(i/\NI( NII Rt(iIN FER I II/ZER 

Soils lk/'mrfin'nt 

I'rev ious cxpcriments with IR36 demonstrated 
that incorporation of rice straw immobilizes N 
thiou0ghoUt the growing period. 

In the greenhouse, we studied the effect on 
nutrient kinetics and uptake of adding rice straw 
and green Manure (iM) or inorganic N fertilizer, 

Table 2. Grain yield of rice with different levels of mulch 
and weed control in acid upland soils. Balabag, San 

Philippines, 1986 and 1987 WS.Dionisio, Iloilo, 

Grain yield (t/ha) 
Treatment 

1986 1987 

Kutian, mulch, herbicide 1.26 b 1.67 a 
Kutian, mulch, hand weeding 1.01 b 1.07 b 
Kutian, no mulch, herbicide 0.74 c 0.50 c 
Kutian, no mulch, hand weeding 0.99 c 0.49 c 
UPLRi-5, mulch, herbicide 1.68 a 1.01 b 
UPLRi-5, mulch, hand weeding 1.87 a 1.00 b 
UPLRi-5, no mulch, herbicide 1.49 ab 0.50 c 
UPLRi.5, no mulch, hand weeding 1.49 ab 0.44 c 

Soil water polential (kPa) 

80 - MuCd nc 
--t.Cledc-

Mulched 10Ocrn 

70. -- u,ced I~eklceopClty 
60 -

5-
I\

/ ' / 

4o " 

\0 

20 -
10-4/. N 

0 1749 60 68 75 8285 90 

seedingDays after 

..Soil water potential in mulched and umnulched upland 
areas, Balagbag, San I)ionisio, Iloilo, Philippines, 1987. 

All treatments received 25 kg P/ha as triple 
superphosphate (TS.;P)and 25 kg K/ha as KCI. No 
rice was planted. 

'The soil was a loamy Aquic Ustifluvent from 
Concepcion, Pampanga, Philippines (pH 5.7,0.5% 
organic C,0.05% total N, CEC48 mmol/ kg, Olsen 
P 27 ng/kg, available Zn 4.5 ng/kg, 8% clay). 

Soil solution NH 4 '-N with and without GM 
increased fairly rapidly tip to 20 DAS and became 
almost constant at 50 DAS (Fig. 4). Straw de
pressed soil solution NH 4 -N, while adding an
monitu silIate or sesbania enhanced it. 

When straw was combined with either sesbania 
or N fertilizer., initially soil solution NH 4 1-,q was 
higher than in the control. But 'rom 30 I)AS the 
concentrations were either the same as in the 
control or lower. The kinetics of exchangeable 

+_N
 
NH 4 was similar o that of soil solution 
N H4 -N. 

2
Ferrous and M n concentrations were higher 

for treatments receiving GM,while ammonium 
sulfate had no effect. Soil solution Zn 2+ concentra
tions were lowered insignificantly by GM.Addition 

of' UM increased soil solution K ' considerably. 
Coribining straw and sesbania resulted in the 
highest K' concentration, tip to 93 mag/liter at 15 

I):,!;(control, 48 rg/litcr). ( M initially decreased 
soil solution P but increased concentrations at 15 
I)AS. '[hereafter, no significant difference was 
f'otnd between the treatments. 
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Soil solution NH4 -N (mg N/liter)
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segsaNd 100 b 
AS55 

15/
 

_(nN))
 Straw+bc50/
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15ra Control InoNI 

30 AS30 

80 1 0 0 12040 60 
60 80 1 00 12 0 0 20

0 20 4 0 

Days after flooding
4. Kinetics of soil solution NH 4 -N in a flooded soil as affected by incorporation of a) straw, and Sesbania alone, b) ammoniumGreenhouse experiment, IRRI, 1987.

and ammonium sulfate.straw + Seshania and d) strawstnllac alone, c 

with con-A 5ield experiment in Concepcic 
mnonium sulfatebi4.d treatments of straw and 

(45, 75, 105, and 135 kg N/ha) confirmed the 
results from the greenhouse experiment. Grain 
yields were lower with straw than without straw 
except when 135 kg N/ha was added. If N is the 
only yield-limiting f'actor, straw amendments arcnot recommended. But at sites with Fe, Mn, P, and 
K disorders, straw application is beneficial, espe-
cially when combined with GM or N fertilizer. 

(;)oW'll OF RI'lI ON I RoN-IOXI( SOIL 
AS AHT'TII1Y tIRAW IN()I,,ORATIONAS AIR BYI( RAWINC ORPORATION 
ANI) lkR FSt BI IMR N([: 
,Soils I)cparll,,,' 

[he elect of rice straw incorporation and soil 
submergence before transplanting on the growth
and yield of rice (Table 3) was evaluated in inland
Fe-toxic soils in San Dionisio, Iloilo, in 1986. Rice 
straw was chopped (3-5 cm) and incorporated at 5 
t/ha in dry or presubmerged soils I d before 

straw incor

rice grain yields in inland Fe-toxic 
Table 3. Effect of 2 water regimes and rice 

poration (5 t/ha) on 

soils. San Dionisio, Iloilo, Philippines, 1986. 

Grain yield t/ha) 

Variety or line No pre-
submergence 

No With 
straw straw 

Tolerant rices 
Palasithari 1.4 1.6 
Matcandu 1.0 1.2 
DV86 0.7 1.1 

Moderately tolerant rices 
IR24632-145-2-2.3 0.9 1.1 
IR29725.21.2-3.2 0.5 0.7IR31802-48-2-2 0.8 1.0 

Susceptible rices 
BR51-282.8 0.6 0.7 
BR153-2B.37.1.3 0.7 0.8
P2057-F4-48-1B 0.9 0.9 

Pre
submerged 

No With 
straw straw 

2.4 3.4 
2.5 2.6 
1.3 1.4 

1.0 1.2 
1.0 1.11.1 1.3 

1.0 1.1 
1.3 1.8 
1.2 1.6 

transplanting (DBT). For presubmergence, soils 
were flooded for 2 wk. After straw was added, rice 
was transplanted, and all soils were kept flooded 



356 IRRI ANNLAI. REPORT FOR 1t987 

throughout the growth period. Basal fertilizer was 
20 kg N!ha as urea, 8.7 Pt,, P/ha as TSP, and 16.6 
kg K/ha as nuriatc of potash. 

Both straw incorporation and presubmergence 
significantly increased rice yield. All varieties re.
sponded, but tolerant rices produced the highest 
vie!ds in all treatments. Presubmergence was more 
effective than stray' incorporation. Straw incorpo-
ration increased yield by 19% in dry soils and by 
231,; in presubnerged soils. Variations among 
varieties ranged between 4 and 521 in dry soil, and 
between 4 and 39"(' in presublerged soils, 

Presubmcrgcnce increased yield by66, overdry 
soil treatment without rice straw and by 71%b with 
rice straw incorporation. Varietal response ranged 
from 8 to 135(;. 

PresubnergencL for 2 wk was 2-3 times more 
beneficial than rice straw incorporation. The high-
est benefits calre when rice straw incorporation 
\\,as
coinbined with presublergence. 

Presubelergence and rice straw incorporation 
increased plant height slightly, [-,not tile number 
01 prod uctive tillers. )ifferences in grain filling 
produced the differences illyield. All varieties 
planted in presubenrgcd soils with and without 
rice straw incorporation had more filled grains. Il 
dry soil, rice straw incorporation produced more: 
filled grains than no straw incorporation.

The benefits of presubmergence and rice straw 

incorporation came during the reproductive phase, 

perhaps because of the remobilization of immo
bilized N, the kinetics of Fe compounds, and the 
supply of other nutrients. 

FEEC I OF CH ICKEN MANURE APPLICATION 
ON RICE GROWI H AND YIEI) 

Soils Dlepariment 

As a satellite experiment of the maximum yield 
trials on the IRRI farm, we have studied the effect 
of chicken manure application (2 t/ha) on soil 
properties and rice growth since 1985 DS. The 
experiment used a 4 X 2 split plot, with N and 
chicken manure conbinations as main plots, and 
varieties as subplots, replicated 4 times. Rice 
varieties were 1R2180-154 and IR29723-143. 

After 2 yr, the combination of N and chicken 
manure maintained OM content, and both total 
and available N. Chicken manure increased 
available P (Olsen) and available N. Chicken 
manure increased lI129723-143 yields by more 
than I t ha in DS (Table 4). Yields in wet season 
(WS) were generally lower but showed similar 
trends. In WS, plant nutrient contents of N, P, Fe, 
Cu, and Zn at 8 wk after transplanting were lower, 
but Mn contents werc higher and ratios of Fe to 
Mn were inverse. 

The lower Fe:Mn in WS may be related to less 
oxidation of the soils between DS and WS. Fe may 

Table 4. Grain and straw yields at 2 sites as affected by N and chicken manure treatments. IRRI, 1987 DS and WS. 

IR29723-143 yield (t/ha) 

Treatment a 

Cuntrul 

Chicken manure, 2 t/ha 
118 kg N/ha as USG and PU 
118 kg N/ha as USG and PU 
4 2 t/ha chicken manure 

Control 
Chicken manure, 2 t/ha 
118 kg N/ha as USG and PU 
118 kg N/ha as USG and PU 

1 2 t/ha chicken nianure 

aUSG urea supergranues, PU 

Grain 

4.14 c 
6.20 b 
6.83 b 
8.47 a 

4.29 c 
4.96 c 
6.95 b 
7.96 a 

prilled urea. 

Dry season 

Straw 

Block M13 
4.68 c 
5.32 c 
6.89 b. 

8.18 a 

Block 424 
4.84 c 
5.62 c 
6.90 b 
8.13 a 

Wet season 

Grain Straw 

3.48 c 4.76 b 
4.40 b 5.41 b 
5.07 a 6.46 a 
5.20 a 7.14 a 

3.89 b 4.58 c 
4.79 ab 5.31 bc 
4.20 b 6.30 ab 
5.18 a 7.37 a 
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remain precipitated as FeCO3, while MnCO 3 is crop on the survival of rhizobia, grain yield, and Nchanged to Mn oxides faster, resulting in higher accumulation in succeeding WS and DS rice cropsavailability upon reflooding. Plant nutrient con- (1986-87), plus total N balance. The followingtents of 1R29723-143 (Table 5) in 1987 DS at the treatments and crop sequcnce were included:main maximum yield trials (grain yield 7.9 t/ ha at I) flood fallow - rice -flood fallow rice147 kg N/ha and 50 kg P/ha) reveal lower plant N, (F/ R/ F R), 2) Seshania (uninoculated) - rice -Ca, and Fe contents, inverse Fe: Mn, and higher Cu Seshania (uninoculated) - rice (S-/ R/S-/ R), andcontents. In the chicken manure trials, we found in 3) Seshaia (inoculated) - rice -Seshania (inocula1985-86 that inorganic P application (50 kg P/ha, ted) - rice(S+/R/S+'R). In inoculated treatments,split application as single superphosphate) de- Seshania was inoculated with Azorhizohiumcreased plant N, Ca, and Fe uptake, leading to caulinoldans ORS571 (resistant to streptomycinnutrient imbalances, and spectinomycin)' in the soil. seed. and stem 
(spray) in the first crop and in the seed and stem 

AQU1ATIC GRIN MANURE 
(spray) in the second crop. S. rostratawas grownLEGUME AND and incorporated at 45 d after emergence (DE)RIIZOItIA (;IRMIIIASM before WS rice and at 55 DE before DS rice.Soil Mic'rohiology Department Effect on survival of A zorhizobium caulinodans. 
A. caulinodans was counted by the plant infectionFifty ecotypes or species of Sesbania, Aesch)no- (most probable number [MPNI) and antibioticmene, Neptunia, Crotalaria, Pueraria, Calopo- plate count methods for total and inoculatedgonium, and Macroptilium, and 110 strains of azorhizobia, respectively. Counts in soil were madeAzorhizohiuml, Rhizohiunm, and Brad,rhizohiumn at I) I d after inoculation (initial), 2) 1 d after theare maintained. Major legume genera, number of first Sesbania incorporation, 3) 1 d after the firsttheir ecotypes or species, and sources are as rice harvest, 4) I d after the second Sesbaniafollows: Aesch'tnometne, 24 from USA, China, incorporation, and 5) 1 d after the second riceIndia, Madagascar, Senegal, and Brazil; Sesbania, harvest (Table 6). Counts associated with rice roots12 from Indonesia, China, India, and Madagascar; were made at maximum tillering and heading ofand others, 14 from China, India, Thailand, and both crops (Table 7).Indonesia. The initial count of native rhizobia in soil was 

2,500 MPN/g dry weight. In the F/R/F/R treat
ment, this level remained constant until the end ofSESBA NIA ROSTRA TA: A GREEN MANURE FOR the first crop and then declined during the second
 

LOWLAND RICE 

Soil Microhiologj, Department 

crop to 20 MPN/g dry weight. Sesbania incorpo
ration in both uninoculated (S-/R/S-/R) and
inoculated (S+/R/S+/R) treatments increasedA pot experiment evaluated the effects of the number in both crops, but declined to the initialRhizohiuan-inoculated Seshaniarostrataas a GM level at the end of the second crop (Table 6). No 

Table 5. Comparison of nutrient contents of plants at 8 wk after tran.-planting in a maximum yield trial and chickenmanure experiments. IRRI farm, 1987 DS. 

Site N (%) P %) K (%) Ca %) Mg (%) Fe (mg/kg) Mn (mg/kg) Cu (mg/kg) Zn (mg/kg) 

N13 1.86 0.25 2.9 0.14 Maximum yield trial0.16 50 195 440B2 2.16 0.26 2.8 0.17 320.17 55 276 47 35Chicken manure 
M13 2.97 0.22 2.3 0.24 0.18 228 144424 2.49 0.23 2.4 0.22 0.18 

25 36
227 153 27 44 
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Table 6. Population of total (most prebable number [MPN] method) and inoculated (antibiotic plate count method) 
azorliizobia of Sesbania rostrata in soil as affected by green manuring and rice cropping. IRRI, I,.6 WS and 1987 DS. 

Treatment 

Flood fallow- rice 
flood fallow - rice
 

Sesban;-7 (uninoculated) 

rice - Sesbania 
(uninoculated) - rice 

Sesbania (inoculated) 
rice - Sesbania 
(inoculated) - rice 

Log1 0 cells/g dry weight of soil 

Initial 

1 d after first 
Sesbania incor-

poration 
1d after first 
rice harvest 

1 d after second 
Sesbania incor-

poration 
1d after second 

rice harvest 

MPN Plate MPN 
count 

3.4 0.0 3.1 

3.4 0.0 4.9 

7.1 7.7 6.6 

Table 7. Population of total (most probable number 
[MPN] method) and inoculated (antibiotic plate count 
method) atorhizobia of S. rostrata associated with rice 
roots at maximum tillering and heading.a IRRI, 1986 WS 
and 1987 DS. 

Log10 cells/g dry weight of 
rice root 

Treatment At maximum 
tillering At heading 

MPN Plate MPN Plate 
count count 

Flood fallow - rice- 2.8 0.0 3.7 0.0 
flood fallow- rice 

Sesbania (uninoculated) - 4.9 0.0 ,".2 0.0 
rice - Sesbania 
(uninoculated) - rice 

Sesbania (inoculated) - 5.9 6.0 6.5 5.3 
rice - Sesbania 

(inoculated) - rice 

AeeragesofWSandDOS crops. 

antibiotic-resistant strains were found in F/R/F/ R 
or S-/ R/S-/ R. The counts of inoculated azorhi-
zobia declined in both crops and throughout the 
experiment (Table 6), suggesting that the inocu-
lated strain may not be more ecologically cam-
petitive than the native strains, even though it is 
more effective in nodulation and N, fixation. The 
higher populations of native and inoculated azo-

Plate MPNj Plate MPN Plate MPN Plate 
count count count count 

0.0 3.5 0.0 2.1 0.0 1.3 0 

0.0 4.8 0.0 6.1 3.5 3.5 0 

7.1 5.5 3.2 6.4 4.9 3.6 <2 

rhizobia recorded after Sesbania incorporation 
may have been due to their release from degrading 

nodules. 
Because the azorhizobia counts in rice roots at 

maximum tillering and heading in the first crop 
were not different from those in the second crop, 
the averages of both crops are shown in Table 7. 
Rice plants in F/R/F/R harbored significantly
fewer azorhizobia than both Seshania - rice treat
ments at both growth stages. Antibiotic-resistant 
strains were found only in the plants of 

S+/R/S+/ R, where high numbers were main
tained. The results suggest the stimulation of 
azorhizobia by rice roots. 

Effect on succeeding crop yield and nitrogen 
balance. Incorporation of S. rostrata increased rice
grain vield and N uptake two- to three-fold over the 

flood fallow treatment. N gains were positive and 
significantly different among F/R/F/R (106 mgN/pot), S-/R,'S-/R (712 mg N/pot), and 

S+/R/S+/R (873 mg N/pot). lnoLulation gave 
significantly more N gain (873 mg N/pot) than no 
inoculation (712 mg/pot). About 80% of the N 
gained was transferred to the succeeding rice crop, 
and about 20% remained in the soil. The soil N in 
F/ R/ IF R significantly declined (-140 mg N/pot), 
but significantly increased in both Sesbania - rice 
treatments (159 mg N/pot in S-/R/S-/R and 151 
mg/pot in S+/R/S+/R). The amount of N2 fixed 
was calculated by subtracting the N gain of 
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F,'R/F/R from the N gain of Sesbania - rice increased rice grain yield significantly over the 
treatments; S+,/R/S+/R fixed significantly control (Table 8). A. a/raspera seems superior to S.
higher N (767 Ing N/pot) than S-/R/S-!R (606 rostrata--thesame rice* !ehd increase was obtained 
mg N/pot). with a lower biomass- and is easier to incorporate. 

IF\'AI JAlION (F . "SCII}VOAI:'NF El1F.Fii'I:& EVAI .UATION OF RATOONING 
AND SESHIANI.IA ROSTRA TA AS GREEN MANURE AND STEM CI'IUT'ING OF SISBANIA ROSTRAT-.

FOR I OWlAND RICE, 
 FOR VFGETATIVIE PROIAGATION 

Soil Microhiohog I)epartment Soil Aicrohio ogy Deparinu'nt 

A collaborative project with the University of Experiments were conducted in a farmer's field in
Giessen, Federal Republic of Gernany, evaluated Floridablanca, Pampanga, in 1987 WS in collab
in 1987 WS on fhe IRRI farm (Maahas clay, oration with the University of Giessen. There were
0. 123Y N. 15 ppm Olsen P,CEC 32 meq/ 100 g, 4 replications in the following ratooning treat
pH 6.3) and in a farmer's field in Floridablanca, ments: 1)seeding (40 kg seed/ha), 2) first ratoon-
Pamnpanga (sandy loam, 0.063( N,7.3 ppm Olsen ing, and 3) second ratooning. Plants were grown
P. CEC 8 me.t' 100 g, pH 5.6), 2 stem--nodulating for 6 wk and ratooned by cutting 25-35 cm above
legumes ,4esch'vnmu'ne afraspera and S. ros- the ground. Plant density, biomass production,
irata as GM for lowland rice. There were and N content were measured in two crops each of
4 replications in the following treatments: seeded and first ratooned rice and in one crop of 
I) control (no N. no (M). 2) urea at 60 kg N/ha second ratooned rice. The experiments on stem 
(40 kg/ha at transplanting and 20 kg/ha at panicle cuttings had 5 treatments with 4 replications: I)
initiation IPI]), 3) A. afrasperaincorporated, and seeded (40 kg seed/ha), 2) fifty 15-cm-long stem
4) S. rostrataincorpor aed. The GM species grew cuttings/ i 2 , 3) fifty 30-cm-long stem cuttings/m 2 ,
for 49 d until incorporation at 3d before IR64 was 4) one hundred 15-cm-long stem cuttings/m 2, and
transplanted. 5) one hundred 30-cm-long stem cuttings/ M 2.

S. rostraiaproduced significantly higher Fio- Stem cuttings were taken from 6-wk-old plants and 
mass and taller plants than (lid /. fra'spera; were pushed about 5 cm deep into the soil. 
however, nodulation, N2 fixation (measured by Measurements we2re made after harvesting the
acetylene-reducing activity), and N content (% N) plants (cutting at ground level) after 6 wk. 
were higher in A. afraspera. Both GM species Ratooning and stem cutting produced signifi-

Table 8. Aeschynomene afraspera and Sesbania rostrata as biofertilizers for lowland rice.a IRRI and Floridablarica, Pam
panga, Philippines, 1987 WS. 

Plant ARAb Dry matter N RiceTreatment height Nodules (Mmol C2 H4 /h production N yield grain yield
(cm) (no./plant) per plant) (t/ha) M (kg/ha) (t/ha) 

IRRI farmS. rostrata 197 75 11.7 8.4 1.88 157 6.5
A. afraspera 77 113 13.3 3.7 3.16 115 6.560 kg N/ha  - -
 - - 60 6.3No N  - - - 0 4.9 

Floridablanca
S. rostrata 272 91 11.1 10.2 1.72 195 4.9A. afraspera 155 216 17.9 7.7 2.61 201 5.260 kg N/ha - - 60 4.6No N  -
 - 0 3.5 

LSD (0.05) 8 47 2.0 i.2 0.23 18 0.47 
a Dash = not measured. bAcetylene.reducing activity. 

http:SESHIANI.IA
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cantly higher biomass and N accumulation than 
did seeded plants (Table 9, 10). The fewer plants in 
the ratooning and stem cutting treatments than in 
the seeded treatment were compensated for by 
more branches per plant. Short cuttings (15 cm) 
exhibited slower growth and fewer tillers, with a 
higher mortality rate than long cuttings (30 cm), 
23% versus 7%. Vegetative propagation is advan
tageous because of lower seed and land prepara-
tion expenses. 

EFFECT OF AZOLLA AND SESBANIA GREEN 
MANURE ON WETI.AND RICE 

Soil Microbiology Department 

In 1985, a long-term experiment began to compare 
the effects on rice of two GM crops that can grow 
under flooded conditions--Azolla microphvla 
4018 and Sesbania rostrata. 

In the 4th trial, Sesbania was grown for 61 d 
until incorporation. Its N content was 1.7% and 
dry matter 3.2 t/ha (Table 1I). In the 5th trial, it 
was grown until 53 d after sowing; its N content 
was 1.8% and dry matter 5.0 t/ha. Azolla was 
incorporated four times before transplanting. Its N 
content was 3.0-3.5%. The production and the 
manuring effect of azolla were better later in the 
year than were those of sesbania. 

Natural abundances of N (6 15N values) in the 
rice grain of the 4th crop were 6.0 ± 2.9, 1.2 ± 1.4, 
1.4 ± 0.3, and 2.2 ±0.3 per thousand in the control, 
urea, azolla, and sesbania treatments, respectively, 
Delta 15 N in available soil Nwas about 5 ± I. The 
contribution of biologically fixed Nwas, therefore, 
higher in rice grains in azolla-treated plots than in 

Table 9. Vegetative propagation of S. rostrata by ratooning a 

Harvest date Parameter 

10 Jun Plants (no./m 2
) 

Tillers (no./plant) 
Dry weight biomass (t/ha) 
N (%) 
N (kg/ha) 

22 Jul Plants (no./ml) 
Tillers (no./plants) 
Dry weight biomass (t/ha) 
N (% 
N (kg/ha) 

sesbania-treated plots. Because 6 15N of sesbania 
was 0.2 ± 0.05, N in sesbania originated mostly 
from atmospheric N. Higher i5N abundance in the 
rice grain after sesbania means, therefore, less 
availability to rice of sesbania Nthan of azolla N. 

INSECT PESTS OF SESBANIA 

Entomology Department 
Seven species of insects and a mite were found 

damaging Sesbania rostrata from the vegetative to 
the postreproductive phases. Three species-
Eurenia hecabe, Maruca testulalis, and Spodop
tera litura-were key pests (Table 12). Sesbania is 
an alternate host for grain legume crop pests M. 
testulalis, S. litura, and Aphis craccivora. 

INTEGRATE1D NITROGEN MANAGEMENT
 
IN LOWLAND RICE
 

Agronomy Department 

We contioued to evaluate supplementary N fertili
zer sources in the 10th (DS) and Ilth (WS) 
consecutivecropsat IRRI and inafarmer's field in 
Victoria, Laguna (Table 13). 

In DS, deep placement of urea supergranules 
(USG) gave significantly higher grain yields than 
did other treatments at IRRI. In Victoria, several 
other management practices gave grain yields 
similar to that of USG in WS. 

At both sites in DS, azolla, fresh rice straw, and 
rice straw compost were superior to the control. 
Similar results for azolla and fresh rice straw were 
obtained in WS at both sites and for sesbania as 
GM in both seasons. 

Floridablanca, Pampanga, Philippines, 1987 WS. 

Seeded First ratoon Second ratoon 

66 a 40 b
 
1 a 1.6 b
 
2.90 a 7.95 b 
2.10 a 2.01 a 

60.9 a 159.0 b 

65 a 42 b 33 bc
 
1 a 1.6 b 2.0 c
 
2.16 a 4.25 b 5.08 c 
2.11 a 1.99 b 1.94 b 

45.4 a 84.6 b 98 bc 

aIn a row, numbers followed by a common letter are not significantly different at the 5% leval by the t-test. 
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Table 10. Vegetative ;propagation of S. rostrata by stem cuttingsa Floridablanca, Pampanga, Philippines, 1987 WS.
 

50 cuttings 
 100 cuttings
Parameter Seeded 

15-cm-long 30-cm-lony 15-cm-long 30-cm-long 
Cuttings (no./m 2 ) - 50 50 100 100Plants established (no./m2 ) 126 a 38 c 46 c 78 b 93 bTillers (no./plant) 1.0 c 1.5 a 1.6 a 1.2 b 1.3 bDry weight (g/m2 ) 384 a 514 b 726 c 557 b 887 dN 1%) 2.14 a 2.06 a 2.08 a 2.01 a 1.99 aN (g/m2 ) 8.2 d 10.6 c 15.1 b 11.2 c 17.5 a 
aIn a row, numbers followed by a common letter are not significantly different at the 5% level by the t-test. 

Table 11. Azolla and sesbania green manure as biofertilizers for lowland rice. IRRI, 1086 WS-1987 WS. 

N input (kg/ha) Rice grain yield (t/ha)Crop Season and data Variety 
Urea Azolla Sesbania No N Urea Azolla Sesbania 

4th 1986 WS-DS IR54 60 96 55 5.2 7.0 8.5 6.9 
(Dec 1986-Apr 1987) 

5th 1987 WS IR64 69 70 90 4.5 5.6 6.2 5.8 
(Jul-Oct 1987) 

Table 12. Insect pasts of Sesbania rostrata in the Philip-
pines, 1987. 

Pest Prevalencea Stage attacked 
LepidopteraNoctuidae 

Spodoptera litura (F.) +++ Vegetative

Pyralidae 


Maruca testulalis ... Flowering(Geyer) 

Pieridae 

Eurema hecabe (L.) +++ Vegetative 


Tineidae
 
Endrosis nr. 
 + Late vegetative

sarcitrella L. flowering 

Hynienoptera
Eurytomidae 

Bruchophagus millipes ++ Postreproductive
Gahan

Megachilidae
Megachile sp. + Vegetative

Hem iptera 

Aphididae
Aphis craccivora L. ++ Late vegetative-

Koch flowering 
Acari 

Eotetranychus? ++ Vegetative 
cendanai Rimandol 

a n 
...= abundant, ++ = moderate, + = rare. 

In DS, azolla performed better than rice straw,
rice straw compost, and sesbania. Yields from 

azolla were comparable to those from prilled urea 
(PU) at both sites and to that from USG in thefarmer's field. 

Application of organic sources combined with
PU or USG consistently gave higher yields than the
control. These results suggest the importance of 

combining inorganic and organic N sources to 
sustain high yields. 

INTEGRATED NUTRIENT MANAGEMENT 

Agronomy Department 

Lowland rice response to various green manure 
management practices. In 1987 WS, field experi
ments evaluated the effects ofvarious GM manage
ment practices on the succeeding rice crop under
irrigated and rainfed lowland conditions at IRRI
and in farmers' fields in Tarlac and Pampanga, 
Central Luzon. Sesbania rostrata was the GM and 
1R64 the test variety. Under irrigated conditions,
rice was transplanted and direct seeded in separate 
experiments. The rainfed experiment involvedonly transplanting. 
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Table 13. Effect of supplementary N fertilizci source on grain yield of IR64 in IRRI Block G1 1,and in Victoria, Laguna,
Philippines, 1987. 

Grain yieldb (t/ha) 

N sourcea Dry season (10th crop) Wet season (11 th crop) 

IRR I Victoria IRRI Victoria 

No fertilizer N (control) 2.8 h 3.2 e 3.2 e 3.9 b 
Single sources 
PU, BS (best split) 5.7 bcd 6.6 abc 4.4 abc 5.0 a
USG 6.7 a 7.2 a 4.8 a 5.4 aFresh azolla, incorporated into soil 5.4 de 6.9 abc 4.1 bcd 5.1 aFresh rice straw, incorporated into soil 4.4 g 5.4 d 3.8 cd 5.3 a
Rice straw compost, incorporated 4.9 f 5.4 d 3.6 de 4.3 b 

into soil
 
Fresh sesbania, incorporated into soil 4.8 fg - 4.1 bcd -
Combined sourcesc 
Fresh azolla + PU, BS 5.8 bcd 6.1 bcd 4.1 bcd 5.0 a
Fresh rice straw + PU, BS 5.2 ef 6.0 cd 4.6 ab 5.0 a Rice straw compost + PU, BS 5.6 cde 6.5 abc 4.1 bcd 5.0 a
Fresh azolla + USG 6.1 b 7.0 a 4.3 abc 5.1 aFresh rice straw + USG 6.0 bc 6.4 abc 4.0 cd 5.2 aRice straw compost + USG 5.6 cde 6.9 abc 4.2 bcd 4.9 a 
aAll treatments applied at equal N rates: 116 kg N/ha in DS and 58 kg N/ha in WS. For BS application, 2/3 urea was broad
cast and incorporated at planting and 1/3 topdressed at 5-7 d before panicle initiation (DBPI). bCV = 6% in DS and 9% inWS at IRRI and 9% in DS and 6% in WS in Victoria. CFor combined applications, 58 kg N/ha in DS and 29 kg N/ha each of 
organic and inorganic sources in WS. 

lrriglat(edsites.S. rosirala seed was broadcast at Table 14 shows characteristics of the soils. S. 
50 kg! ha on puddled soil. S. rostrata GM was rostratagrown innmid..April in IRRI soil, low in P, 
grown in situ for 45 DE before it was coarsely had the lowest total dry matter and N yields,
chopped and incorporated into the soil at 1-2 D13T compared with that grown more than I mo later in 
or direct seeding of rice. Other GM management Tarlac and Pamnpanga soils, wlth higher P (Table 
treatments-stem and leaf incorporation and root 15).
incorporation- were compared with the combined GM in situ incorporation, and stem and leaf
 
application of GM and PU, and with farmers' and incorporation 'in transplanted (TPR) and direct
 
researchers' split application of PU. 
 seeded (DSR.) rice gave significantly higher yield 

Table 14. Characteristics of soils at 3 sites in the Philippines, 1987 WS. 

Irrigated Rainfed 

Soil property Transplanted Direct seeded Transplanted 

IRRI Tarlac Pampanga IRRI IRRITarlac Tarlac 

pH 6.4 5.6 4.8 6.1 6.3
5.9 5.2
Organic C (%) 1.7 0.5 1.8 1.8 0.6 1.4 0.5
Total N %) 0.16 0.05 0.17 0.19 0.05 0.14 0.06CEC (meq/100 g) 41.0 6.6 6.8 39.1 6.5 37.2 30.0Exchangeable K (meq/100 g) 0.9 0.10 0.13 0.9 0.90.09 0.06Olsen P (mg/kg) 3.2 8.9 42 5.6 7.7 30.5 1.6Soil texture Clay Sandy loam Loamy sand Clay Sandy loam Clay Clay 
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Table 15. Total dry matter yield and N accumulation of S. rostrata at 45 d after emergence on irrigated and rainfed farms 
at 3 sites in the Philippines, 1987 WS.a 

Total GM incorporated (kg DW/ha) Accumulated N (kg/ha)
Site Rice 

establishment Whole plant Stem and leaf Root Whole plant Stem and leaf Root 

Irrigated
IRRI Transplanted 1085 760 325 23 17 6
IRRI Direct seeded 1430 930 500 30 22 8 
Tarlac Transplanted 4840 4085 755 129 118 11
Tarlac Direct seeded 4030 3340 690 95 84 11
Pampanga Transplanted 4145 2920 1225 93 76 17 

Rainfed
IRRI Transplanted 3895 3576 319 118 114 4
Tarlac Transplanted 2965 2076 889 59 46 13 

a GM = green manure, DW = dry v right. 

than the unfertilized control in Tarlac, but not at high yields. At that site, GM alone-either 
IRRI and in Pampanga (Table 16). Yield differ- incorporation of the entire S. rostrata plant or of its 
ences could be attributed to differing amounts of N stems and leaves-can reduce or replace costly 
as GM. Despite high N from GM incorporation, inorganic fertilizer while sustaining high rice yields.
yield of TPR in Panpanga showed no response to In Tarlac, KCI-extractable + soluble N measure-
GM because of severe crop lodging during the inents showed higher NH4+N levels with GM in 
ripening phase. (;M root incorporation did not situ incorporation, and with stem and leaf incor
increase rice yield at any site. At IRRI, where GM poration than with root incorporation or the 
biomass and N yields were low, topdressing 30 kg unfertilized control during the first 3 wk after rice 
N/ha as PI1 at 5-7 d befoie panicle initiation transplanting or direct seeding (Fig. 5). The N
(I)lI31) significantly increased yields of TPR and release patterns of both planting methods were 
DSR. In Tarlac, only GM root incorporation similar. However, N levels in the transplanted trial 
needed inorganic N supplement at PI to produce at 20 d after transplantir ig were considerably higher 

Table 16. Rice grain yield as influenced by Sesbania rostrata Green manuring practices, and methods of inorganic N applica
tion on irrigated farms at 3 sites in the Philippines, 1987 WS. 

Grain yield (t/ha) 

Treatment Transplanted Direct seeded 

IRRI Tarlac Pampanga IRRI Tarlac 
No GM or fertilizer N 3.4 c 3.4 d 4.8 ab 3.9 d 3.3 d

GM in situ incorporation 3.8 bc 
 5.3 a 4.6 ab 4.1 cd 5.0 a
GM in situ incorporation + 4.3 ab 5.3 a 3.9 c 4.5 abc 4.7 ab 

a
topdressed inorganic N
GM leaf-stem incorporation 3.8 bc 5.2 a 4.5 abc 4.3 bcd 4.8 ab
 
GM leaf-stem incorporation + 4.4 a 5.3 a 
 3.9 c 4.7 ab 4.2 c 

a
topdressed inorganic N
GM root incorporation 3.5 c 3.7 d 4.2 bc 3.8 d 3.3 d
GM root incorporation + 3.8 bc 4.2 c 4.5 abc 4.7 ab 4.6 abc 

a
topdressed inorgar ic N
Farmers' split PU, 60 kg N/hab 

4.3 ab 4.5 bc 5.1 a 4.7 ab 4.4 bc
Researchtrs' split PU, 60 kg N/hac 4.6 a 4.9 ab 4.3 bc 4.8 ab 4.7 ab
Researchers' split PU, 90 kg N/hac 4.8 a 4.9 ab 4.4 bc 5.0 a 4.9 ab 
a 3 0 kg N/ha as PU at 5-7 DBPI. b/2 at 15 d after transplanting or after direct seeding + 1/2 1 wk after panicle initiation. 
c2/ 3 basal broadcast and incorporated + 1/3 at 5-7 DBPI. 
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Exchangeable + soluble N(mg/kg dry soil)LT,.olonte 

40 -Iaorganic 

A, o - -- GM root inCorporatiornGM dinor gaOhnNin 

j -- ....situincopora ionGM stem and leaf incorporation 

20 

0 IEVAI.IATION 

40 

Dect seeded 

20 

0 20 40 60 80 l1O 
Days after seeding or tranrpntit 

5. Status ofexchangeable and soluble N H4 +-N inirrigated rice 
soil as affected by Seshania rostrata green manuring practices
in Tarlac, Philippines, 1987 WS. GM = green manure, 

than in the direct seeded trial at 20 DAS because 
DSR used more N during that stage than did TPR 
(Table 17). 

Rain/ed sites. S. rostrata seeds (50 kg/ha) were 
row-seeded 40 cm apart using a carabao-drawn, 
IR RI-designed inverted-T seeder. GM was grown 
for 45 [)E before it was coarsely chopped, 
following the same procedure and treatments used 
in the irrigated trials. 

Trials at IR R I and in Tarlac showed significant 
responses to both inorganic N and GM applica-

tions, except when GM roots were incorporated 
alone (Table 18). At both sites, topdressing in-

N at 5-7 DBPI to supplement GM in situ
incorporation, and stem and leaf incorporationp t n dido r 

not increase rice yield further. Yield trends at 
rainfed sites were similar to those observed at the 
irrigated sites in Tarlac. 

OF SI'SIANLA RO.STRA T1 

AS A (;REEN MANURE
 
FOR RAINFFI) WITANI) RICE ENVIRONMENTS
 

Multiple Crolqping anti Agricultural Economics 
Depariments 

GM crops may have the greatest potential in rice 
environments where they can be grown in periods 
when the usual commercial crops are not feasible. 
The single-crop rainfed wetland TPR environment 
may thus be particularly suited to GM before rice. 
We examined the feasibility of S. rostrata as a N 
source for rice in this environment, which covers 

more than 20 million ha in Asia. 
Green manure-rice simulation model. The 

model consisted of three main submnodels: 1) the 
simulation of biomass and N production from a 
prerice rainfed Sesbania crop, 2) estimation of 
complementary inorganic N application (as urea), 
and 3) a rice production model. 

Seshania submodel. The model calculates the 
daily water balance of aS. rostralacrop from daily 
rainfall and class A pan evaporation. Actual 
evapotranspiration (ET), potential crop evapo
transpiration.(ETp), and their ratio were calculated 
on a daily basis. 

Table 17. N uptake at 2 growth stages of transplanted and direct seeded IR64 as influenced by Sesbania rostrata green
manuring practices, and methods of inorganic N application at irrigated sites in Tarlac, Philippines, 1987 WS. 

Treatment 

No GM or fertilizer N 
GM in situ incorporation 
GM leaf.stem incorporation 
GM root incorporation 
Researchers' split PU,60 kg N/ha 
Researchers' split PU, 90 kg N/ha 

N uptakea 
(kg/ha) 

Transpleqted Direct seeded 

20 DT PI 20 DAS PI 

19 b 
25 ab 

29 
92 a 

e 22 
42a 

cd 34 
96 a 

d 

28 a 72 bc 40 a 98 a 
19 b 44 de 20 d 34 d 
27 a 58 cd 28 bcd 56 c 
28 a 78 ab 34 ab 73 b 

aDT =d after transplanting, DAS = d after seeding, PI = panicle initiation. 



Table 18. Rice grain yield as influenced by Sesbania ros-
trata green manuring practices, and methods of inorganic 
N application at 2 rainfed sites in the Philippines, 1987
WS. 

Grain yield (t/ha) 

No GM or fertilizer N 2.8 b 3.4 c 
GM in situ incorporation 4.5 a 4.4 a 
GM in situ incorporation + topdressed 4.6 a 4.4 a 

inorganic NW 
GM leaf-stem incorporation 4.7 a 4.2 ab 
GM leaf-stem incorporation + 4.8 a 4.4 a 
GM root incorporation 2.9 b 30 c 
GM root incorporation + topdressed 3.2 b 3.9 b 

inorganic Na 

Researche rs' split PU, 60 kg N/ha c4.3 a 4.3 ab 
Researchers' split PU, 90 kg N/ha c 4.6 a 4.2 ab 

a b 
b oadas PU at 5 -7 DBP I. 1 2 a 15 d after transplanting + 1/2 at 1 wk after panicle initiation. c2/ 3 basal 

broadcast and incorporated + 1/3 at 5-7 DBPI. 

Potential Seshania biomass accumulation was 
estimated using a growth function derived from 
Seshaniaexperiments conducted at IRRI (Fig. 6). 
Estimated bionlass accumulation, in the absence of 
waterdeficit, was 5.3 tdry weight/ha in 45 d.The N 
content of this biomass was conservatively esti-
mated at 2% or 106 kg/ha. 

Dry weight of biomass (t/h e) 
10 0 

O FurocE et ol(1986) 

6 0 Meelu a o0985f, /ofc aM0ruat . 51*98).01 

Yt-343+0O1957XExetdwsaa 

0, 

2 O.O25ES 

Y. 0.02547XC 

0 * I j 
0 10 20 30 40 50 60 

Age of Sesbonta (d) 

6. Biomass accumulation of S. rosirata as a function of plant 
age under nonstress conditions. IRRI, 1987. 
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The reduction rate technique was used to adjust
Seshania yields down in the presence of moisture 

stress. Actual daily biomass accumulation, AB, 
was derived as 

where PB, is potential biomass accumulation. 
The output of the Seshania submodel included 

Seshania biomass at 45 d, equivalent organic N, 

and soil moisture balances, which are input into the 
submodels that follow. 

Integrated nitrogen submodel. Input into the 
inlegrated N submodel included the quantity of 
Seshania N, the rice crop response to total N 
(organic and inorganic) and its interaction with 
moisture stress, and expected urea and rice prices. 

"he
N-rice response function, derived by Huijsman
for c rice farmer 's management inra infed Li nd e r 

central Philippines, was specified as
 

Y= 1838 + 39.05N - 0.172 N6' - 56.8S- 0.78SN 

where Yis yield in kg/ha, 
N is total N (Seshania N + urea N) in kg/ha,
S isdays of water stress during flowering or grain 
filling, and 
SN is an interaction between N and S. 
In their mineralized form, Seshania N and urea 

N were assumed to be perfect substitutes, requiring 
a transformation of Sesbania N to urea N equiva
lents. The relationship, following research observa
tions at IRRI, assumed equal uptake and use 
efficiency of urea N and Sesbania N up to 50 kg of 
Sesbania N/ha, and decreasing efficiency of Ses
bania N relative to inorganic N thereafter.

The quantity of urea N applied to the crop 
depended onseason. I) the q uantity of N supplied from 
Seshania, 2) rice and ureaExpected
relationship defined above, and 4) the farmer's 

prices, 3) the response
stress, 

ESi,

expectation of moisture stresswasinestimatedthe coming 

as a 
weighted (decay) function of observed stress in the 
previous 3 yr. That is: 

= 0.50AS,_1 + 0.32 AS 2+ 0.18 ASi _3
 

where ASi- jis observed stress in previous years (1= 
1...3). 

Outputs of the integrated N submodel included 
I) total N applied to the rice crop (Sesbania N + 
urea N), and 2) an estimate of expected rice yields. 



ei . rice N 
used to calculate the number olstress days ex.plrt-

Ii( 1/l odhll ,A raterbalance model was 

et ed the rici\ crop during flo\er'inge and orllin
filling. Mhich included the period troin 55 to 10 d 
beloe hal es"LStre-ss \,as delied a , occurring oil 
an\ da\ heni :'1,1',E 'i its less than 0.9. 

Actual \icld \ka, then0cialculadtcd u.sing actual 
st rcss d a\s and total N. hich permitted est imation 
of the eclloIllic benefits of the conunctil\ e use of 

.Si"ld,a N and tmp it\;.treaiN co ared lurt"aN 
aii tle. 

.1odelo/era tium diagrall of' the. A simple 1lo\ 
s ltlia-rice m odel issho wn in F igure 7. .esha ueti 

is planted on the b sis ol'cum ula -ttive llralin lillter I 
Apr, using 50 mm and 1111111 rainfall Icuml.1-
latiOlls its planting date criteria. (iM biomass then 
accumuhlates until incorpotrated at 45 d. After a 
1 tl-dturnilround period, rice is transplanted if' 
sillllce water is present. If [ot,I tlri splf a itn g 

en +ic 
formnMIce of i I 0-d ricecultivar(llt36) \\ith i field 
durattion of 85 d Wias simulaited, 

The sirnulation mo0del was runl for three loca-
tions with dillierent W S oVSet: [tig tleg (ltlio 

licct r ,s W 1h sturf e w ilt e r ia l t l l n t aCCle;+ts . T he pI 

inI 
northern Philippines: Los Bafios, Philippines: and 
l1bo l in rthiastern liai arid. lie orset of W S is 
highly '.\ariabie inI [Iguegaral l, but predictable inC 
LIo1s Baflios. bJhot represents i l intermediate 
sittlatiol. 

Calculate daily Calculate Calculale
[sesba iabiomass sesbarna N urea N

accumulation Incorporaled equivalents
bl3 

Calajlate stress day X N aysin nce crop production function 
d ays Inncocrop ---- o Jdo U~in. 

Grain yield 

7. Sirrip le I Ahoidia g rai n ot the . s/i' iit la-tri nsp l iled rice 
cropping system in a simulation triodel. IRRI. 1 987. 

Sesbaitia nitrogen accumulation. Long-ter sim
ula.tionl tUSiIg actual weather data compared Se.x
/,wiia N accurm lat io at three (catlols(lig.8). In
ItgLuee +r.lo.with poo)r distribution of transitiun 
period rainfall, droug 1treduced the N contri
hution of 45-d ScSs /haa to less than 18 kg N ha inI 
501 '' of the \'ears .,imulatcd. InI libon, the water 
ballan e w as tn hfavorable because o1 saidy surface 
soils with low water holding capacity, less than 40 
kg N ha was i uc ilated iIIhalf the yea rs. III .os 

a slo, w ith a more lavo rable o n set of W S and 
with heaivy soils \ith high water holding capacity, 
Se.hban ia N co ntri bu ted more than +165 kg la in 
50(' of' the learssim1ulated, and more than 50 
kg ha in 75(1 of the years. 

WVaterlogging frequency. Waterlogging, which 
destroys coiventional crops, largely determines the 
potential niches for (M . The frequilel ncyof shallow 
Surface flooding during the prerice seilso \iis 
es t i n la t e d l t r the thl ele locat i o ns . Si l l L c e flo od i n g 
periods exceeding 3 d during prerice crop gr)wth 
occurred in 30-65(i 1 of the years. This suggests a 
high risk of produc+irg waterlogging-sensitivecrops 
d urig this period it each site. Thus, GM produc

00o 

80 
Tuguegaroo, , " 
Philippines 

60 
/
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/' 
Ubon, 

0 
ir Th aland 

0 / T iapofios ses 
/ , / / ,L 

Philippines 
SB L S 

20 

0 
0 0 20 40 60 80 100 

Sesbania N (kg/ho) 

nLIt1ltive 
cro psof 145 .itio 
8. 'u requency of simulated N yield fron S. ros rala-d du r n planted w ithI 00 mm rain fall a cc urriula 
tion 'roin I Apr. IRRI. 1987. 
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tion, iffeasible. would not compete with other The costs of producing Seshania in Laguna are 
crops. listed in Table 19. The cost ol establishment-- I 

Waterlogging does not seriously afTect Se.shia(ua plowing and 2 harrowings with a power tiller 
growth ' but it does seriously be about $7/ ha. The second harrowing isalter estahlishment. 	 may 

S/,an ge rin inat ion 
emerelee. Simulations determined that Seshania 0notsold in Iaguna: hence seed cost was conserva
crop IoSS duie to floo1din at emergence may be tively assumed at $11kg, and rate at 15 kg' ha. The 
Cx peeld InI yr out o1 5 at these sites. This would higher value in the table allows for reseeding I yr in 
icce"itite replanting, increasing GM production 5. The cost of Seslrnmia incorporation (2 passes 
eosts and risks. with ia slicer plus an extra harrowing before rice 
Benelits of Sevhania nitrogen. Lecause LOs transplanting) may reach another S36/ ha. The cost 

Ba ios w,,athe most dependable site, we used it to of bioniass incorporation depends on biomass 
examine tilepotential benefits of tie integrated produced; however, precise figures are not avail
managemeni of .Sr'.laiaN and urca N. This able on the relationship between biomass level and 
reuIlired estimating tile the power necessary for incorporation. 

dalliaic c 	 . during and light, to cover the broadcast seed. Seshaniaseed is 

cost to grow and incorpo-
rate a SC.straliia GM crop. Total cost, including the opportunity cost of 

larm rt sources, isnearly S1301 ha,or $1.30/kg of N 
produced by the Seslania crop assuming this 
biomass produces 100 kg N or 82 kg N/iha 

Table 19. Estimates of Sesbania production costs in equivalent. This is 2.6 times the cost of N applied as 
Laguna, Philippines, first quarter of 1987.a 

______ _______________________________ _______ urea. Tillage costs for 'and preparation and incor-

Cost IS) poration must be red uced to improve the competi-
Level 	 -________Soc 

teprr 	 Pe. tiveness of this N soP
hectare Pir Short-term beiene/is. The simulation model run 

mforLos BaFlos weather data generated estimates of 
Land preparation (aninal traction) the contribution of 'Seshaniato N, the qutantity of 

Plowing 0labor-animal dl 1 35 35 
Harrowingb (labor-animal d) 2 35 35 inorganic N applied, the costs of organic and 

SeedC (kg) 18 1 18 inorganic N, and expected and actual rice yields. 
Labor for seeding (labor d) 0.6 1 1 The mean values and CVs are listed in Table 20 for 

Incorporation of Sesbaniad 
Slicer liabor-aninial d) 2 18 18 Sesbania establishment with 50 or 100 mm of 
Harrow to incorporate 2 18 18 aeCluulated rainfiall, and for 2 production costs: 

(labor-anirial d) full costs or assuming a technology that reduced 
Opportunity cost of lanci - -

Opportunity cost of capitalt 4 tillage costs by 50(',. 
Cost/hectare: 	Cash costg 22 Sesbania was estimated to contribute 51 kg

Full cost basis h 129 N/ha from the early and 63 kg N/ha from the late 
,Sesbatnt., incoporated at 45 d after seeding. bOne pass planted GM crop. The relative year-to-year varia
following plowingiplus light harrowing to cover seed. tion in N fromn Ses/ania was larger for the early
CAssuming 15 kit/ha and that 1 yr in 5, the crop must be (CV = 48X() than for the late planted GM crop (CV 
reseeded to cover stand loss front flooding infirst 10 ci of 
stand establishment. Labor for seedirnig also allows for 1/5 32(/ ).Optimal N rates for rice were similar 
resec(dirrl, diFor about 40- to 45-day-old Sesbania: slice (85-86 kg! ha) for both Setshania seeding dates. 
(2 passes at right angles) before plowing; plus 2 extra Ctonsequtently, the qUaltity of N applied as urea 
hariowwrls to incorporate. "Opportunity cost of land as 
an alterirative use in this infed environment is assumed was higher for the early planted .Seshania crop (34 
to he zeruo. However, i tre sInlation analysis, an oppor- kg/ hl) than for the late planted crop (23 kg, ha). 
tunity cost of land will he implied for comparative pur- However, the relative variability of' applied in
poses if thiSesbarra crop results in late iice harvest and 
reduced yilds. frnI JieU a mronth for 2 ik on seed organic N was substantially higher for the late (CV 
costs o1ny arid assUMes land preparation is household = 98%) than for the early planted Sesbania crop 
resource. /AssMnrui seed is pui chased, but that all tillage (CV - 68(,). 

farmwied 
otppnntuity cost ngqual to market rates for farm-owned The cost of growing Ses allia was higher with 
resoUa the late planted crop because incorporation costs 

costs a mer w i Ih resources. hChanging 

ces. 
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Table 20. Expected N contribution from Sesbania, applied N as urea, N costs and rice yields, by planting date and cost ofcultivation (50% or full) with informal credit. IRRI, 1987. 

Planting at 50 mm rainfall Planting at 100 rnm rainfall 
Item 50% 

Mean CV Mean 

N supply (kg/ha)
Scsbania 
N as urea 

51 
34 

48 
68 

51 
34 

Total N 85 14 85 
N cost ($/ha)

Sesbania 
N as urea 
Total 
Urea only 

66 
16 
82 
41 

17 
68 

7 
14 

101 
16 

117 
41 

Cost/unit of N ($/kg)
Sesbania 
Total N 

1.29 
0.96 

-
-

1.98 
1.38 

Rice yield (/ha)
Expected 
Actual 
Increment 

3.1 
2.9 
0.4 

22 
40 
17 

3.1 
2.9 
0.9 

rose with greater biomass production. None-
theless, the cost per unit of producing N from 
Sesbania was marginally lower for the late planted 
crop ($2.00/ kg Nversus $1.70/ kg N). Total Ncosts 
per hectare were similar for the two planting dates, 
as were the costs per unit of total N applied.

Expected rice yields were similar for the early
and late plantcd rice crops-that is, late season 
stress was not a problem, given transplanting dates 
and weather events. Actual yields were also similar 
at 2.9-3.0 t/ha. 

Had all fertilizer been supplied as urea 
(assuming no other beneficial effects from Ses-
hania), the cost savings would exceed $40 at low 
tillage costs, and about $80/ha if the higher cost 
situation prevailed. These short-term savings from 
using urea as opposed to Seshania may be directly
converted to rice equivalents. If benefits from 
Seshania are realized from the following rice crop, 
a yield increment of 0.4 t/ ha (about 13%) would be 
necessary to equate the profitability of combined 
urea and Seshania with that of urea alone in the 
short run, given low cultivation costs. This figure
increases to 0.9-1.0 t/ha (a 31% increase) if the 
higher tillage costs are assumed, 

Long-tern benefits. One benefit of incorpora-
ting GM is the longer-term impact of increasing 

Full 50% Full 

CV Mean CV Mean CV 

48 63 32 63 32
68 23 98 23 98 
14 86 13 86 13 

16 74 20 109 13 
68 11 98 11 98

8 85 10 120 7
14 42 13 42 13 

- 1.17 - 1.73 
- 0.99  1.39 

22 3.1 21 3.1 21 
40 3.0 38 3.0 38 
17 0.4 13 1.0 13 

and stabilizing rice yields. For example, experi
ments at IRRI have demonstrated yield gains more 
than 0.5 t/ha due to Sesbania, after differences in N 
rates are accounted for. Thus, longer-term yield
impacts were examined. 

Because individuals prefer to receive returns 
now rather than later, future benefits (and costs) of 
green manuring must be discounted to the present
for comparison. In the following analysis, we make 
two assumptions: first, the farmer has a 10-yr or
 
shorter planning horizon; and second, the farmer
 
borrows money in the informal credit market at
 
50% interest for a 5-mo crop season.
 

Discounted cost and return streams for a 
10-yr

period of Sesbaniaproduction areshown in Figure

9. Two rice yields are presented: 0.5 t/ ha and 0.75
 
t/ha yield gains from 
 Sesbania incorporation 
beyond its contribution to total N. Similarly, 2 
production costs are shown: 1)full cost, and 2) land 
preparation costs reduced by 50%. In Figure 9 (a),
Sesbania is grown each year: in Figure 9 (b), the 
crop is planted every second year, after annual 
plantings in years 1-4. 

Discounted benefits do not exco'ed discounted 
costs within 10 yr for yield increments of 0.75 t/ha 
at the higher input-cost scenario. However, with 
the lower cost, a 0.5 t/ha yield gain is profitable 
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from the first year. Alternatively, if the cost of Present value (u/ho)
 
Sesbania technology were reduced through plant
ing each alternative year, the practice would be 200 ulcoos
 
,rofitable after year 5, even at high tillage costs. Benefi Benefit
 
Again, a yield gain of 0.5 t/ha would be immedi- =oYO5
 
ately profitable if land preparation costs were 15o / 
 . 
reduced by 50% and Sesbania were grown each
 
second year. Analysis ofthe long-term cost effective
ness demonstrates the importance of yield gains 
 0 t l 
attributed to Seshania (not realized from inorganic

N alone) and the cost of producing the Sesbania 5
 
crop.
 

a 

FARMER MANAGEMENT OF GREEN MANURE
 
CROPS IN ASIA
 

20
 
Multiple Cropping and Agricultural Economics 
Departments 

150-
Because little comparative information isavailable 
on farm-level GM crops grown in rice-based
 
systems in Asia, we did a survey of farmers' 100
 
management of GM.
 

This study limits GM to mesophytic herbacious
 
plants, involves only current farmer practices, and 50
 
estimates productivity gains in rice yields from
 
GM. The analysis rests on responses from China 01
 
(3), India (4), Bangladesh (1), and the Philippines 0 2 4 8
6 10(I). Year no.Spee a9. Discounted benefit and costs from GM adoption, informalSpecies and environmental niches. Table 21 lists credit for Sesbania grown each crop season (a)and each second
 
GM species grown by farmers in the rice-based season (b). IRRI, 1987.
 
systems diagrammed in Figure 10.
 

Chinese milk vetch Asiragalussinica L. is the
 
most important GM crop in Asia, grown on 3.2 
 India), S. roxburghii (Taiwan, China), and S.

million ha of fully and partly irrigated riceland in cannabina (China). These species are cultivated

southern and central China. This species as well as mainly as prerice GM during the premonsoon and 
common vetch Viciasativa L.,and bird vetch Vicia early monsoon period from April July.to In 
cracca L. are grown as postrice crops in winter. China, S. cannabina is also transplanted into the
Seeds are relay-broadcast into the second rice crop first rice crop as an intercrop and is incorporated
during grain filling. The vetch is incorporated during land preparation for the second rice crop.
before the first rice crop of the next year. This GM crops are rarely used in rainfeJ wetland 
system is apparently unique to China among the rice-based systems. Exceptions are mixed cropping
countries surveyed. S. aculeatawith dry seeded or wet seeded rainfed

In other areas except the Philippines, Sesbania lowland rice in eastern India, and the establishment 
species dominates. In the Philippines, indigo of Indigofera in the Philippines in the wet-dry
hidigqferatnctoriadominates, transition period. No respondents reported GM as

Seshania used as GM in Asia ranges from S. important components of upland rice-based 
aculeata in South Asia to S. speciosa (southern systems. 
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Table 21. Green manure crops presently and previously grown by farmers in selected Asian countries.a IRRI, 1987. 

Green manure presently grown 

1. Milk vetch As.ragalus sinicus L. 
2. Bird vetch Vicia cracca L. 
3. Common vetch Vicia sativa L. 
4. Sesbania Sesbania cannabina Poir 
5. Broad bean Vicia faba 
6. Radish Raphanus sativus L. 
7. Azolla Azolla filiculoides Lamk. and 

Azolla imbricata (Roxb) Nakai 

1. Sesbania, sesbeans Sesbania roxburghii Merr. 
2. Sunn hemp Crotalariajuncea L. 
3. Rape Brassica campestris L. 
4. Berseem clover Trifolium sp. 
5. Soybean Glycine max [L.] Merr. 

1.Dhaincha Sesbania aculeata
 
2. Sesbania Sesbania speciosa 
3. Wild indigo Tephrosia purpurea 
4. Pillipesara Phaseolus triloba 
5. Sunn hemp Crotalaria juncea 
6. Aviri Indigofera tinctoria 

1. Dhaincha Sesbania aculeata 
2. Sunn hemp Crotalariajuncea 
3. Clusterbean Cyamopsis tetragonoloba 
4. Cowpea Vigna unguiculata 
5. Horsegram Liolichos biflorus 
6. Senji Melilo tus parcisflorus 

1. Dhaincha Sesbania aculeata 
2. Sunn hemp Crotalaria juncea 
3. Berseem Trifolium alexandrinum 

1. Dhaincha Sesbania aculeata 
2. Sunn hemp Crotalariajuncea 
3. Berseem Trifolium alexandrinum 

1. Dhaincha Sesbania spp. 
2. Sunn hemp Crotalariajuncea 
3. Black gram 

1. Indigo Indigofera tinctoria 
2. Azolla 

Previously grown 

China 
1. Slender groundnut Glycine gracilis Skvor. 
2. Joint vetch Aeschynomene indica 
3. Water peanut Alternanthera philoveroides (Mart.) Grisels. 

Taiwan, China 
1. Carthamus tinctorius L. 
2. Mucuna capitata 
3. Velvet bean 
4. Tephrosia 

India (southern) 

India (eastern) 

India (Chhotanagpur Plateau) 

Indir (northern) 

Banglad?sh (northwest)
1. Mungbean Vigna radiata (L.) Wilczek 
2. Cowpea Vigna unguiculata (L.) Walp. 

Philippines 

a From Regional Survey on Farm-level Management System for Green Manure Crops. 

Asian farners produce GM crops predominant-
ly on irrigated ricelands, but alternative crops 
compete directly with GM for this land. For 
example, expanding land use in winter for wheat, 
barley, or rape is reducing the area planted to GM 
in China. As a Chinese respondent indicated, 
"green manure crops and agricultural crops com-
pete for space and time, a competition between 
land use and land upkeep." 

Green manure management. Land preparation. 
Tillage and seeding require major labor and cash in 
GM production. Land preparation varied from 
one to three plowings and harrowings for prerice 
Seshania in India, to as many as six plowings with a 
traditional plow in Bangladesh (Table 22). In 
Taiwan, China, a single tractor plowing prepares 
riceland for S.roxburghii. 

In these cases, land preparation costs are wholly 
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Country India (southern) 
Ric environment irrigateJ 
Green manure Sesboanr speciosa 
Estimated area 5000 ha 
Crop sequences 

Withgreen manure 

Without green manure 
Ricei~ Z: ' Rc 

Country India (eastern) 
Rice environment irrigated 
Green manure Sesbonia oculeato dhoincha 
Crop sequences 

With greenmunute 

Withoji green manure 

R,ce .. 

Country. India (eastern)Rice environment. ruinfed lowland 
Green manure: Sesbnto acu/eata dhaincha 
Crop sequences. 

With green manure 

."'7. Sesbana i dry seeded rice L /77/I 

Without green manure iincorporation of GMGM.. 
OrysDeeded r'ce 'Without 

Country. India ( northern) 
Rice environment irrigated
Green manure Sesbono aculeoto dhoincho 
Estimated area < 1%rice area 
Crop sequences 

With green manure 

.,Rce : 

Without green manure 

, . .llWithout 

Country Bangladesh
Rice environment irrigated 
Green manure Sesbana oculeato dhaincho 
Estimatea area 1500 ha (Thokurgoon) 
Crop sequences 

With green manure 

Wht !i 

Country: Philippines 
Rice environment partially irrigated 
Green manure: lndigofer fnclorio 
Crop sequences: 

Rice environment rainfed 

Green manure: Indiofero hnctorio 
Crop sequences 
EMEN & ~ i]Rice ii]ii[ii .u~7)pi "Z:,--i 9 

Country China 
Rice environment fully and partially irrigated wetland 
Green manure Astragolus smnica L. Chinese milk vetch 
Estimated area 3.17 million ha (Hunan, Jiangxi, Zhejiang, Hubei Provinces)
Crop sequences
With greenmanure 

TV -. ... :U::.: Ri-ice :.:..:.--

Wittiout greeimanure 

Country. China (Taiwan)
 
Rice environment: irrigated wetland riceland
 
Green manure: Sesboniaroxburghi M.
Estimated area 3737 ho 
 (central, southern, and eastern Taiwan)
Crop sequences 

With green manure 

.:i:i 

green nmnure 

Country. China (Taiwan) 
Rice environment irrigated wetland rieland 
Green manure: Crotalona juncea L sunn hemp
Estimated area 1725 ha ( central, southern, and eastern lbiwan)
Ciop sequences 

With green manure 
.::/Croltroa z ircei 

green manure 
Rice 7MizeMeon// 

I A I___I__I__M d d A _I_S 0 N D J _F M 

Month 
10. Rice environments and crop sequences including green 
manures in several Asian countries. Source: Regional Survey 

on Farm-level Management Systems for Green Manure Crops. 

Without green manure 
asa/e e ... ::.A.. Rice;.lll l..llllllllheattributed to the cost of the GM crop. In the 

I I I J I _L. I I Philippines, the land preparation cost of Indigo-M J J A S 0 1 D J F M fera is shared with the postrice intercrop; in eastern 
Month India, the cost of S. aculeata is shared with the 
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Table 22. Management of green manure (Gt)crops in some Asian countries.3 
IRRI, 1987. 

Chinese S. roxburghii S. speciosa S. aculeata S. aculeata S. weciosa Seshania spp. Indigofera 
Item milk vetch (Taiwan, (India, (Chhotanagpur, (India, and (Bangladesh) (Philippines)(China) Chia) ;outherri) India) northern) S. aculeata RE 

(India, eastern) > 
zLand preparation for GM

No (N) or cor,ventional (C) tillage N zC C C C C C CPlowings (no.) >0 1 2 d 36Harrowings (no.) 10 1 0 1 3Tillage equipment used 0 Tractor Desi plow Desi plow, Desi plow 
3 3 1
 

Desi plow Desi plow Harrow-

plank or tractor and "n 
disc harrow ladder 

SeedingGM seeding rate (kg/ha) 45-60 25-30 15-30 10 15 540 50Method of seeding Broadcast Broadcast Broadcast Broadcast Broadcast Broadcast Broadcast Broadcast or 

drill in
 
Method of incorporation P C/P S/P S/P SIP S/P C/P 

furrows
 
K/P 

Plowing equipment used c T/AP T AP/T AP AP
Plowings/harroviing (no.) AP AP/T AP/T
1 d 2 2 1.2 3-4 6/2 1/2-3Average age of GM at incorporation (d) 180+ 50-70 45-65 30-55 40-50 40-55 50-65 173.4Incorporation difficult for farmers? No d Yes No Yes Yes Yes No 
aSource: Regional Survey on Farm-level Management Systems for Green 
Manure. bP = plowed in directly, C/P = cut by machine, then plowed, S/P
slashed by hand, then plowed, K/P = knocked flat, then plowed. CT = = 4-wheel tractor, HT = hand tractor, AP = animal power. dNo comment made by
respondent. 

Table 23. Yield effects and inorganic fertilizer substitution by green manure (GM) cultivation.a IRRI, 1987. 

Chinese S. roxburghii S. speciosa S. aculeata S. aculeata and
Item S. aculeata Sesbania spp. Indigofera
milk vetch (Taiwan, (India, (Chhotanagpur, S. speciosa (India, (Bangladesh) tinctoria
(China) China) southern) India) (India, northern) (Philippines) 

eastern) 

Approximate rate of 
inorganic N applied 
to rice (kg N/ha)

Without GM 180 1st: 120-150 100 80-100 60 100-120 80 88
 
2d : 100-130
 

With GM 
 120 1st: 120-150 60 40- 50 30 60-80 60 38 
2d: 30- 39 

Approximate yield level 
farmers obtain (t/ha)


Without GM 
 5.3 1st: 7.0 4.0 3.0 6.0-7.0 3.0-5.0 4.5 
2d: 5.0 
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companion dry seeded rice crop. Only in China, 
where Astragalus is relayed into the standing rice 
crop, were there no land preparation costs.for GM. 

Seeding. Seed quantities vary by species and 
locality (Table 22). Sesbania seeding rates ranged
from 10 to 50 kgiha in India. When Sesbania was 
intercropped with rainfed rice, farmers used 15-20 
kg/ha. Seeding rates for vetches in China were 
higher (45-75 kg/ha). Except in the Philippines, 
GM crops were broadcast seeded, whether mono

mix-cropped, or relay-cropped. As an 
intercrop with DS upland crops, ndigofera in the 
Philippines is drilled in rows. 

Farmers both saved GM seed and purchased it, 
although seed availability was a common problem. 
In China, northern India, and Bangladesh, most 
farmers purchased GM seed from the market or 
private dealers. In southern and eastern India,
most farmers grew their own seed, either by leaving
random S.aculeata plants to mature in ricefields or 
by planting them along the bunds. 

Pests anddiseases. Insect pests and diseases werereported in China and in southern and eastern 
India. Damaging insects included pod borers, leaf 
rollers, and mealybugs in India, and cabbage
looperloopers in Taiwan, all on Sesbania. In China, 
Aphisfabae was reported as a serious insect pest,
and Scierotinia trifoliun Erik was an important 
disease on A. sinicus. 

Green manure incc,-poration.Thorough incorporation of the GM, biomass is difficult for most 
Asian farmers. Incorporation strategies appear in 
Table 22. Most farmers slash GM by hand, and 
then plow under the biomass. In some areas 
(Taiwan and Bangladesh), the GM is cut by
machine and then plowed under. In other cases 
(Taiwan and the Philippines), it is plowed in 
directly. 

.equent slashing confirms farmers' inability toincorporate GM directly with their tillage equip
ment. Slashing often takes labor when it is most 
needed in land preparation and transplanting of 
rice. Thus, lack of labor is a constraint.

Benefits of green manuring. Farmers substan
tially reduce inorganic N fertilizer rates when theycultivate GM (Table 23). But GM does not entirely 
substitute for inorganic N. Further, estimates of 
grain yields are consistently higher with GM than 
when higher rates of N alone are applied. Esti
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mated yield increases attributed to GM were about 
15% in China and southern India, and about 25% 
in eastern India and Bangladesh. 

GM crops are seldoirn grown, every year on the 
same field. Chinese farmers generally grow GM 
once every 3 yr, with grain the second year and 
fallow the third winter, 

Although GM production can delay the rice 
crop beyond normal transplanting time, this was 
not reported as a significant problem (Table 23). 
The optimum time to transplant after GM incor-

poration was reported to be between 7 and 15 d in 
all areas where a gap occurs between the 2 crops. 
Early rice growth may be depressed in some areas 
after GM incorporation, but not enough to depress 
rice yields. 

Respondents foresaw modest to large potential 
for increasing GM use. In China, the Philippines, 
and southern and northern India, respondents 
estimated decreasing GM use; but in Taiwan, the 
Chhotanagpur Plateau of India, and Bangladesh, 
respondents reported increasing GM use. 
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LONG-TERM F:RTIl.ITY TRIALS 

Long-term fertilitv trials continued at the IRRI 
ftrm, at three Bureau of Plant Industry (BPI) 
experiment stations. and in farmers' fields. 

IRRI. The 46th dry season (DS) and 47th wet 
season (WS) consecutive crops were grown in 1987, 
using the test cultivars used in 1986 (see Annual 
report for 1986). 1R8 was free from virus diseases. 

In DS. N alone significantly increased grain 
yield irrespective of cultivar (Table I). IR64 yields 
in N-fertilized plots were similar to those with N P. 
NK. and NPK. Hewever, in IR8 and IR29723-143-
3-2-1, N P and NPK were better than N and N K. 
indicating a probable sensitivity to P deficiency 
(13 ppm by Bray 11 method) in plots not fertilized 
with P for 23 crop years. Furthermore, maturity 
was delayed I wk without P. 

NPK-fertilized plots using inorganic N gave the 
highest yields, but not significantly more than with 
N partially from rice straw compost. 

In WS, yield responses to various NPK com-
binations were similar to those in DS. Maturity 
was delayed in plots without P application. 

Bureau of Plant Industry. At the Maligaya 
station in DS, 1R64 yields did not vary from the 

control with N alone (Table 2). But in IR8 and 
IR29723-143-3-2-1, N increased yield about 1.3 
t/ha.over the control. Yields dd not differ between 
N only and NK. Although NPK gave the highest 
yields, NP was comparable. 

In WS, yield responses to treatments were 
similar for all test rices. 

Irrespective of season, Maligaya seems to need 
N and P. Soil analyse:; of N and P in 1986 showed 
these nutrients below critical levels (0.09% N and 
17 ppm P by Bray IImethod) even with continuous 
application. 

In Bicol, tungro damaged IR8 in DS, resulting in 
low and similar yields among fertilizer treatments 
(Table 3). Early-maturing IR64 was hurt by a 2-wk 
water stress during midseason. IR29723-143-3-2-1, 
however, fully recovered. These rices yielded 
similarly, with NP giving yields comparable to 
those with NPK 

IR8 in WS was infected by virus, although less 
severely than in DS. In WS, IR29723-143-3-2-1 
yields were similar to and IR64 yields were better 
than those in DS. N alone increased yield by 0.9 
t/ha. NP improved yields from 0.6 t/ha in IR64 to 
1.1 t/ha in IR29723-143-3-2-1. NPK did not 
produce yields significantly better than did NP. 

Table 1. Effect of NPK on grain yield in the 46th (DS) and 47th (WS) consecutive crops in the long-term fertility trial. 
IRRI, 1987. 

Fertilizer (kg/ha) 

K IR8Nb P 

0 0 0 3.6 c 
140 0 0 6.7 ab 

0 13 0 4.2 c 
0 0 25 4.0 c 

140 13 0 7.3 a 
140 0 25 6.1 b 
140 13 25 7.3 a 
140c 13 25 6.8 ab 

0 0 0 2.7 c 
60 0 0 4.1 b 

0 13 0 2.5 c 
0 0 25 2.8 c 

60 13 0 4.7 ab 
60 0 25 4.6 ab 
60 13 25 5.1 a 
60 13 25 4.5 ab 

Grain yield' (t/ha) 

IR64 

Dry season 
3.2 b 
6.1 a 
3.2 b 
2.9 b 
6.5 a 
6.3 a 
6.4 a 
6.0 a 

Wet season 
2.7 b 
3.6 a 
2.4 b 
2.5 b 
4.1 a 
3.6 a 
4.1 a 
3.9 a 

MeanIR29723-143-3-2-1 

3.4 d 3.4 
6.2 c 6.3 
3.8 d 3.7 
3.7 d 3.5 
7.2 a 7.0 
6.4 bc 6.3 
7.3 a 7.0 
7.0 ab 6.6 

2.8 c 2.7 
4.2 b 4.0 
3.1 c 2.7 
3.0 c 2.8 
4.8 ab 4.5 
4.5 ab 4.2 
5.0 a 4.7 
4.4 ab 4.3 

aWithin a season, in a coluin'n, values followed by a common letter are not significantly different at the 6% level by DMRT. 
CV = 9% for DS and 12% for WS. blncludes topdressing at 5-7 d before panicle initiation of 40 kg N/ha in DS and 20 kg
N/ha in WS. c24 kg N/ha from rice straw compost. 
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Table 2. Effect of NPK on grain yield in the long-term fertility trial. Maligaya Rice Research and Training Center, Mufloz,
Nueva Ecija, Philippines, 1987. 

Fertilizer (kg/ha) Grain yield a (t/ha) 

Nb P K IR8 IR64 IR29723-143-3.2-1 Mean 

Dry season
0 0 0 2.5 e 1.4 b 3.4 d 2.4140 0 0 4.2 cd 1.7 b 4.8 c 3.7140 26 0 5.1 bc 6.0 a 5.8 b 5.6140 0 50 4.1 d 1.9 b 3.9 d 3.3140 26 50 5.4 ab 6.6 a 6.1 ab 6.0

140 26 50+25 6.0 a 6.4 a 6.7 a 6.4 
Wet season

0 0 0 3.0 b '2.5 c 2.6 b 2.7
70 0 0 3.4 ab 33 b 2.9 b 3.270 26 0 4.1 a 4.3 a 3.9 a 4.170 0 50 3.5 ab 3.2 b 3.0 b 
70 26 50 3.7 ab 4.8 a 4.2 & 

3.2 
4.3 

70 26 50+25 4.1 a 5.0 a 3.8 a 4.3 
aWithin a season, in a column, values followed by a common letter are not significantly different at thu 5% level by DrRT. 
CV = 11% for DS and 11% for WS. blncludes topdressing at 5-7 d before panicle initiation of 40 kg N/ha in DS and 30 kg
N/ha in WS. 

Table 3. Effect of NPK on grain yield in the long-term fertility trial. Bicol Experiment Station, Pill, Camarines Sur, Philip
pines, 1987. 

Fertilizer (kg/ha) Grain yielda t/ha) 

b MeanNb P K IR8c IR64 IR29723-143-3-2-1 

Dry season0 0 0 2.1 3.0 b 2.5 b 2.5140 0 0 2.0 3.0 3.4b b 2.8140 26 0 1.9 3.8 ab 6.4a 4.0140 0 50 1.9 3.0 b 2.6 b 2.5
140 26 50 2.1 3.8 ab 6.6 a 4.2140 26 50+25 2.9 4.4 a 6.3 a 4.5 

Wet season
0 0 0 3.3 cd 3.6 d 4.0 c 3.670 0 0 4.5 ab 4.5 cd 4.9 b 4.6

70 25 0 3.7 bc 5.1 abc 6.0 a 4.970 0 50 2.6 d 4.6 bc 5.0 b 4.1

70 
 26 50 3.5 cd 5.6 a 6.1 a

70 26 50+25 5.3 a 5.5 ab 6.4 a 

5.1
 
5.7 

aWithin a season, in a cn!umn, values followed by a common letter are not significantly different at the 5% level by DMRT. 
CV = 22% for DS and 12% for WS. bIncludes topdressing at 5-7 d before panicle initiation of 40 kg N/ha in DS and 30 kg
N/ha in WS. CIR8 damaged by virus in DS; no statistics computed. 

The drought in the Visayas in DS caused total (Table 4, 5). IR64 and 1R29723-143-3-2-1 were 
crop failure. In WS, yields were high, comparable used. 
to those in DS at other long-term fertility sites, and The NPK-treated plots yielded the Iiighest in 
similar to those in 1986. WS in Tanay and in DS in Luisiana. In most 

Farmers' fields. The 20th (DS) and 21st (WS) croppings, yields increased with increase in N. 
crops in Tanay, Rizal (Vertic Tropaquept), and the Yields further increased with either P or K, or both,

22d (DS) crop in Luisiana, Laguna (Aquic combined with N.
 
Troporthent) were grown in farmers' fields Response to N was observed in both soils with
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Table 4. Effect of NPK on yield of IR64 and IR29723-143-3-2-1 in the 20th (DS) and 21st (WS) consecutive crops. Long.
term fertility trial, Tanay, Riza., Philippines, 1987. 

Yieldb (t/ha)
Fertilizer 

treatmenta Dry season Wet season 

IR64 IR29723.143-3.2.1 IR64 IR29723-143-3-2-1 

Control 3.3 d 3.5 d 3.7 b 3.4 d
N 4.7 c 
 4.8 b 4.1 ab 4.1 bcP 3.7 d 3.6 d 2.8 c 4.8 b
K 3.5 d 3.7 d 4.2 ab 3.6 cdNP 5.3 b 4.7 b 4.0ab 5.0aPK 3.7 d 4.0 c 3.5 b 5.0aNK 4.7 c 5.7 a 4.3 ab 4.2 bc
NPK 6.0 a 5.8 a 4.7 a 5.6 a 
a 12 0 kg N/ha for DS and 60 kg N/ha for WS, 17.5 kg P/ha and 33 kg K/ha in both seasons bCV 8% for DS and 11% for 

WS. 

Table 5. Effect of NPK on yield of IR64 and IR29723-
143-3-2-1. 22d c.opping, long-term fertility trial, Luisiana, 
Laguna, Philippines. 

Fertilizer 

treatment a 


IR64 

Control 2.3 c 
N 4.7 b 
P 3.1 c 
K 2.6 c 
NP 5.4 a 
PK 2.7 
NK 4.3 b 
NPK 5.6 r 

a 
120 kg N/ha, 17.5 kg P/ha. and 33 kg K/ha. CV = 14%. 

single or combined applicat ions. However, P and 
K responses were better in combined applications 
in both acidic (pH 4.7) Luisiana soil and calcai .ous 
(pH 7.5) Tanay soil. 

Continuing the same application rates of N, P, 
and K in continuous croppings may not be able to 
sustain yields. 

PHOSPHORUS SOURCES FOR RICE ON ACID SOILS 

Trials were started in 1987 WS to determine the 
effect of different P sources and application rates 
on rice yields in farmers' fields in Pili, Camarines 
Sur, and Lucban, Quezon. Table 6 shows the soil 
properties. 

P application produced a yield response only in 
Lucban (Table 7). The highest P response 

Yieldb (t/ha) 

IR29723-143-3-2-1 

2.9 c 
4.1 b 
3.3 c 
2.9 c 
4.8 b 
2.7 c 
4.2 b 
5.5 a 

b 

Table 6. Properties of soils used in P-sourceu trials. Pill, 
Camarinos Sur, and Lucban, Quezon, 1987 WS. 

Soil property 

pH (1:1)Organic C (%) 
Total N (%) 
Exchangeable bases 

(meq/100 g)
 
Na 

K 

Mg 

Ca 


CEC (meq/100 g) 

Pill, Lucban, 
Camarines Sur Quezon 

5.12.3 4.71.8 
0.20 0.20 

0.14 0.37 
0.08 1.15 
1.63 2.84 

10.1 6.07 

17 26 
Available P (ppm Bray II) 11 11 
Available Zn (ppm) 2.0 1.0 
Particle size (%) 

Sand 42 55 
Silt 
Clay

Texture 

44 
14 

Loam 

36 
9 

Sandy loam 

(1.7 t/ha) was obtained with partially acidulated 
phosphate rock (PAPR) applied at 30 kg P/ha. 
With all P sources, except for triple superphosphate 
(TSP), P increased yields only at the highest rate. 
With TSP, P response was recorded at 20 and 
30 kg P/ha. PAPR at 30 kg P/ha proved superior 
to North Carolina rock phosphate. At 20 kg P/ha, 
PAPR and North Carolina rock phosphate were 
less effective than TSP. Less reactive phosphate 
(guano) was effective only at 60 kg P/ha, similar to 
TSP at 30 kg P/ha. 
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Table 7. Grain yiegd of IR64 as affected by P source and Sol moisture tension (kPo)

application rate. Lucban, Quezon, Philippines, 1987 WS. 100
 

Treatment Grain(k/)
 
(kg P/ha) yield 80 0
 

(t/ha) 8
 

Unfertilized control 2.9 d 60 
No fertilizer P 3 0 d 
Triple superphosphate 

10 3.1 d 
20 3.9 bc 40
 
30 
 4.2 ab
 

North Carolina rock phosphate
 
10 3.4 cd 20 
20 3.2 d 
30 4.0 b
 

Partially acidulated phosphate rock
10 3.2 d b (-S,,,,, (w,1)4 1S-rs,,,w,)20 3.2 d 

30 4.7 a 20 30 40 50 60 70 80
Less reactive phosphate (guano Days after sowing

20 3.4 cd I. Soil moisture tension for 3 P fertilizer levels at 30-cm depth.
40 3.4 cd IRRI greenhouse. 1987. 
60 4.2 ab 

CV %) 9 

Stomatal conductance (cm/s) 
6 

PIiOSPHORUS NUTRITION OF RICE FOR Y 100P0(/I0c/
SUSTAINAIBLE RICE FARMING 0 50 

4 0 0 

The effect of P source on rice in acid and acid
 
still'ate soils was~*-tudied in four countries. SeeT
 
Cooperative Country Projects. 
 2I 

STOMATAI. AND GROWTH RESPONSESTO WATER 
DEFICIT AND PHOSPHORUS FERTILIZATION IN
 
UPLANI) RICE 
 0 Slwl I I I 

25 30 35 40 45 50 55 60Phosphorus increases the root growth and yields of 65
Days after owing


upland rice in acid soils, but little is known about P 
 2.Effect of applied P and water deficit on stomatal con
effects under moisture deficit. To assess this, a ductance of lR64. IRRI greenhouse. 1987. 
greenhouse experiment was conducted during 1987 
WS. Plants were grown in I10-liter barrels 
containing soil from IRRI's acid-upland testing periods and led to a faster recovery of stomatal 
site in Mahipon, Cavinti, Laguna. Main plots were conductance upon reirrigation after the first stress
3 P fertilization levels: 0, 50, and 100 kg P/ha. (Fig. 2, 3, 4, 5). Stress developed much faster
Subplots were 3irrigation treatments: continuously during the second period, presumably because the
saturated (W I), unirrigated from 29 to 44 d after plants were larger and used water faster. Although
sowing (DAS) (W2), and unirrigated from 55 to 67 Pfertilization may speed recovery from drought, it
DAS (W3). Soil moisture tension (SMT) at 30 cm may also lead to drought susceptibility if it
soil depth reached the breakdown limit of 80 kPa enhances canopy growth and water use. To 
during both stress periods (Fig. I). Increase in P simulate field conditions, this experiment used
fertilization level resulted in faster rise in SMT. large barrels; however, field-grown plants might

P application reduced stomatal conductance respond differently to P fertilization under water 
and leaf water potential faster during both stress deficit. 
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Stomotal conductance (cm/s) 

6 

5-

4 

appie A9h 

P applihedAl/ha)-

1 00s 35 45 0ed 5 0/ho) 

lO0 

SII I I\ 1 

25 30 35 40 45 50 55 60 65 

Days after sowing 
3. Effect of applied P and water delicit on stotnatal con-ductance o 1IR64. IR R I gircenhouse. 1987. 

Water potential (MPo) 
0 

[ -completely 

T 

-2' 

pd (k7g/h,.) 

-3-

-4- Srflooding.
' "Stre( 1 2 I I Iand 

38 42 46 50 54 58 62 66 

Days after sowing 
4. Effect of applied P and water deficit on water potential of 
IR64. IRRI greenhouse, 1987. 

FERTILIZER RESPONSE OF DEEPWATER RICE 

Split-plot experiments with fertilizer treatments as 

main plots and deepwater rice (DWR) entries as 
subplots were conducted on acid sulfate soil in 
Prachinburi, Thailand. Fertilizer was basal incor
porated, or broadcast before the onset of the flood 
for second applications. There were 30 entries in 
1984, 21 in 1985, and 24 in 1986. Each entry was 
sown in a 3-row, 3-m-long plot, with 25 cm 
between rows, at 3 g dry seed/ in of row. Entry 
yields were regressed against treatment mean yields 
to estimate fertilizer response. 

Water potential (MPa) 

0 

-1 

-2-2 

-

P '- Aioo
 

V 50 

s'
1 I I I I"' .. '
38 42 46 50 54 58 62 

Days after sowing 
Afect of i P w d it on water potential of1,Fl~ l o applied Pand w ater del ci n w t rp e t al f

IR64. IRRI greenhouse. 1987. 

In 1986, floodwater came 40 d after emergence 
(DE), with a rapid rise in early September that 

submerged most plants at 60 DAS. 
Many plots, particularly the nonfertilized. did not 
survive. Only 40% of the check plots (zero fertilizer) 
did. Survival was successively higher with in
creasing application of N and P (Fig. 6).

Data for 3 yr (Table 8) indicated that SPR'76 
com3-5-2 was most responsive to fertilizer-it gave 
very high yield with high fertilizer, but low to zero 
yield with little or no fertilizer under early severe 

In both the fertilizer response experiment
the farmers' fields, it had a regression slope 

Survival (%of plots) 
100 

80

60 

40 

20 1 

0-0-0 0-37-0 37-0-0 37-37-0 37-0-0 37-37-0
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6. Eftct ol irtilier on survival of plots of'deepwater rice (24
entries X 3 replications) after early flooding, Prachinburi,Thailand. 1986 WS. Top row = basal incorporation, bottom 
row = prellood broadcasting. 
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Table 8. Mean yields of entries across 6 fertilizer treat
ments (main plots), 1984-86 WS. Prachinburi, Thailand. 

Grain yield over treatments 

Entry 

1984 1985 1986 Av 

SPR'76com3.5.2 273 204 51 176 
HTAFR77058-45.3 241 155 122 173 
HTAFR79256-3 250 136 52 146 

BKNFR76045-35-1-2-1 236 164 71 157BKNFR76042-18-1.1 174 149 90 138 
SPR7411-7-2.3.2 206 131 142 160 
RD19 185 173 86 148 

LMN111 
 230 - 158 194 

Mean 224 159 96.5 161.5 __ __ ___ __ _ _ _ _ _ _ _ _o 

greater than 1.2 and a mean yield higher than the 
overall average. LMN I II had regression slopes of 
0.5-0.6 in both. It yielded less than the mean in 
farmers' fields, but higher than average in the 
response expvriments, mainly bcciuse it performed 
well at low fertilizer level in 1986 

Correlations for the regression analyses of,(a

responsive genotypes have been high, indicating
that data froin small plots can indicate their 
performance. 

RI[SI )AIA. FHI(IS OF ROCK IItOSPIIA IF IN A 

DFFPW\A I Fi ItCEFIIIFLI) 


A long-term experiment begun in 1984 in Pra-
chinburi, Thailand. is assessing the response of 
DWR to annual dressings of rock phosphate( 1.8% 
available P, 165' total P) or TSP (45% P) in 
comparison with residual effects of single initial 
applications. The soils are Sulfic Tropaquepts, lowC 
in natural fertility, with pH 4.0 (1:1 water). 
Available P was 4 ppm from Bray 11at the start of 
the 	 experiment, and total P was 265 ppm. 
Treatments, soil and crop P, and mean grain yield
for 1985-86 are listed in Table 9. 

For each year there was a highly significant 
curvilincar co'relation between P uptake by plants 
it 6 wk after emergence and soil Bray II-P: R22 

0.76 fOr 1984, 0.85 for 1985, and 0.88 for 1986. 
From 1986, the highest yields were from the 
residual effects of the initial application of rock 
phosphate equivalent to 140 kg available P/ha 
(Treatment 7), and were about 0.5 t/ha more than 
the other phosphate treatments (Table 9). Predic
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tion of available P after three crop seasons showed 
that the measured available Pvalues for TSP plots 
were lower than the predicted values, whereas in 
the rock phosphate plots all measures were higher 
than predicted. It appears that rock phosphate in 
this acid sulfate soil has released P from th," total 
fraction to produce more available P, whereas 
available P from TS Pwas fixed, and the higher the 
TSP the greater the fixation. On acid sulfate soils, 
DWR responds to phosphate application, and 
residual effects may be important in determining 
phosphate fertilizer application. 

LONG-TERM SUILFUR FERTILITY TRIAL 

The experiment continued at the IRRI farm during 
1987 DS and WS (10th and IIth crops) on the 
effects of continuous application of high-analysis 
fertilizers (urea, TSP, and KCI) on rice grown in a 
clay soil. 

In )S, N combined with other nutrients 
significantly increased yields over the control 
(Table 10). As in previous years, N remained 
limiting. Zn fertilizer applied alone or with P,K, or 
both gave no response. The yield from NPK + 
straw + Zn was comparable to those of NPK + 
azolla + Zn and NP + Zn. 

Table 10. Yield of 15 treatments in the long-term S fertil-
ity trial with irrigated rice.a IRRI, 1987 DS and WS. 

Treatmentb 	 Yield ft/ha) 

Control 3.8 c 2.5 b-e 

Zn alone 3.1 c 
 2.2 de 
N + Zn 6.4 a 3.2 a
P +Zn 3.3 c 2.2 de
 
K + Zn 3.4 c 2.5 b-e 

NP + Zn 
 6.0 ab 2.9 abc

NK +Zn 6.4 a 2.9 abc 

PK +Zn 
 3.2 c 2.1 e
NPK + Zn 6.4 a 2.9 abc 
NPK only 6.6 a 2.8 a-d 

NPK+S 6.4 a 3.2 a 

NPK +Zn + S 6.6a 2.7ae 

NPK + azolla + Zn 6.0 eb 2.4 cde 
NPK + straw + Zn 5.6 b 2.7 a-e 
S. 	rostrata incorporated 2.9 abc 

into the soil at 1 DBT 

i bn a7.IR64 was used inDS and IR66 inWS.bzn as root dip in

4% ZnO solution. Sas urea S at 40 ko S/ha. 

In WS, yields were low because of heavy rains 
during the reproductive phase and rat damage 
during ripening. 

Despite the high-analysis fertilizers containing 
almost no S,Sdeficiency isnot yet apparent. Yield 
responses from NPK alone were comparable to 
those from NPK + Zn and significantly higher 
than those from Zn alone in all trials (Fig. 7). 

Over the 5-yr period, yields have increased 
during DS but declined during WS (Fig. 7). To 
explain this, we plan additional research. 

RESPONSE OF TWO LOWLANI) RICES TO TIME OF 
SULFUR APPLICATION 

Trials in Batangas, Philippines, during 1987 DS 
and WS determined the response of lR64, anearly
maturing variety, and 1R28222-9-2-2-2-2, a 
medium-maturing line, to three different times of S 
application, using elemental and urea S. 

In DS, 1R64 yielded significantly more than the 
control when S was applied at transplanting than 

Grain yield (t/ho) 

6-


NPKtZn 

4 S 
-s +Z., _ 

NPK ,,, , 
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4 - "N X V 
2 1 1 1 1 
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....1Zn 
2L . I I 
1983 84 85 86 87 1983 84 85 86 87 

Wet season 	 Dry season
 

Grain yield trends over 5yr of 5treatments in Block 421-A,
IRRI farm. Long-term sulfur fertility trial in irrigated rice.
1983-87. 



when applied 15 or 30 d after transplanting (DT). 
IR28222-9-2-2-2-2 yielded higher when S was 
applied at transplanting or at 15 DT than at 30 DT. 
Yields were similar between elemental and urea S. 

In WS,residual S in the soil gave no significant 
effect.2 

Results support S application at transplanting 
for early-maturing rices and from transplanting up 
to 15 DT for medium-maturing rices. 

RISI)tUAl.1,FFEICTS OF APPI.IE) SULFUR ON 
)WI.ANI) RICE 


The residuai effects of five S fertilizers-
(N -14)204, elemental S,S bentonite, gypsum, and 
urea S--were determined during 1987 DS and WS 
in a farmer's field in Batangas, Philippines 
(Fluvaquentic Tropaquept). IR64 was the test 
variety, 

In DS, yield increases of all sources of S over the 
control were significantly higher than that of NPK 
alone (Fig. 8). Moreover, yield increases of ele-
mental S and S bentonite were higher than those 
obtained from the previous cropping season (1986 
WS), but yield increases of(N H 4)2SO 4,urea S,and 
gyp rum decreased, 

In WS, no S source gave a significant increase in 
yield over NPK alone, indicating that residual S 
from the fertilizer had been depleted. 
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Yield increase (t/ho) 
4 DSecntrol,3O7/h,.
DS
 

.S: WS
contro -34t/hoa 

3-
 LSODo0 05 ) 

-


NPK Sbentone Urea S ElementalS Gypsum (NH4)2SO4 

8. Average yield increases ofH R64 over control due to residual 
elects of applied S for 2 successive cropping seasons. 
Batangas, Philippines, 1987. 

Significant differences in S uptake were observed 
between sources of S,except S bentonite, and NPK 
alone and the control in the first crop. However, S 
uptake was the same in all treatments in the second 
and third crops which depended only on the 
residual S. 

Total dry matter yields (TDMY) with all S 
sources except S bentonite were significantly 
higher than those with NPK alone and the control 
in the first crop fertilized with S,as well as those in 
the second crop with residual S only. No significant 
difference in TDMY was observed with any treat
ment in the third crop. 
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IFH'("I S 01: PLAN IINt I tNIU ANI) 
NITRO(i[N MANAGMIENI ON CANOPY 
PIHOIWI YN IH !SIS IN LOWLAND RICE 

Agronomyt De'arlnw'n2 
In ; cooperative Study with tie University of 

Hamburg, Federal Republic of Germany, canopy 
photosynthesis and respiration measurements were 
used to determine crop growth rate (CGP) in 
lowland rice grown under several cultural practices. 

In the 1987 dry .'ca.onr(DS), responses incanopy 

gas exchange and standard agronomic parameters 
to various N application split ratios and techniques 
were monitored from seeding to maturity in trans
planted (TPIR) and direct seeded (l)SR) 11(64 at 
tliMaligavi Rice Research and Trz'tiing Center, 
NI ufoz, Nueva Ecija. Sclar radiation for this 
period is shown inFigure 1. 

Transplanted IRn, suffered a2- to 3-wk delay in 
development vegetative growth, and tillering 
because of transplanting shock. Modified N 
application timing and method could not eliminate 
the transplanting shock but affected vegetative 
CGR makedly (Fig. 2). N deep placement (USG 
and band placement) and 1/3-2/3 split application 
reduced initial CGR but led to more vigorous 
growth at panicle initiation (Pl) than did resear-
chers' sPlit. 

High initial CGR in broadcast seeded rice(BSR) 
was followed by slower growth at 40-55 d after 
seeding due to exhaustion of applied N (Fig. 2). 
This termporary N deficiency interrup'ed tillering, 
which resumcd after N topdressing (Fig. 3). 
Biphasic tilering kinetics occurred only in direct 
seeded IR64.This led to aborted tillers, particularly 
in row seeded and broadcast rice, where plant 
competition was high. 

When fertilizer was broadcast and incorporated 
into the soil, the generally superior vegetative
growthl in direct seeded 1R64 resulted in N dilutionin shoot tissues, followed by temporary N de-

ficiency (Fig. 4). This adverse effect was overcome 
when N fertilizer wa.,. injected into the soil. The 
yield pitential of DSR was therefore best realized 

through a 13-2/3 split band placement of N 
fertilizer at 87 kg N/na, which gave a crop 
productivity of 72 kg ha per d and an average 
,,,rain yield of 8.5 t ha. 

These results suggest that canopy photosynthesis 
and resulting yields depend largely on N con-

!'c'nr radiation (MJ/m 2) 
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2.Vegetative phase crop growth rates (CUR) as computed
from canopy ga.. exchange and radiation in IR64 with various 
planting fechniques and fertilizer splits (90 kg/ha), Mufioz, 

Nueva Eciia, Philippines, 1987 DS. BP = band nlacement, 
USG urea sipergranules. 

centralion in leaf tissue (Fig. 5). The dynamic 
interaction of leaf area formation, N dilution in 
tissue, and canopy phot3synthesis is manageable 
through cultural practices. 
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3.Kinetics of tiller nut.iber (solid lines) and daily tiller production (broken lines) in IR64, using 4 planting
methods in Mufioz, Nueva Ecija, Philippines, 1987 DS. TP = transplanting. 

EFFECT OF CULTURAL CONDITIONS ON THE 
PATTERN OF NITROGEN UPTAKE 

Plat Physiology Department
N application method 

timing ":nd ) Yield
'i 

n tn lThis experiment examined the effects of cultural 
" soil 

Photosynthesis pattern of varieties with different growth durations. 
N IR64 and lR36892-163-1-2-2-1 were planted in 

7. practices and fertility on the N absorption 

Lsowth 1986 wet season (WS) at IRRI under 4 N levels (0,
Losses Plant /60,
Nuptae 
 120 kg N/ha, and 60 kg N/ha as slow-release 
Z4 Ndilution intissue - Differentiation fertilizer) aoplied basallh, 3plant densities (20 X V),V 20 X 20, and 20 X 30 cm), and 2 soils varying in

Npico n Ndemand fertility (Table I). 

little difference was observed in patterns of N
ghniilNsupy---H''nigrowth----HighNden"addunng PIabsorption between short- and medium-duration 

varieties grown under varying cultural practices 
and soil fertility (Fig. 6). The amount of N in plants 

4. Schemnati, diagram of the interaction between plant N increased exponentially (y = ab5 ) during early 
uptake N utilization, and growth leading to N dilution in growth stages and linearly (y=a + bx) during
tissues. IRRI. 1987. 111= panicle initiation, middle and late growth stages. Similar trends we-
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Table 1. Chemical characteristics of soils at 2 IRRI sites,
1987. / y:0 129xI139X
 

Field FieldProperty 8 ytO 112t l 161X ..E33 Ml1 i o13,144 A -1 
"
 

pH (KC,) 6.3 5.4 4
 
OrganicC %; 


pH (H2 0) 7.1 6.4 

1.36 1.23
 
Total N (%) 0.136 0.129 
 1 " 
C:N 10.0 9.5
 
CEC (meq/100 g soil) 36.3 
 33.3 Tillers (no/rn 2 )

Ammonification a 

(mg/100g) 
 1200
 
Dry soil 11.76 10.72
 
Fresh soil 
 6.70 4.55 

aIncubation at 30 °C for 4 wl,. 800
 

400obtained at hoth high and low basal N rates and 
plantl dlnsitieS dtiring tniddlc and late growth ,1i " 
slages, .xcept parameter 'a' representing the inital 1 2 4 6 7

0 14 28 42 56 70N absorh d. l'he crossing point o1" the two D ter tnsplnting 
Cqotitins Coincided with lMIXiInHUlni tillering, 
wih tel varied with plant dcensty and kind of ' .N birptitt tern attd patltrn t ileh tgorice plantsgrown utidet dil I.rent kinds 0l N Iertilier. IR RI. 1987 WS. ASlertiliicr (Fig. 7). s1,1ant nil llatll 
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l)uring tile exponential phase, the rapidly Table 2. Highest yield in transplanted (TPR) and broad
decomposable soil organic N and basal N were cast seeded (BSR) flooded rice in the continuous cropping
largely absorbed by plants to produce new tillers, experiment. IRRI, 1968-87.
 
and tile limiting factor for N absorption was the N Highest yield t/ha)

absorption ability of tile plant. During the linear
 
phase, the slowly decomposable organic N was 
 Year Dry season Wet seasona Wet seasonb
largely absorbed by plants, and the limiting factor TPR BSR TP:'9 BSR TPR BSR 
for N absorption was the mineralization rate of soil 

1968 8.0organic N. 7.4 6.4 6.3 5.8 6.01969 8.0 8.1 7.8 7.9 7.1 5.7
Narrow spacing shortened the exponential 1970 9.9 9.4 7.8 7.5 3.8 3.7

phase. On the other hand, use of slow-release 1971 9.9 10.1 6.5 6.8 3.5 3.51972 8.7 9.9 4.9 4.9 5.0 4.8fertil Ier lengthened the exponential phase and 1973 8.4 7.9 5.0 5.0 3.2 2.9
:ncreascd parameter b', reflected in the high N 1974 7.1 7.0 4.3 4.3 4.1 3.8
absorption rate during the linear phase (Fig. 7). 1975 7.1 7.1 4.8 5.3 3.9 3.81976l)uriItg the linear phase, the N absorption 7.1 7.5 4.3 4.6 3.7 3.7rate 1977 7.6 6.9 6.3 6.4 4.6 4.7
based on parameter'b' was also affected by the soil 1978 C.8 6.1 5.2 4.6 4.5 4.6 
chemical characteristics (soil fertility) but not by 1979 6.5 6.2 5.9 4.9 4.4 4.3plant d'nsity and ain t of' balsal N. 1980 6.6 6.7 4.81991 7.5 4.6 4.3 4.07.9 5.0 4.9 3.5 3.5

The absorption pattern of th: rice plant was also 1982 6.4 6.0 4.6 4.5 4.6 4.1 
alfected by the level of NH 4 * -N in tile plow layer, 1983 7.1 6.4 3.6 3.6 3.9 4.5which decresed exponentially after trg 1984 e,- 5.7 4.9 4.9 3.9 4.0transplanting 1985 6 1 6.5 4.4 4.4 - 
al became constant at a very low level after 1986 7.6 6.8 4.0 4.0 4.2 3.6 
ma:Xli1um tillering. 1987 6.4 6.4 4.1 4.1  -

7.5 7.3 5.2 5.2 4.3 4.2 
aMay-October planting. boctober.January planting. 

()NT INtUOJS CROPI' N(; 

Agrouom" Delarinie 

(IULTURAI. PRACTICES AND THEIR EFFECTS
From 1962 to 1967, crop stand establishment 
 ON .O)GING AND YtEt.t) OF IRRIGATFD RICE
 
methods with three crcps per year were evaluated Agronomyr Department
 
at four N levels in Block 1s3-ofthc IRRI farm. In
 
1968, this experiment was redesigned to compare Experiments evaluated the effects of plant spacing,
the yield of TPR with that of flooded BSR at four crop establishment method, and N application rate
N rates, this design has continued, on lodging an, I yield of two rices at IRRI in 1987 

Yields oi I,:R and TPR have been similar in 11S DS. 
and WS (fable 2). !- ring 20 yr of continuols The bending resistance of tall cultivar IR21820
cropping at 3 crops ,yr the highest yields from 154-3-2-2-3 was higher than that of tile short
plots supplied with N fertilizer have averaged statured 1,32429-47-3-2-2 when bothi were direct

7.4 t ha iI DS, 5.2 t ha in the WS crop grown in seeded or transplanted at 20- X 20-cm spacing,
May-October, and 4.2 t; ha in the October-.anuary irrespective of N level. At 20- X 10-cm spacing, the
planting. Yields declined alter 5 yr. Yields have bending resistance value of both cultivars was 2.3 
been higher in )S than in WS. Similarly, the May- kg at 100 kg N/ha. In lR2K20-154-3-2-2-3, it
October WS planting nas yielded higher than that increased to 2.6 kg at 125 kg N/ha, then to 3.1 kg at 
in October-.anuary. 150 kg N /ha.
 

In plots not receiving N fertilizer since 1968, total 
 The elasticity index of II 32429-47-3-2-2 was 
vield was 16.0I a per yr for the first 5 yr and higher than that of IR21820-154-3-2-2-3, irrespec
declined to only 10-1l t/ha peryrfrom the6th year tive of plant spacing, crop establishment, or N 
to the present. level. 
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Yields of IR21820-154-3-2-2-3 at 20- X 20-cm 
and 20- X 10-cm spacing were similar and 
significantly higher than those obtained in PSR, 
irrespective of N level. Lodging increased with N 
rate, subsequenltly reducing yield, 

Yields of short-statured IR3249-47-3-2-2 
spaced 20',: 20cm decreased with increasing N rate 
bccau.sC oft hc proliferation otfmorc Un prodtuctivc 
tillers ith increasing N rate Mhen plants are 
w\idelV spaccl. With 20- ", 10-cm spacing.. ields 
increased witli increasing N rate. In 13SR. the 
optimu nyield (6.2t ha) was obtained \with 125 ke 
N ha. 

[N ION 11) iIN(;'V~WAFIZ MANAF'M F1 

.\NI) YIII) OF IRRI(;A-I'I) RI'F 
I F; !'('!OF 

ltrolnoil. I)elairtment 

The effect of withdrawing irrigation at different 
growth stages on lodging and yield of rice was 
evaluated. In DS, lodging-resistant IR32!?9-47-3
2-2. moderately resistant IR64, and nloterately 
stisceptihle IR21820-154-3-2-2-3 were used. 

Even if it had the lowest bending resistance value 
(Table 3). 1R3242947-3-2-2 did not lodge because 
it is short. I1164 also did not lodge. Severe lodging 
"as noted with lI121820-154-3-2-2-3 tinder con-
tinuotis flooding, 

Elasticit valuties were lowest at 0.69 for I1R21820-
154-3-2-2-3 and at 0.70 for 11,64 under continuotis 
fi;odin~. indicating highly probable lodging 
(Table 3). 

Grain yields did not significantly differ among 
water management treatments, irrespective of rice 

variety. Tungro reduced 1R64yields. IR21820-154
3-2-2-3 yieldcd5.3t ha when continuously flooded, 
1.3 t 'ha lower than that obtained by draining at 
10 d after transplanting (DT) to PI and at booting 
to heading. I.odging in the continuously irrigated 
treatment resulted in spikelet germination and 
subsequently lok, yields. 

In WS, IR64 was replaced by IR66, ind 
IR29723-143-3-2-1 was included. Grain 'iclds did 
not differ according to water management treat
inent. Before bending resistance and elasticity 
index data were taken, tile crop lodged because of a 
typhoon. Yields were extremely low because of
shattering, except in 1166, which lodged before it 

was battered. 

F 0-1[[I 'RII'ARAI ION ON()S1FI)ILIN(i 
I RIANSI I ANTING SOI(CK IUIYRY AN!) YIFIID 

OF IR R I(iAF I) RI(!: 

,ronomwi' I7l)artmewn 

In 1987 )S, we studied ease of recovery from 
transplanting shock, and yield in an irrigated field 
of seedlings raised from an ordinary seedbed and in 
travs. At 5-10 DT, seedlings raised in trays were 
more 'igorous than those from the ordinary 
seedbed. At 15-20 DT, plant vigor was similar for 
both seedling preparations. 

Yields did not significantly differ between the 
seedling preparation methods irrespective of N 
level. In most cases, seedlings raised from the 
ordinary seedbed outyielded seedlings raised in 
trays by 0. 1-0.8 t/ ha. The highest yield was 
obtained with 11,32307-107-3-2-2-1 (5.8 t/ha), 

Table 3. Effect of water management on bending resistance and elasticity index of 3 rices. IRRI, 1987 DS. 

Bending resistance (kg to 300) Elasticity index 
Water managernenta 

IR64 IR21820-154-3-2-2-3 IR32429-47-3-2-2 IR64 IR21820-154-3-2-2-3 IR32429-47-3-2-2 

Continuously flooded 3.1 2.9 2.6 0.70 0.69 0.85 

Drained at 20 DT to PI 3.0 3.0 2.5 0.81 0.57 0.82 

Drained for 10 d at 2.7 3.3 2.6 0.73 0.73 0.86 
booting 

Drained at 10 DT to PI 2.8 3.3 2.3 0.73 0.70 0.88
 
and at booting co
 
heading
 

aDT = days after transplanting, PI = panicle initiation. 
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while IR64, hurt by tungro (RIV), gave the lowest 
(3.I t ha). Intermediate yields were obtained with 
IR29723-143-3-2-1 and IR21820-154-3-2-2-3. 

FFII('I (IF PITANI (ROW 1I R [It'LATORS ON 

I.())(IIN(i IN IRRI,6ATIE RICI 

Agromi-I),Tirtment 


Research at I R RI in '987 WS.evaluated the effect 
of plant growth regilators Hoe 78784. CCC, and 
1P-333 on minimiing lodging in rice. Four rices 
were used: Khao Dawk Mali 105. Basmati 307, 
!R,21820-154-3-2-2-3, and IR42. l42 ,Aas hter 


excluded because of heavy RTV infection. Plant 
growth regulators were sprayed on leaves in 
appropriate dosages at early booting, 
The entire crop lodged because of a typhoon 

during the milk to dough stages. hence, no reliable 
grain yield data were obtaincd. However, cuhm 
samples were taken to determine how plant growth 
regulator application affected internode length. 

Hoe 78784 significantly reduced second and 
third internode lengths in tlasmati 307 and 
IR21820-154 3-2-2-3, and the third to fifth inter-
nodes in Khao l)awk Mali 105. PP-333 signi-
ficantly shortened the third to fifth internodes in 
Khao 1)awk Mali 105. CCC produced no dif-
ferential effects. Generally, panicle length was not 
affected by plant growth regulator application, 

WAIIR I)IH(T I ANI) NI'I'RO(FIN ITRIII.IZATION 

AH'R(IS ON SIMt AI IINSIT DAI)
RITI 

ACROSS A Pt ANI IN6 DENSIJY GRADIt:NT
 

Agroinmy IDepartmnt 

Upland rice farmers generally cannot manipulate
" 
water inputs, but by properly managing crop 

nutrielts and planting density (PD) they may be 
able to reduce drought damage. In 1987 DS, a 
study determined the effects of N fertilization and 
PD relationships on yield. l.ow tillering Kinandang 
Patong and high tillering UlPI.Ri-5 were direct 
seeded in a fan design to generate Pi)s from 2 to 
238 plants,, n2. Three N fertilization treatments (0, 
50, and 100 kglha) were applied in equal split 
applications (basal and at tillering) across 2 water 
regimes (stressed and fully irrigated). Water was 
applied by a whole-plot overhead sprinkler. To 

SOIl. AND CRtP NIANA(.IENIE.NT 391 

impose drought stress, irrigation was stopped for 
15 d, from 24 Mar to 6 Apr. 

Leaf water potentials of fully irrigated plants 
were not related to PD (Fig. 8). On the other hand, 
predawn and midday leaf water potentials of 
stressed plants were inversely related to PD. For 
stressed Kinandang Patong, N fertilization exacerbated leaf water potential reduction at high PD. 

With higher PD, less light penetrated the rice 
-Canopyin both irrigated and stressed plots. At 

moderate PD (32.9 plants rn2), N fertilization 
significantly reduced light transmission. At lower 
PD,N fertilization did not affect light transmission, 
suggesting that N nutrition did not limit canopy 
development at low PD,even when no N feitilizer 
was added. 

Shoot dry matterand leaf area index (LIAl) were 
no, significantly affected by cultivar, therefore data 
for Kinandang Patong and UPIRi-5 were com
bined. The relationships between shoot dry matter 
or I.AI and PD differed significantly between 
stressed and fully irrigated treatments and between 
N fertilization treatments (Fig. 9, 10). These results 
suggest that N application above 50 kg/ ha has no 
benefit under drought. 

Grain yields were highly variable, probably a 
result of nematodes and other pests evident late in 
the season. Three overall trends were observed: I 
grain yields were significantly greater in fully 
irrigated than in stressed plots, 2) yields were 
directly related to N fertilization level, and 3)yieldswere greater in UPI.Ri-5 than in Kinandang
Patong. Under stress, the optimum PD ofU PI.Ri

5 increased with N fertilization level. At 0 N, the
optimum PD was 8-15 plants/m 2, whereas at 00 

2kg N/ha the optimum PD was 30-80 plants/i .For other varieties and irrigation treatments,relationships between grainyield and P) appeared 

asymptotic, showing no clear optima. 

FACTORS AFIECTING UP.AND RICE YIELDS 
Agronoml' Delgartment 

Effects of fertilizer, weed control, and their inter
actions on the grain yields of farmers' and modern 
varieties in WS were determined on three farms in 
Santo Toinas, Batangas, four in Cuenca, Batangas; 
and three in General Trias, Cavite. A second 
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Kfnondang Patong 
Leo; xater Potential (MPa)

,lil 
Predawn 

Predon I 
Midday U* U 

-1V*I I 
Midday
 

U 100 kg N/ho V 
-2 0 50 kgN/ha 1401 . 0 

V NoN 

Irr \coted Stressed 

-3 

UPL R,-5 

Vredw ,, ; II 
Predawn 

I 
Midday U 

Midday 

-2 fly, 

Irrigated Stressed I 
I 1 -j I I 

0 20 40 60 80 240 0 20 40 60 80 240 
Plant population density (no /m 

2
) 

8. Predawn and midday leaf water potentials on the last day of stress for 2rice cultivars, in response to irrigation and N 
lertiliation across a plant population density gradient. IRRI, 1987. 

experiment evaluated five integrated input third experiment evaluated the performance of six 
packages of fertilizer, weed control, and insect rice cultivars under three weed control levels. 
control using farmers' and modern varieties. A Table 4 lists the soil properties of the sites. 

Table 4. Chemical properties of 4 Cuenca, 3 Santo Tomas, and 3 General Trias soils. Batangas and Cavite, Philippines, 1987 
WS. 

Range Mean 
Property 

Santo Tomas Cuenca General Trias Santo Tomas Cuenca General Trias 

pH 5.2 5.5 5.1 5.6 5.2 5.3 5.4 5.2 
Organic C (1%) 0.6 - 0.8 0.6 - 0.7 0.7 - 0.8 0.7 0.7 0.8 
Total N Ml 0.08- 0.09 0.08- 0.09 0.09- 0.10 0.09 0.08 0.10 
Exchangeable K (meq/100g) 0.83- 0.90 0.98- 1.46 0.45- 1.83 0.86 1.14 

Mg 4.56- 5.00 4.69- 7.32 5.92- 8.77 4.83 5.66 7.04
 
Ca 10.9 -11.7 12.0 -19.2 14.9 -17.3 11.2 14.6 16.2
 
Al 0.08- 0.40 0.06- 0.27 0.06- 0.11 0.22 0.14 0.08
 

CEC (meq/100 g) 21.8 -22.3 22.3 -31.0 27.4 -29.9 22.0 25.0 28.9
Olsen P (mg/kgl 3040 13-25 8-53 34 19 28 
Active Fn (%) 3.23- 3.41 2.38- 2.54 2.46- 2.66 3.31 2.47 2.53 

Mn Ml 0.14- 0.15 0.13- 0.16 0.23 0.15 0.15 0.23 

1.30 



Dry matter(g/m2 
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9. Shoot dry tmatier yield ol rices in response to irrigation and 
N tertili,'ation across a plant population density gradient. 
IRRI, 1987. 

Rainfall distribution in Santo Tomas was fairly 
even, resulting in low soil mloisture tension (S NIT).
ILow rainfall during the vcgetative phcase raised 
SMTto51 kPa in Cuencaand to.56 kPa inGeneral 
Trias. 

Santo rTlias farners'lertilizer N rates averaged
52 kg ha. No farmer applied P or K. Weed control 
was done three times with animal-drawn farm 
implements and once by hand. Two of three 
farmers planted the traditional upland variety
Kitiandang latong. 

In (uenca. farmers' fertilizer rates averaged 60 
kg N, ha. Mechanical weed control was done five 
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Leaf areaindex
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10 I.LtlailirCiiJtex of rice in response to irrigation and N
 
lfrili/tltior ilcrOssi plat populaion density gradient. IRRI,
 
1987. 

times and hand weeding twice. All farmers planted 
Kinandang Palong. 

General Trias farmers' fertilizer raies averaged
49 kg N/ha. Mechanical weed control was done 
twice and hand weeding once. Two of three
farmers planted C- 171. 

Yield with farmers' inputs was lowest in santo 
Tonas and highest in General Trias (Fig. II). Rice 
variety accounted for 79% of the 1.1 t/hayieldgap
in Santo Tomas (Fig. 12). in Cuenca, variety
accounted for 94% of the yield gap on the 4 farms; 
weed control did not contribute to the yield gap,
because farmers' weed control consisted of five 
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Grin vied Ct/ha, 	 mechanical and two hand weedings. In General 
R.... ,Trias, fertilizer, rice variety, and weed control 
Far.mer n..S.. accounted substantially for the yield gap of 

0.8 	t/ha. 
Performance of integrated input packages. 

Package levels (M I-M5) used in an,ther experi
ment on the same Farms appear in Table 5. No 
farmer applied insecticides. 
InSanto Tomas and Cuenca, treatments Ml 

and M5 produced higher and comparable yields 
than M2-M4. In General Trias, M5 yielded 1.3 
t/ha higher than MI. M2-M4 produced lower 
yields (averaging < I t/ha) because of ineffective 

,.. . 2. -L __ weed control methods. M5 averaged 3.4 t/ha over 
Suonto Tomas Cuenca General Trios the 3 sites and M 1,2.1 t,/ha. 
3 forms) (4 forms) (3 forms) 

,icltls ' 
inputs ii2 'hilippine pinsc 1987 WS. 
II.\s clage upland ice sitlt and rcsearchcrs' Performance of rie cultivars. In a separate

experiment, all rice cultivars in Santo Tomas 

Grain yield ita 
4 . . .. . .. . ... . .. . . . . . . 

l 4eF earchers inputs 	 U V77 

3 F- Farriers inputs 	 Wed00r,0'o 

-

1 12 !/ 
9% 	 6%0, 25%i 38% 

1 so279 ///F- 37 

Yarnis (no) 2 Farms (no 4 Farms (no0yield gaip 1 1 1 	 C:2Yield gap 0 7 tha Yield gap: 0 8 t/ha 

Santo romas, Batangas Cuenca, Batangas General Trias, Cavite 
12. Aseragc .cklv,,ithlariters' and researchers' inpUts and relative contributions of fertilizer, weed control, and variety to the 
yiCMIgap inupland rice in 2 Philippine provinces, 1987 \VS. 

Table 5. Farmers' inputs and 4 input management package levels. Batangas and Cavite, Philippines, 1987 WS. 

Sites Package Fertilizer Weed control
a (no.)Location (no.) level N (kg/ha) 
 Insect controlb (no.) 

C. V! HW 

Cuenca 
 4 M1 60 0 5 2 0.3
Santo Tomas 3 M1 52 0 3 1 0
General Trias 3 M1 49 0 2 1 0 
All sites 10 M2 20 0 1 0 0
All sites 10 M3 40 1 0 0 0All sites 10 M4 60 1 1 0 0 
All sites 10 M5 80 1 2 1 2 

aC = chemical, M = mechanical, HW = hand weeding. bAll foliar. No granular insecticide was applied. 
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produced low yields without weed control (Table 
6). With farmers' and researchers' weed-control, 

6 E IR43, UPLRi-5, and IR12979-24-1 were the high 
U U Coyielders. In Cuenca, yields of 1R43 and UPLRi-5 

U 0U M M- " - were significantly higher than those of other 
4 : ,-:,4-, S M cultivars under farmers' and researchers' weed 

5E 
) i.-

_ 0 
control. Without weed control, no cultivar gave 
any yield. In General Trias, JPLRi-5 produced 

00 -
o 

E 0 
U 'E 1.5 t/ha without weed control. With farmers' and 

researchers' weed control, 1R43, UPLRi-5, and 
,4M,C 1R12979-24-1 were the high yielders. 

a. a)CNO 

--	 DFFPWATER RICI" FOR HERBAGE 

-o .n - - 2C Plant Phvsiologr Departinent 
U if "00 S 

0 00 00U: 	 m 
-, 

A collaborative experiment with the Rice Research 
CC 

Institute, Thailand, and the Dairy Training anda 	
C-W Research Institute, University of the Philippines at 

: 	 UUU a!i ~~a-r ". - . Los Bahos, examined the effect of leaf cutting on 
- N. 0. M ( m. the growth, development, and yield of DWR and 

S'' the crude protein content, in vitro true dry matter 
-digestibility, ; and chemical composition of its 

S -herbage. See the section on Cooperative Country 
. (, Projects. 
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MANAGFMFNT OF WTHLANI) SOILS I-OR Rl(l Table 1. Saturated hydraulic conductivity of columns' of 
silty clay loam aggregates compressed at 0.10 and 0.35 

Soids a(I Agricultural Lngiu'eringl)eJl(rtments MPa at each of 3 moisture contents. IRRI, 1987. 

Wetland management to lessen water percolation. Saturated hydraulic
conductivity c 

Wetland preparation for rice usuaily comprises Moistureb at Ratio for 
puddling by plows, harrows, or rotary implements. compression For 0.10 MPa For 0.35 MPa 0.10/
SuICh preparation can lessen soil porosity (es- compression compression 0.35 MPa

ca"esnsolprst (e(mm/d) (mm/d) _____ ____pecially of wider, elongated pores) and hence 

water-percolation rate. The tillage implement can 0,94 X PL 2200 6.5 330 
lessen porosity by directly deforming soil, and the 1.00 X PL 320 2.5 130 

-"1.06 X PL 6 0.3 20 
subsequent water flow through water-transmitting 
pores can close the pores by filling them with aAggregates (diameter 1.0-2.0 mm) compressed within 

dispersed clay particles. In animal-powered opera- cylinders 7 cm high X 7 cm diameter. bPL = plastic limit 
moisture (=0.35 g/g). CToo high to measure for uncom

tions, hoof pressure--typically 0.3 MPa- can pressed aggregates. 

change porosity. 
The clffcts of this pressure on soil hydraulic 

conductivity an( its interaction with soil-water 
content were measured in laboratory studies using Soil tests for choosing wetland preparation 
1.0- to 2.0-m-dianmter aggregates of nonpuddled method. To predict the suitability of rice soils for 
silty clay loarn soil. About 130 g of aggregates were wetland preparations, we (with colleagues from the 
loosely packed 3.5 cm high in each of 18 metal Commonwealth Scientific and Industrial Research 
cylinders 7 cm high and 7 crn in diameter. Organization Division of Soils, South Australia) 
Aggregates were wetted with deionized water to have established tentative guidelines (Table 2) for 
achieve moistr-es, in 6 cylinders per moisture, of selecting the most efficient method of' lessening 
0.94, 1.00, and 1.06 X plastic limit (P1.). For each water percolation. The low-cost tests relate to soil 
moisture, 3 replications were compressed at 0.35 aggregates'stability against slaking and dispersion 
M la and 3 at 0.10 MIPa, and the resulting in water. Many I RRI soils and Guimba turod soil 
compressions (decrease in soil height) and saturated belong to Class 3,and their conductivity should be 
hydraulic conductivitics were measured, lessened by compaction at 0.3 MlPa at field 

Compressions at 0.10 and 0.35 M Pa lessened capacity (or P1) followed by flooding with salt-free 
soil height by 48 and 54i (each averaged over 3 water. 
moistures), respectively; soil was compressed more Fieid trials tested this hypothesis in previously 
at 1.06 than at 0.94 or 1.00 X P,,particularly for puddled and previously nonpuddled silty clay loam 
0.1 M Pa pressure. Hydraulic conductivity soils using duckfoot cultivators pulled. by hand 
(Table I) was lessened much more by 0.35 M l1a tractors or 4-wheel tractors, but using salt
than by 0.10 M Pa compression, and more when containing irrigation water. In previously puddled 
compressed wetter than when drier than PL. The soil at its PI.(0.37 g/g) and using irrigation water, 
ratios of conductivities for the two compressions duckfoot cultivation lessened percolation to 5 
show the interaction of applied pressure and water mm d,as compared with 2 mmnid from animal
content. For 0.35 MPa, compression at PI, or powered plowing and harrowing. In previously 
wetter lessened conductivity sufficiently for water- nonpuddled soil of conductivity 420 mmid, 
efficient riceland management. For 0.10 M Pa. duckloot cultivation at about 1.15 X PL but only 
compression at any tested moisture did not lessen 0.03 M la pressure and using irrigation water 
conductivity sufficiently, lessened percolatioi, to 60 rm/d,compared with 
Thus, unless water tables are shallow enough to 12 mmi'd by plowing and harrowing. But with 

limit water flow, wetland preparations that do not rainwater rather than irrigation water, plowing and 
exert sufficient grounl pressu.re may not lessen harrowing lessened percolation to 7mm /d. 
percolation. Conversely, on some soils, compres- Predicting percolation from pore size. In our 
Sion alone without soil inversion (as by a duckfoot field trials of implements and power sources for 
cultivator) may be sufficient to lessen percolation. wetland preparation, we observe water percolation, 

http:pressu.re
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Table 2. Soil classes delimited by tests of soil-aggregate Table 3. Predicteda and measured water-percolation ratesstability, and the corresponding tillage recommended to in silty clay loam soil due to various wetland preparationlessen water percolation rate to 1 mm/d. methods. IRRI, 1987 WS. 

Class Property Recommended tillage Relative hydraulic conductivityb 

1 Completely dis- Zero tillage, then flooding Value by for land preparation by
persive (e.g., sodic) P+HC SRTd 	 FRTe NTf 

2 Partially dispersive 0.1 MPa compaction, then
 
flooding Prediction 
 1.0 1.5 4.79 1.9 

3 At plastic limit, 0.3 MPa compaction at Measurement 1 . 0h 1.4 1.8 1.8
dispersive in field capacity, flood
rainwater immediately with salt- Predictions were made, using the Kozeny-Carman equa

free water tion, from porosities measured by thin-section micromor
4 Nonsodic, contains Work at plastic limit, with phometry. Measurements (geometric means of 2 replica

carbonate or 	 0.3 MPa animal hoof tions) were made using double-ring infiltrometers and 
gypsum pressure corrected to a standard water table depth of 30 cm. bNor

5 Dispersive when malized in relation to values for plow and harrow. CPIovwWork at saturation, with and harrow. dSkid-supported rototiller. eFloating rotovery wet 	 0.3 MPa animal hoof tiller. fNontilled. gNo explanation for high value. hActual: 
pressure 8 mm/d. 

6 Acid; flocculates None available
 
7 
 Gravel subsoil 	 None available 

CIJLTIVATION OF P)U)I)LEI) SOIL. FOR DRY 
SEASON MAIZE AND LEGUMES 

soil structural properties, and rice and weed Soils, Agricultural Engineering, and Agrononiy
growth. We inc!udC measurements (from col- I)elartnents
 
leagues at the Istituto per la Chimica del Terreno,
 
Pisa, Italy) of the porosity contributed in each 5-cm 
 For dry season (DS) mtngbean grown on pre
layer in 0-30 cm depth by pores of diflerent widths viously puddled soil and !:;;ng soil water remaining
and shapes, including elongated pores that facilitate after irrigated rice iarvest,experiments in 1985 andwater transmission. These measurements are made 1986 showed yield benefits from deep strip tillage,
on thin sections of soil prepared from each soil and yield penalties where seed-zone soil remained
laver in plots subjected to various wetland chemically reduced after long submergence during
preparations. rice growth. The experiments quantified the effects

These porosity ,ltues may he used to estimate on legume growth of the drying compact layer in
approximate values of absolute soil hydraulic puddled soil and the effects of soil drying and rice 
conductivity. and to prediet more precise values ('or stubble on seedling emergence for mungbean
relative conductivities of zones of similar soil planted by hand and by mechanical seeder.

subiected to various structural manipulations. The 
 Research in 1987 at IRRI and in farmers' fields

predictions are made through the long-established measured percentage emergence of mungbean,

Kozeny-Carmin 
 eq uation, and data ftor the 6 soybean, and maize far various tillage methods and
successive depth layers in 0-30 cm are combined seeding techniques and timings (including relay
through a simple electrical resistance analogue seeding before rice harvest). Supporting studies
model. For the absolute cond uctivity, the measured measured the effects and interactions of soil water,
porosities and aSSUlmptions predicted a value of 50 temperature, and strength on germination and 
mm d. close to the measured field values of emergence [Or mungbean, soybean, and maize and
10Imm d. Relative values (Table 3) are normalized for tropical sesame varieties. Field studies sought
to an assumed ,Valueof 1.0 Ior the plow and harrow to determine the draft force needed fOr deep strip
treatment. Apart from an inexplicably high value tillage, and the critical soil depth below which
in the prediction for the floating rototiller (a Value tillage is cotnterprod nct ive. They also investigated
derii ng from improbably high values 0f porosity the interactive effccts on iungbean yield of deep
in 0-10 cm), tlie normahited predictions and tillage and soil rcdox status, the benefits to produc
observations agree strongly. tion of shallow water table, and the Usefulness of 
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tests of soil aggregates' stability for predicting soil 
suitabilit\ for Natious methods of' postrice tillage. 

Seeding techniques, cultivars, redox status, and 
plnt emergence (,S'oils ant .l gricuurul Engi-
'wcrinF). For mungbean seeded into previously 
puddled Vertic lropaqucpt clay loam soils, we 
(\\ithI colleagues Irom the Institute of Plant 
Frceding. I)niversity 0f the Philippines at los 
]Ba los,and Iromlthe ( lJni\ersitv of Minnesota, 
ITSA) measured direct and interactive effects of 
seCding technique and delay, soil-redox status, and 
munghean cultivar. 

Before intungbean, contrasts of chemicallv 
reduced and rcoxidicd soil were created on each ofi 
two fields: rice was grown on submerged soil on 
half of each field (in randomized plots), with the 
other half uncropped and not submerged (though 
previously puddled). To equaliize moistures at 
mungbean seeding, all plots (whether after rice = 
AR or after fallow = A F) were reflooded imme-
diatelv after rice harvest: but flooding was brief to 
a oid chaninllg redox conditions. ()n one field 
(icld F13), at 3 d after draining (DAI)) reflooding 
v,ater. 3 mungbean cultivars (.'ES 2(-4 (Pag-asa 
3), IPI3 M79-9-82. and IPI3 M79-13-60 (Pag-asa 
5) were cach planted into nontilled soil by an 
iiverted-[ mechanied seeder and planted by hand 
into manually opened ftlrrows with 6 replications 
each of AR and AF plots. rhe two IP13 varieties 
emerged significantly better than did CES 2G-4 
(I able 4). Mechanized seeding produced higher 
emergence than did manual seeding. For mechan-

Table 4. Emergencea of 3 mungbean cultivars from 
previously puddled silty clay loam rice soil, relatee to 
method of seeding and preceding cropping.b IRRI, 1987 
DS. 

Emergence (1%)for seeding 

Cuttivar By hand By seederc SED Mean 

AR AF AR AF 

CES 2G-4 29 30 53 75 10 47 
IPB M79-9-82 40 40 55 90 11 56 
IPB M79.13-60 48 52 73 83 13 64 

SED 8 8 12 16 3 
Mean 40 41 60 83 4 

a At 14 DAS, mean of 12 X 1.6 m rows. bAR = after rice, 

AF = after fallow. Clnverted-T seeder, 

ized seeding (but not for manual), emergence was 
higher A F than AR --in AF plots the seeder might 
have planted at more uniform depth and covered 
seeds with soil aggregates better. 

Overall. emergence was far less than the 93% 
recorded with inontilled soil iW1986. Low emer
gence, especially on the manually seeded plots, 
maNv have been because recently imported topsoil 
was insufficientlv friable for seeds to contact soil 
and imbibe water. Neither soil dryness nor soil 
strength is likely to have caused low emergence. 
Although soil moisture at 5cm depth varied more 
than expected within the field (fron 0.24 to 0.53 
cm cm3), emergence rate did not correlate with 
this moisture, which even at 0.24 cm3 cm 3 was 
moist enough for mungbean emergence (Annual 
report for 1985). Furthermore, soil strength in 0
5 cm, as measured by cone penetrometer, and soil 
temperature (23 o(, at 0800 I and 29 'C at 1400) 
showed no effect of previous cropping or seeding 
method. 

In the second field (Field FI I), we measured tile 
effects of deliberate seeding delay and its interac
tions with seed-/one tillage and preceding cropping 
on emergence percentage for manually seeded (ES 
Id-21 mungbean. Seeding delay, measured from 
draining the reflooding water, extended by I to 
15 d on nontilled (TO) plots and by 3 to 18 d on 
plots that had a combination (T6) of deep strip 
tillage followed by (ib) surface tillage. Corres
pondingly, soil moisture 0 in 0-5 cmi (average of 6 
replications per treatment) ranged between 0.29 

land 0.55 cm c1. and for combined data over all 
treatments correlated significantly with emergence 
percentage : 

L' (7.7 1 9.8) + (161 f 30) 0.78") 

Within this correlation the following relations were apparent. Emergence percentage was ap
proximately constant, at 9i ± 5, for scedings at 

I-5 DAD for both A F and AR and f'o TO and T6. 
For T6. however, emergence from seeding at 5 

DAD was about 7"1 more than for 3 DAD the 
2 (1 of additional drying helped create a better 
structured seed ,one. For delays beyond 5 )AD, 
er'gencc declined progressively to anout 70" for 
TO at 15 DAD, and to about 40(' for [6 at I8 
DAD. Emergence in T6 plots declined more 
because tilled soil dried more rapidly. With longer 



dchk'ys, emergence was c(-nsistently higher AF than 
AR, as with mechanized seeding at 3 DAD in the 
first field. 

In a third field (Field 1:14)(in coll'horation with 
the I niversity of Reading, [nland), we measured 
changes in .soil-water potentia and content, and 
consrClent effects on the emergence of manuallv 
seeded and Iachine-scded IPB 79-17-79 mung-
bean. Tli' prcinMslv pn'ddled and relooded rice 
soil was allowed to drain aid dry (withont furlher 
ti -lag) inder )S high irradiane conditions. 
Mantoal seedings crc done at 3 5, 7, 10, and 14 
)AI, anrid nachine seedings at 3, 5. and 7 )AI) 

using a prototype seeder developed for relay-
seeding of leglinies and na1ic/ into moist rice soil 
just bClore rce ha rve:,t. F\cry 2 d alter the VariOts 
seedicgs, soil-water jcotelt.al was determined for 
each l-ccII laer in 0-15 ci dep i by mceas uring the 
\sater ahsorbcd by calihrated filter papers con-
tIcting the sampled soil. 

Potential at 5-cm depth was --0.01 MI Pa at 3and 
5 )AI), and --0.05 MlPa at 7 )AD. Fniergcice 
rates olr ianul .eedings at 3, 5. anti 7 DAD were 
9t( 1 2. Fort le prototype seeder, emnergence rates 
\\ere W0,75. and .), respecti.ely At 10 and 14 
I)AI), wilth potentials of -0.8 and -1.2 MPa, 
manual seedinigs gavC cierence oF It) and P7. 

L,.abor;ator\ sttdies ;It Reading ciniversity, in 
which MiiIigheai seeds riade contact thlrough 
scliperleable necbrancs 'Oith solutions of 
polyethyilet glycol al various water potentials,
indicated that t le limiting potential forgernination 

was --2.2 M Pa. 
In Field FI 14, a colleague from the Agency for 

Age'rictulttIr;ri Rese.cl and Developcnent" Indo-

ciesia, evalnatcd the prototypc relay seeder and 

canial broadcast s,'eding for CES ld-2! flung-

bean and iil'l. S.1-2 !ovbean. each seeded at 3 

I)AI) into soil with Fli of 300 ciV acid moisture oF 

0.45 cu ci at 5-cn depth. Ecrfergetice per-
centages were 65"' -' 5 f0r mechaciied-relay and 
201 1 5 lor hroadcast seeding fOr mungiean. and 
3411 3 and 0(' for soybean. Broadcast soybean 
seeds Were Unahlc to imbibe stiflicient water for 
gercination, 

Ic lhilippince fields in aita Rosa arid Victoria, 
in seed tones of 50-55% clay, iiUngbe:n was 
dibhlcd it 20 )AD into soil kept fairl\, moist 
(0.5 cn' cmi)1 by rain arid shallow grOUndwater. 
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Emergence exceeded 75% in tilled and nontilled 
seed zones.
 

t
In wetter (0.55 cmi cm3) cay sell on a Guimba 
farm (with very high evaporative demand), mung
bean was seeded by hand and dry seeder at 3 DAD 
into a field with water table at 0.9 m depth, and at 9 
DAD into a field with water at 0. I in. 

The prototype relay seeder gave mungbean 
emergence of 90', _± 10, but emergence from 
dibbled seeding on those same days was only 
48"1 ± in Ithe deeper water-table recgime and 62+ 
2 in the shallower regime. The mechanical seeder 
may promote emergence because its coulter disc 
dis'tupis thc seed-/one soils, while dibbling presses 
the aggregated soil over the seeds. Mungbean 
einergence 'rom soil rototilled af'er rice harvest 
(rototilled very wet because of groundwater 
upwelling) wa:; only 14% + 4 because rototillage ill 
this wet state created a cloddy, sticky seed zone. In 
the Guimba experiment, emergence rate for relay
planted maize was 58;j ± 4 with deeper ground
water and 68, + 5 with shallower groucdwater; 
corresponding rates for soybean were only 13% ± 4 
and 36(. ± 4, consistent with findings in IRRI 
Field F14. These lower rates for maize and soybean 
resulted in part from lungal attacks on the seeds in 
wet soil. Maize and soybean emrgences from soil 
unintentionally wetted after rice harvest were 
about 10%- comparable to mungbean emergence. 

Seed size, seed soaking, mulch, plant emergence, 
and crop production (Soils ). Figure I illustrates 
the importance of crop establishment (seedling 
emergence) in determining crop production. Mung
bean grain yield (frem three cultivars and two 
seeding methods) is related to plant density under 
AF and AR conditions. Soaking seeds in water 
before seeding will increase and hasten seedling 
emergence, as will sowing the largest seeds (top 
25%). Field trials in a silty clay seed zone showed 
that a 2-h seed soaking incre;..-d emergence by 

'-%for sowing at 4 DAD into wet soil, and by 30% 
for sowing into drier soil at 7 DAD. In growth
chamber studies at 25 'C, emergence from beds of 
1-3 mm soil crumbs at -0.04 and -0.6 MPa 
potential increased about 15% for small seeds (2.8
3.4 rum diameter) but not for large seeds (>4 nim). 

Because 1) the soil in both field and growth
chamber experiments was wetter than -2.2 MPa 
(the limit forgermination), 2)the benefit of soaking 
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I. Grain yield of dry season I)S) rainfed inungbean in relation 
to plant population density and preceding land use on nont ilied 
previously puddlCd VertCL lpbpaqucpt clay loam soil IRRI 
Field 1 3. 1987. Average ol 3 cultivars and 2sowing methods. 

was greater for smaller seeds, and 3)emergence in 
the field trial was higher [Or manual than for 
mechanized seeding, we conclude that soaking 
compensated for inadeqtuate seed-soil contact, 

Seed soaking and seed-soil contact also affected 
tinw for emergence: small seeds soaked for 2 11 
emerged in 2.1 d t 0.2 compared with 2.5 d ± 0.2 
for nonsoakcd seeds: large seeds required 2.8 d ± 
0.2, irrespective of soaking. Both large and small 
seeds emerged more quickly (a: both 25 and 30 O') 

from soil aggregates of 1.9 mil mean diameter than 
from those of 1.0 rmni emerging shoots may 
have found eas'er pathways between larger than 
between smaller aggregates. 

Plants 'rom larger seeds grew more vigorously. 
In the growth-chamber study, plant height at 7 d 
after seeding (DAS) was 32,4( 9 higher from large 
seeds than from small (17.0 ± 0.2 compared with 
13.0 ± 0.2 cm). In the field, plants (measured at 39 
and 45 DAS) were 34(, ± 3 taller from large than 
f'rom small seed:, fOr scedingat 4 DAI),and 18%+ 
2 taller for ,,eeding at 7 DAD. Total dry matter at 
35 l)AS showed similar efeTcts: a 70% ± 10 
advantage for lirge seeds for 4 l)A), and 401 ± 
20 for - DAI). The greater effects for 4 )AD may 
be because larger seeds had bigger energy reserves 
to overcome higher soil strength for that seeding, 
whereas soil was wetter after 7 DAD because of 

rain on that day. Plants were 9% ± 3 taller, and had
22% ± 20 more div matter fron manual than from 

mchanized seeding: better seed-soil contact stimu
lated slightly faster emergence, leading to better 
growth. 

Rice-straw mulch (by conserving soil moisture 
and maintaining lower seed-zone strength) can also 

emergence and early growth of postrice
mungbean. In a field trial, mungbean was seeded at 
30-cm row spacing into a nontilled silty clay seed 
zone at 2 and 5 DAD on plots with and without 8t 

mulch/ ha. (Rice-straw yield istypically 
4 t/ha; the 8 t/ha was achieved by chopping 4 t 
straw/ha into 15-crn lengths and placing the 
chopped straw across the seed lines only, leaving
the intervening 15-cm sirips uncovered.) 

-hemulch lessened ;eed zone drying during 2-5 
I 

DAD by 0.02 unit of'volumetric moisture (a 30%-t 
20 effcct) and kept temperature 2.5 'C lower. Con

sequently, emergence was higher from mulched 
than from nonmulched soil by 9%± 11 (97 versus 
88%) for seeding at 2 DAD and by 17% ± II (84 
versus 67%) for seeding at 5 DAD. Plant height 
(average of 14, 21, and 28 DAS) similarly showed 
responses to mulch: 9,i, ± 3 and 13% ± 4 for 
seedings at 2 and 5 DAD, respectively. 

Aggregate size, soil-water potential, tempera
ture, strength and friability, and seedling emergence 
and rooting (Soils). Soil temperature and water 
potential, the strength of seed-zone soil, and the 
sizes of seed-zone aggregates relative to seeds affect 
germination and emergence in temperate soils. 
Corresponding effects and interactions for nonrice 
crops growing it,tropical rice soils have been 
studied in basic research with collaborators from 
China, Indonesia, and Sri Lanka and from the 
Universities of Reading (England) and Minnesota 
(USA). 

Mungbean germination showed interactive 
effects of water potential (set by polyethylene 
glycol -solutions) and temperature: germination 
percentage at 0.0 MPa potential was more than 
50% for all temperatures between 15 and 40 'C; but 
at -0.9 MPa there was no germination at 15 'C, 
and only 35% germination at 20 'C; at -2.2 M Pa, 
germination exceeded 50% only at 40 'C. 

For the speed of germination, expressed as tg50 
(days) for 50% of seeds to germinate, data for 
temperature Tin 15 to 40 'C and for potential yi in 



100 

0.0 to -1.7 MPa can be expressed as: 

(15.5 - 24.2 0)(T - t . 1) (r =0.86) 

This t,50 can in turn b used to describe, by 
correlation, the final percentage emergence f7/ 

I -5I i)t 9J.51io _ 0.9 1() 1 3 

For loot radicles, the thermal time-rate RE of 
elongation, that is elongation rate - temperature 
(in tmid.K), is related to (/ through the ex
pression: 

RE 0.80 exp (I .29%") (r(.998) 

Interactions of soil aggregate size, soil tempera-
ture, and water potential on mungbean emergence 
were studied in a growth chamber. Seeds were 
placed between the end faces of two cylindrical 
cores of soil ol' chosen aggregate mean .diameter 

and each brought to a desired potential. 
Figure 2 shows for 25 oC that emergence 

exceeded 50"1 except for aggregates of mean 
diameter <1.0 mm it) soil drier than -33 kPa 
potential. Correspondingly, emergence time 
lengthened with smaller aggregates in drier condi
tions. E-mergcnce percentage was hardly affected 
by temperature, but speed of emergence was 2-3 
times faster at 35 than at 20 'C. Measurements 
using a cone micropenetrometer fabricated in 
Minnesota showed that soil strength above the 
seed decreased emergence. 


The ability to create soil aggregates of a desired 

sie range depends on soil friability- the inherent 

capability of soil aggregates to 
 fragment into 
smaller units. Friability values for IRRI silty clay 
loam (probably the first ever measured for rice soil) 
were approximately 0 ("not friable") at 7 DAD, but 
were much larger (approximately 0.3,"very friable") 
at I) and 15 DA1), when the soil had dried beyond 
its liquid-limit moisture. 

Fm-a single size range of aggregates (1.0-2.8 mm 
diai., ,er, in plastic trays), the effects of soil 
temperature and potential on emergence of sesame 
(Sri Lanka collaboration) and tropical wheat 
(China collaboration) were measured. 

For sesame (cultivar Gingelly M 1-3), emergence 
exceeded 50% from soil as dry as -1.0 MPa when 
temperature exceeded 25 'C; but at 20 'C, soil had 
to be wetter than -50 kPa for 50% emergence. At 
potentials between -10 and -300 kPa, emergence 
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2. Perceniage emergence for CES Id-21 mungbean at 25 'C in 
agrowth chamber as affected by size of soil aggregates and bysoil-water potential. Aggregates' mean diameter was varied bymixing appropriate proportions ofsieved aggregates ofspecific 
sizes. 

rates at 25, 20, and 35 *C were, respectively, 80,90, 
and 95% (all ± 5%); for -10 to -50 kPa at 20 'C, 
emergence was 75% ± 5. Times for 50% of final 
emergence to occur, for potentials between -10 and 
-100 kPa, were 110, 65, 45, aid 35 h (each ± 5 h), 
respectively, for 20, 25, 30, atid 35 'C. 

For wheat (cultivar IPB UPLW-l) at 20,25, and 
30 'C, there were upper and lowLr limiting water 
potentials beyond which emergence was zero; 
between these limits, emergence was maximal 
(95% ± 5) at optimal temperatures. At 20, 25, and 
30 'C, the respective upper (wet) limit, optimal 
potential, and lower (dry) limit were -5, -100, and 
-2000; -10, -200, and -2000 kPa; and -30, -300, 
and -3000 kPa. At and above 35 'C, germination 
and emergence were zero. Time to 50% of final 
emergence was 70 i ± 10 at both 25 and 30 OC, but 
was significantly lor.ger (90 h ± 5) at 20 0 C. 

These studies indicate that farmers should 1)
select large mungbean seeds for sowing, or 2) soak 
seeds (all sizes) for 2-3 h before seeding; 3) wet seed 
zone soil to field capacity when sowing mungbean, 
sesame, or tropical wheat into soil cooler than 
25 'C; 4) use rice-straw mulch, concentrating it on 
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tile seed o\%: and 5) create seed /ones (soil 
structures) of lo I'strelIgh \\Ith 'waggregates less 

than 1.0 nun. 
Limitation of legume growth by the compact 

layer in puddled rice soil (Soil). Into a Vertic
I ropaquept cla\ loam soil that was puddled and 
then drained, 7-d-old Ci'S Id-21 nImungbean 

seedlings wcrc placed at I. 6., I, 16. and 21 )AI). 
The seedlings wCre grOwing in moist soil in 5-cm-

diameter X 10-ema-hign nonrigid plastic tubes. The 
tubes were placcd in 10-cm-deep holes with 5 cm 
diamctCr made by aug.r. The tubes had openings 
ill the hases to allo\ roots to emergec and encounter 
the drying, strenuthcning soil at 10-cut depth and 
he low. hOOta t.lid ro(oit grow t h . soil iislti t.and 

o 
strength, and depth to water table wcre IeaSured 
e\erv 2 wk. (i -ain aild fod der yields 'cre takenii 

(rop gtrOW\t tInd \ ild ind soil strength wrCIc 
colnsistenth tree oi an influence of a \.atcr table 
below I.) in. but werc afteItcd bv planting dela.. 
Plant height at maturity for plantings at 6 and I I 
I)A 1) ., ilf, 52 Cil 1 2; for I I)A I ). it was 39cm ± I, 
indicating all advcisc effect of ILx initially reduced 
soil: and lor 16 and 21 )AI) it was 43 cn ± 2 and 
23 cim ± I. rctspccticly, showing the effects of 

increasing soil strength. Root ilass per plant was 
significantly affected only lor 2I-I)A I) plantings 
less than half the value il otIhCI plintings. Grain 
yields were 2.4 t hIa + 0. Ifor I and 6 )A I), but 
declined sMteadil' thereafter to t1l1V 0. 1 t ha ± 0.1 
for 21 DAD (Fig. 3). [oLtder yield declined 

iarly. 

Increased soil strength produced this yield 
decline (Fig. 4). Yield wkas essentially /ero when 
coic-penetrlmlcter strength (iresistance at 10-cin 
depth) exceeded 2.5 M Pa at planting, an.d therefore 

hhisparticulaf soil in I),
over the seaot. In tis p r S D 
ntinogean should therefore be seeded duriig 0-6 
DAD to avoid vic.d loss due to soil stre ngth. Oin 
similIar soil in 1985 (Annual report for 1986), DS5 

rains extended this optinial planting period to 0-14 
I)AI). 

As in alternative to sowing soon after draining 
deep tillage can be used to lcsen the strength ofthe 
coinpact laver, preerably not over the whole field, 
but along parallc strips at 30-50 ci spacing, where 
munghean or ot'ier nonricc crops will be seeded. 

Groin yield t/ho) 
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3. I ltect ot drying tlthe compact layer in previousty puddled
lice soil oin fhe grain yield of )S CIS td-21 mungbean. IRRI 
I-icld Ft13, 1987. i)rvig %wiscllccicd by delay in transplanting 

of rtiotct in rgetlitca scedlings picgrown for 7 d in moist loose 
Soil ill prhoratCd contaitier I0 cn high. ('ontainers wereplaced into 10-cm-dccep holes augered at successive days after 
fiCld dhaiing ill VCrtiC lroilaqupt clay loam. 
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4. V;fet of ric,--soil strength fcone-pcnetrometcr resislaice) on 

grai 1nyield of* )SCI SId-21 Iinu ghean. I R R IField FI 3, 1987. 
Strength icasiured at 10-cmi depth at the title ol Iransplanting
rooted nitingbean seedlings into augered holes in a pro
grcsi\ely drying ield of previously pudd led Vert ic Iropaquept 
clay loam. coSeedlings e,,eepregrown for 7 d in motist lose soil 

I i pclroatud-holton containrs 10 cinl high. Progression infield-soil stre'ngth was achieved by. ;uccessive delays of seedlling 
tr splaieilter dlie driiititranspkintin, afict field draining. 

Effects on rainfed mungbean of deep tillage, 
planting delay, and preceding submergence of 
puddled soil (Soils andI Agricultural Engineering). 
The 1987 )S experiment in Field Fl i with CES 
Id-21 niungbean as the test crop measured the 
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effects or no tillage (TO) and ol'deep-winged-tine AF AR, 'ield increased in proportion to plantstrip tillage to 35-cm depth fh shallow plowing and population Lip to about 500,000 plants,' ha; there
harrowing (T6). The experiment used 5 seeding after, yield reached a plateau (Fig. 5, 6). Similardclavs appropriate to each tillage, and Compared hchavior was observed in AF in the experiment inAR with AF.. Scedings ltr 10 were at I, 4. 8, 1, Ficld F13 (Fig. I). For both TO and T6. yield fromand 15 1),\%I): for 16, t licv .\crc at 3. 5, 9, 12, and 18 a particular popu lation was less AR than AF. Thc
I)AI): witll delavs ot less than 3 d for T6, tractor fractional ainon ot by whicli AR yield was lessthan

ieels \,oil Id hae danmaed the soi. The proce- AF(in the lier portinsotlhe cIIrvcsI was231"i
dure lor creating I contrast of AR and AF 8 for TO, hut only I li7 - 8 for T6.
Ireatlmenis of Sinilar \\C tness at I I)AI) was Assnlriii ng that the soil's ,henically reduceddescribed ai the Aimlioal report I'r 1986. Fach coiid itlion decreased yields, this fining would be
tmt.lllllct comhination of pieceding suhierger :e, expected, because tillage woLild prolllote ieoxida
tilLc, alid dcla\ was replicated 6 t1ies: seeding tion. The I'ractional decreases in Figures I and 5l, IIma ailf, at 35 cimi het s'nrirows arld 4 cm (hoti T0) are 48('i ± 8and 23( ±18: the d ifftrernces
ftcmcten plants, mitli first seeding H1 )AI)) on 3 mav have been du to the larger Ing1' of plariting

-01b. All se,ds rcCCivCd hoth Iungicide and iriocL- delays alld iCdox coiiditions in FigUre 5.

famit, hut 1o plots \os'tc felrtili/Cd. InscCts and weeds 
 Seeding dclays IMAI)) arc indicated in Figures 5\+.crc colntrollcd h\ apprloplilate Sprays, and weeds and 6 by the iitllbers within the symhols. For ARh\ lhnd +. d min at 23 I)AS. There was no cuirvcs, data for the shortest delays (1-4) lie below
irrieation llie seding, and the seasoll's riinf'all their respective clrvCs, supporting the hypothesistotliC only Ill m11nm.The ciops thus relied on soil- that growth aind yield were affected by low redoxprotfile moisture remaining after the hril re- stailus. For AF, when sliil dried 1ore quickly, datahloodilg tiat sinlulaled end-of-ric+-.season condi- for lonigerdelays (15 I18) also fall below the lines, as
1ions.Ie w+.'aihrtairiedhbelowi.4niIh watortahilwould he expected if rooting and yield wereby drains., ilhihited hy high sod strength.
 

Plant popillariils avCraged 550,000 ha for
 
scedings hetosecll I and 5 )AID, a.ind 250.000 
 ha
 
for those at IX I ).\ ), and \i c consistelitly lower 2ri ield (t/o)
 

'\ R than .\ F. ( irowtlh diffecrence hetmeen R arid INO loe
Al- plots slflossed at 22 

(To) 

)ASl. when AR plants 20 Afterfoilo.
 
arlaige ' 
 all dela s and both tillages) wvere Afterrice
 

12.ff cm 
 0 .7 high and AF piants 15.2cm ± 0.7:.it 41

f ),o. crrsponldling \ alities were 34.4 ± 1.1 and
- 8 

42.7 , 1.3. Plants AR oil 16 plots were 2517 higher

than those oll 0i (<i\vcraue of 5 delays and 4 I
2 
illecsl ri rI ccalsitu), bul ' F plants \,ere e I uallV i
till[ for either ifllaue. Faliest AR seedings (I or4 Z5 

)AD1)) produced plants slightly shortcr (parti
colfarlv for 16) than seeding at 8 or II I)AI), bt . 
ltet AR alid/ seed iigs (I5 or I1,8)AI)) proiduced 
p l a lnts appreciably (201, f shorter. particularlyI froml 
30 I)AS oiiward aid Ior AlF arid For tilled I00 

0 200 400 600Conldit Ins. Plano density (ihousond/ho)
Iif lrlericesinIgrain yield were sirnild r to those 5. (irain yield ottDSrainlid ('S Id-21 Iitinmitheall in rclatiunfor plant height. Figures 5 (or TO) ard 6 (for 16) it)plni popuflation dcnsil., prec'ding land misc,and dclay in 

p resent vie ld.S to 11in re latioii p11ant PllIation Stcd ing otn ntoutillcd previoiusly puddhtd Vcrtic Tiropaqtneptdensity. (istiicui~shirrg be~tween AiF arid hcoAF. Ficld 1:11, 1t987.Al, sil,beSiclav oc r clay loan, IRRI Numh'rsthi symbols indicate da.s ol'delay in seeding alitr fieldAdditionally, for all 4 combinations ol'T() 6 with diaining. 
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6. (irain yield of 1)S rainfed CIS Id-21 nuntgbean in relation 
to plant population density, preceding land use, and delay in 
seeding on nreviously puddled Vertiv Iropaqtept silty clay
 
over clayr loam that after rice harvest was deep-tilled, then
 
plowed and harrowed. IRRI Field FI 1,1987. Numbers beside
 
the symlols indicate dit's of delay in seedng after field 

draining. lb -- follos~ed ')N. 


Interactions of seeding delay and redox status 
are reflected in Figures 7 (for A R) and 8 (for AF), 
where yield isgraphed against DAD for TO and T6. 
Both figures demonstrate a consistent 0.2-0.3 t ha 
benefit of tillage. Both show that yield declined 
rapidly with delays beyond 9 DAD,partly because 
of lesser emergence and pooier rooting each a 

product of increased soil strength. For delays <9 d, 

AR and AF plots behaved differently. For AF 
(Fig. 8), yield was constant, indicating that suf-

ficient plants emerged and effectively used the 
available solar irradiance. For AR (Fig. 7), yield 
was lower in seedings made earlier into soil that 
was more reduced. Thus, for AR there was an1 

optimal seeding time of 6-10 I)AI), but even then, 
yield loss due to preceding submergence was 0.3
0.5 t!ha. 

Total dry matter yield (TDMY) and fresh fodder 
yield (FFY) at harvest showed effects of tillage, 
seeding delay, and preceding submergence that 
were similar to '1ose for grain yield. Maximum 
values (for seeding at about 8 DAD) for TDMY 
were 3.0 and 2.7 t ha for T6 and TO AF, and 2.4 
and 1.91 ha AR. For FFY, the values were 6.2 and 
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7. (irain yield of l)S rainfed ('-S Id-21 iungbL.an in relation 
to eeding delay aflcr field draining and for no tillage and deep 
plus shallow tillage preceded b'rice on Vertic Tropaquept silty 
clay over clay loarn. IRR I Field FII, 1987. 

Grain yield (t/ho) 
24 

1 
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04 Deeppushallow tillage 
Preceded byfallow 
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Seeding delay (days afler draining) 

8. Grain yield ofDS rainfed CFS Id-21 mutngbean in relation 
to seeding delay after field drainingand for no tillage and deep 
plus shillow tillage preceded by fallow on Vertic Tropaquept 
silts' clay over clay loam. IR RI Field Ff 1, 1987. 

5.3 t/ha AF, and 4.7 and 3.3 t/ha AR, for T6 and 
TO respectively. 

Draft force and critical depth in deep tillage 
(Soil.s andAgricultluralEngineering).If small-scale 
rice farmers are to use deep-tine strip tillage, the 
force required to pull the tines must be achievable 
using farmers' power sources. The tillage must 
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loosen the soil deep enough to promote DS crop 
root growth. Generally, the deeper tiletillage, the 
more extensive the loosening, but deeper tillage 
requires greater draft force. ,,Astillage depth 
increases, specitic resistance increases sharply at 
and be\ond ariii-a/ should notit epth. Tillage 
therefore penetrate deeper than this critical value: 
other\%ise, soil will compact rather than loosen, 
wasting time and Cffort. ('ritical depth dCpenlds on 
tile
soil. its %\citness,and the tine gCeoietry. 

II collahoration mitll tle Rural I)evelopment 
Administratio;n. Korea. draft force, area of soil 
loosening, and critical depth were measured in 
1987 )S for variots designs and conhinations of 
tines in pie\ iotsl\ puddled silts' clay lom at IRRI 
(for tillage to henciht )S crops) and in sandy loam 
and silt\ cla\ loam in Korea (where deep tillage is 
priinaril for rice). 

At ssctncss+ehoe to dral forces for a single.I' 


t,iro. tine v-.orkitl' to 20. 35. ald 50 cm depth 
kcrc, respectisl\. 3-4. 7-8. ant(lN-20 kN if siltyv 

clay foams, and about I kN less in satldv foam. I lie 
forces weretoircatcr M ie, the sintie tiatross tinte 
was pulled toetihier %,ith t\'o shalfoss leading titles 
to loosen taidCr soill area. -or a \\itlged tine 
working at 35 cmi at a range of moisturcs (tillage at 
increasing I )AI )) from the liquidlmit to 1.2 ,>I1.. 
draft correspondinigl. icreascd from 4 to 5 k N 
tile
latter consistent \\iih measMireiienits rcporLd 

(together whil tite illustralions) in tileAnnual 

report for 19N5. 

Inthese experiments, tintes \erc puled h 22 or 

35 kW tractors. -Iowe,,ci.deep-tine tillage to 35 cii 
L,11 be achicscd Using small (6 kW) gasoline 
engines exerting their draft through a winch and 
cable systemi(Annual report or 1984). I-oranitial-
powered tillage. the diaft rcqtiied Cel at at 
rclat ivcl shallmow 20 cm is bevotnd a carabao's 
capacit y.Work rate for decep-tin tillage to 20.35. 
anid 50 ctn at 4(1-ctn row spacing in the Korean silty 
clay loam \wIs, rcspcctively. 0. 10. 0.07. and 0.04 
ha i:wsork rarc for moldboard pIls Jrig to 25 cm 
usintg the same tractor 'as 0.20 ha h. 
The cross-sectional area (perpendicuhr to tile 

line of tillag,) of loosened soil \kas tneasured liv 
two methods. lIhe Irst in\ol\ed exava ting a 50-i 
cm-dccp trench across the line of tillage and tracing 
tle perimeter oftlic loosened /one onto transparent 
rigid plastic sheets pressed against the trench wall. 
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The second required measuring %erticalprofiles of 
soil strength to 50-cm depth using a cone 
penetrometer at 10-cm spacing along transects 
perpendicular to the tillage line, and then deli
nearing in the data array the lone within which soil 
strength \%as lcss by at least 0.5 NI Pa than in 
Untilled soil at cortesponding deptls. 

[1he 2 methods gave consistent results for 
loosening by a singl, tine, but the penetrometer 
estimate s\as lo\er bv 17I_4-8. Results were more 
divergent for combinations of lines, for reasons 
that need investigating. The area of loosened soil, 
b\ simplest mechanical theory,should equal d: the 
square of tihe depth of tillage. For tile Korean 
\%ingless title, loosened area approximated d2 for 
the silty cla' loani. bt was less thatn (though 
proportional to) e/.' for the: sandv loam. In IRRI 
silty clay loam. ho\\ever. the -relation did not 
describe soil loosening either for a winged or- a 
\ ingless tine,: loosening \\as larger than predicted 
it 1-25 cii depth, and less than predicted below 
25 cm. I hese patterns of loosening possibly 
indicate that Iriacturin, \was inflhenced by layerini£ 
ill the soil structinrfe. lhis layering was more 
de\cloped at IRIRI thaniat the Korean site. 

Specific rcsistanlce to tillage was aibouit 20 kNi m2 

fo tlie wiigcd or wingless tines workingat <30-cm 
depth il the sills ,lai foams, and approximately 30 
kN Ill' for the sandv loam where force produced 
less loosening because of the shorter range of soil 
struct ure. [or tillage deeper than 30 cil, and for all 
soils and tine.s specific resistance increased sharply, 
Identifying critical depth as 34 cm ± 3 for the
 
Korean soil and tine, and 32 cm ± 5 ill
the IRRI 
soil for the winged tilie and for tile wingless tine 
wsith )rwithout shallow leading tines. For the 
winged title and for tillage at all depths in 15-35 cm, 
specific resistance wkas less at 3 than at 8 or 18 
DA 1). bit measurement was not precise enough to 
detect any effect of I )AI) on critical depth. 

I hese results indicate that deep tillage for 
post rice I),crops shotld be utdertaken Ias soon as 
soill has dried CtIOugl fr Operations at a work rate 
of (0.1 ha Ii and \\itiout soil dalnage by tractor 
sheels.l illagc should not extend below 35 cm. 

Yield benefit fron (eel) soil loosening (So'ilyand 
.lri''t/htdr'] I: mvtr'ingtrin'). lhc potential for deep 
tillage to intcrease legune production was deter
mined by measuring mungbean growth and yield 
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on sites (root-sample pits of about 1.0 1n- area and 
1.0 Inl
depth) previously excavated and refilled 
thus creating a less compact structure. 

.\t 50 I)A.S. plants ou1 excavatcd sites were 4! 
8 taller that) ou unexUil\,lted soil (averagce ol all 

Combiuations ol ,.\and AR,and TO and T6): but 
or ,ARoul\, height increase due to0its was 54(( ± 

121 or 10. and 33 ( + 7 for T6.The smallcr increase 
for 16 \\as cxpcced. hecause 16 tillage like the 
pits also prollottd loosening, and ICoxidation, 

(iin \ ield I able 5) on exca\ tcd sites was 
hiieulr thar ol unexeavated sites by 0. 7-0.8 Ia 

(a551, increase lot allcombinations of AI- and 
:\R and 1(and 16. At exc.m ated sites on A F-T6 
plots, the a\crace yiLeld without fertilizer or irriga-

tion was 2.4 t ha (about 4 times the average 
Southeast Asian mu ngbean yicd), and was 
2.6 t ha for seeding at 9 or 12 DAD-,these are 
target yields fOr deep tillage technology. 

Table 6 shows tileextent to which the target has 
been reached in tillage experiments in IRRI fields, 
and the interacting effect of preceding soil sub
mergence. I)eep-tinc strip tillage, with or without 
supplementary surface plowing and harrowing, 
has increased yields, though sometimes insigni
ficantly. and not by the 0.8 t ha margin indicated 
in Table 5.When rainfall was lower, yield response 
to deep tillage was gieater because subsoil matric 
waltr made accessible by deep tillage was then 
Illsc ,'aluable to the plants. Moreover, if yield 

Table 5. Grain yield of DS rainfed CES ld-21 mungbean in excavated and unexcavated soilas related to preceding land use 
aand tillaged IRRI, 1987. 

Grain yield (t/ha) 

Iter Preceded by rice 

No tillage Deep plus 
shallow tillage 

Excavated 1.8 0.2 2.1 0.2 
Unexcavated 1.0 ' 0.1 1.3 0.1 

Differenceh 0.8 t 0.2 801 0.8 0.2 (651 

aAverage over 5 seeding delays; no fertilizer, no irrigation, 10 
loam. bFigures in parentheses represent percentages. 

Preceded by fallow 

No tillage 

2.2 2.0.2 
1.5 -0.1 

0.7 ± 0.2 (45) 

mm rainfall; IRRI 

Mean 

Deep plus
 
shallow tillage
 

2.4 ± 0.2 2.2 ± 0.1 
1.7 ± 0.1 1.4 ± 0.1 

0.7 ± 0.2 (40) 0.8 ± 0.1 (55) 

Vertic Tropaquept silty clay over clay 

Table 6. Grain yield of DS CES ld-21 mungbean as related to tillage and duration of possible reoxidation of previously 
submerged rice soils.a IRRI, 1984-87. 

1984 1985 1986 1987
 
Tillage
 

AF ARb AFb Atb,c AFb,c ARd AFd
 

Days of possible reoxidation (d) 
406 20 70 16 146 16 89
 

e

Grain yield (t/ha) 

None 1.8 2.1 1.0 1.6 
Conventional f 1.9 1.2 1.4 1.8 2.2 
Narrow tine and tractot 1.9 
Narrow tine and winch 2.1 
Deep-winged tine 1.3 1.5 
Deep + shallow tines 1.3 1.5 
Deep-winged + conventional f 

1.8 2.2 1.4 1.9 

Rat,,fall (mm)
 
33 47 64 10
 

aAF - after fallow, All = aftes rice. bExcluding plots located on unrepresentatively shallow soil. CFor seeding at 6 d after 
draining. dFor soonest possible seeding. "From 2 primings for 1984-86, 4 for 1987; standard error of difference: 0.1 t/ha 
for 1984-86, 0.3 t!ha for 1987. fPlowing to 9 cm followed by harrowing. 



decrease due to preceding submergence is less in a 
wetter season (is suggested in Table 6), )Srain (if 
not cxces;sivc) can possibly compensate for the 
poor ini, ,Igrowth AR,resulting from chemically 
red uced conditions, 

Yield response to deep strip tillage in 1987 l)S 
was measured on soils of much higher clay content 
than the 40(' at IRR 1.These were farmiers' fields in 
ILaguna, Philippines: in Santa Rosa on a Vertic 
TIropaquept with 55('7 clay in -40cti, and in 
Victoria on a lithic Mollic Tropaquept of 60((' 
clay. lillagce treatments were TO, T6, and TI 
moldboard plowing to 9 cm fh harrowing. 
Munghean ('S d-21 was seeded manually at 
35-cm row spacing at 15 d after rice harvest (about 
20 DAD), hut at high moisture content of 0.5 
C111cmt (caused by rain and shallow groundwater) 
oin I I and 18 l)ec 1986 in Santa Ro:;a and Victoria, 
respectively. McasurClents and crop management 

ere similar to those in Field FIt at IRRI. 
(irain yields at the 2 sites (compared in Table 7 

witl yields for corresponding DAD for AR at 
IRRI) were high, particularly for the low-input TO 
sys'em Yields (especially in Santa Rosa) with 
treatl mcnt TO benefited from rains at 8 I)AS that 
promoted higher emergence on nontilled than on 
tilled soill, but weed masses at 30 )AS (0.5 t ha in 
.Santa Rosaand 1.2 ha in Victoria) were 2.6± 0.8 
times higher than on tilled soil. At both sites, TI 
yields were least, because tillage of wet soil 
produced cloddy seed zones of high strength that 

St )tL ANt) ('R()I' NANAG(FMIiNT 409 

lessened emergence and seedling growth. For T6, 
the deep tine loosened the seed-zone soil sufficiently 
that subsequent plowing and harrowing created a 
more aggregated seed zone of lower strength. The 
high T6 production in Victoria was partly the result 
of 9 'fjhigher emergence. At either site, however, 
adjusting yields for emergence differences gives a 
yield response to deep tillage of0.2 t/ ha (oi 

This response was a consequence of soil strength 
il 	 15-40 cm (measured by cone penetrometer) 
lower by 1.0 M Pa on T6 than on TO and TI, and 
lower consistently than 2.0 MIPa, beyond which 
legume roots are unable to elongate. This lower 
strength allowed taller and leafier plants with 
greater root mass for T6 than for TO and T1,
 
particularly in Victoria. At both sites, plant height 
correlated inversely and significantly with seasonal 
average soil strength in both 0-20 and 20-40 cm. 

At both sites, grain yield Y (by plot) in t/ha 
correlated weakly with root mass as determined 
from core samples at harest. On IRRI Field Fl I, 
root yield R (t / ha) at harvest was determined by 
pinboard sampling: for plots seeded during 1-9 
DAI), R in 0-90cm AR was 0.32 t/ha for TO, 0.41 
t/ha for T6; at 5-90 cm (i.e., excluding thick 
primary roots), R was 0.20 t/ha for TO and 0.28 
t/ha for T6. AF, R values were equal for TO and 
T6:0.39t/ha forO-90cm, and 0.26 t/ha for5-90cm 
(all values ± 0.02 t/ha). 

Deep tillagethus increased rooting (probably by 
promoting better aeration) in chemically reduced 

Table 	7. Grain yield of CES ld-21 mungbean at IRRI (40% clay) and in Philippine farmers' fields (55-60% clay) as affected
by tillage and ddration of possible reoxidation following previous submergence, 1987 DS. a 

IRRib (40% clay,
Tillage Vertic Tropaquept) 

AR AF 

20' 89 

None (TO) 1.1 1.6 
Conventionale 
Deep f + conventionale 1.5 1.9 

SED 0.3 	 0.3 

> 1.4 

Santa Flosa (55% clay, Victoria (60% clay,
Vertic Tropaquept) Lithic Mollic Tropaquept) 

AR AP 

Days of possible reoxidation (d)20 	 20 

Grain yieldd (tiha)
1.6 1.6 
1.5 1.3 
1.6 1.9 

0.1 0.1 

Depth to water table (m)
0.7 0.9 

aAF after fallow, AR after rice. bField F 11. CFor seeding at 4 and 5 d after draining. dFrom 4 primings at IRRI, 3 at 
other sites; no irrigation, no fertilizar. eplowing to 9 cm followed by harrowing. fWinged tine at IRRI, narrow wingless tine 
at other sites. 
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soil (AR) but had little effect when soil was already 

reoxidized (AF). Moreover. Y(per plot) correlated 

with root yield through the same equation that was 

determined ir 1986 (Annual report for 1986), and 

that was consistent with the direct proportionalitv 

R = Mean values of k (constant of propor-
I?,. 

tionality) (tor 1-9 DAD) wee 3.2 ± 0.3 for AR-T0, 
3.9 ± 0.3 for AF-I'0, and 4.2 _T0.3 for A F-T6; thus,I5//AR/P 

roots in reoxidized soil (AF) were more effective 
than those in reduced soil (AR), and deep tillage 

enhanced this effectiveness. 
In the farmers' fields, Yrelated to seasonal soil 

strength q in bo, I 0-20 and 20-40 cm. One function 
for each depth was sufficient to represent the 2sites' 
combined data, and each showed that yield 
declined linearly with q beyond some limit -0.7 ± 
0.2 M Pa for 0-20 cm and 1.3 ± 0.2 M Pa for 20-40 
cm. These findings indicate the crucial importance 
of both surface-soil and subsoil strength. 

At each site, ) correlated strongly with depth D 

(cm) of root-exnloitable soil above a natural 

tuffaceous horizon of high soil strength: 


Santa Rosa: 
'--- (0.50±01.13) f (1))12it0.( )2)/) {r=0.77**,n- 18) 

Victoria: 
S- (0.6210.26)-r 1{(i.0I5I tl.1 )/ (r -0.62**, n1 IS) 

These equations are consistent with those reported 
for IRRI fields in Annual reports for 1984 and 

1985. In Field Fl I at IRRI in 1987. however, there 
were inverse relations of Y to D for early seedings 

and i't strong correlations for other treatments 
for reasons that need investigating. Nonetheless, 

the equations for the 2 farmers' 
--

fields and the 
equations from earlier IRRI experiments do 
indicate that exploitable soil depth is a component 
of soil fertility, and that in soils with root-impeding 
layers in 0-40 cm, disrupting those layers by deep 
tillage should increase yield. 

Absorption of solar irradiance (Soils). Deep 
tillage and other management practices increase 
yields by enabling crops to make more effective use 
of pitotosynthetically active irradiance (PAR). 
Figures 9 and 10 show for Field FI I and for 1985, 
1986, 1987, and for various management practices, 
the relations of TDMY and grain yield Yto PAR, 
with PAR represented by the total during 0-57 
DAS of PAR actually absorbed, i.e., corrected for 
10% reflection. Both graphs indicate that produc-
tion increased linearly with PAR to about 230 
M.J /m2, and less rapidly thereafte.. If PAR is also 

Total dry motter (t/ha)
 
6
 

86/o/AF/P 86//AF/P 

86/6/AR/P " 85I41ARIP - , tl" 

8//AR/P1 I
4 , 86/0/AR/P 

85/l/AR/P 87/6/AF/D 
-87/0/AF/P 

7//AF/P 

2 " Compens %oion 87/6/AR/0.rrodiance .,' "87'/6/An/P
"oi 87/6/AR/P

I [aproxmate \ 87/0/AR/P 

I 87/0/AR/0 

I Z 11 I _J 
0 oo 200 300 400 

Absorbed PAR (Mj/m 2 ) 

9.Total dry maiter at harvest of DS rainfed CES ld-21 
mungbean in relation to absorbed photosynthetic irradiance 
(PAR) and preceding land use, tillage, and seeding delay on 
previously puddled Vertic Tropaqupt silty clay over clay
loam, IRRI Field Fl I, 1985-87. Irradiance total for0-57 DAS. 
l)ata codes: year(1985, 86.87), tillage(0 none, I = plow and 

harrow, 4 - deep winged tine. 5 = deep -I-shallow tines, 6 = 
deep winged tine fb plow and harrow), land use (AF = after
falloi, AR = after rice), seeding delay )prompt IP] = 1-6 d 

after drainting IDAI)1 delayed 11)1= 8,9 DA D)., 

Grain yield t/ha) 
30 

25 87/0/AF/D 8 1/ 66/6,' 
Ez/0/AR/P- VA... 

20 - 87/6/AR/D. " 87,/Ar/P 

87/6/AR/P - T /-,/AR/P
8?IO/AIP./,. " 87- .S/6/AF/D

1.5 87/0/AR/, -86/AF/D 

87/r/AR/ - .- 85/4/AR/P 

1.0 - Compensoi.on 85/,/P
omnsairon / I. 85/)/ARP 

("'p°oxme",) 

05 ] 

0 100 200 300 400 
Absorbed PAR (Mdl/r1 2 } 

10. GrainyieldofDSrainfedCES ld-21 mungbean in relation
 
to absorbed photosynthetic irradiance (PAR) and preceding
 
land use, tillage, and seeding delay on previously puddled

Vertic Tropaquept silty clay over clay loam. IRRI Field FI I,
 
1985-87: Irradiance total for 0-57 DAS. Data codes as in
 

Figure 9. 

corrected for compensation irradiance (about 20
 
MJ/n 2), the following relations are valid for 20
 
MJ/m 2 < PAR < 230 MJ/m 2:
 

Y = (0.0089 ± 0.0003)(PAR-20) 
TDAIY= (0.0169 ± 0.(08))(14R-20) 

http:Compensoi.on
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corresponding respectively to thermodynamic options in Table 6 might be guided by the soil
efficiencies in using P.4 R of' 1.4 jj ± 0.1 for Yand classes defined in Fable 2. Thus, soils in Classes 1
2.6(7 ± 0.2 for 77).,I1' va!ues equal to those and 2, though ideal for rice, need drainage to
reported for mungbean in 1986 (Annual report for decrease salinity, and gypsum to lessen exchange
1986). able sodium. 

The positions of the various data along and Puddled (lass 3 soils include the soils of our 
iround the lines in Figures 9 and 10 can guide three IRRI experiments and of' Guimba, Santa
interp retat ions of the effects of weather and Rosa, and Victoria soils. They have few large pores
in anigenincn t, lhtis. P..t R. IPM)4 Y, and Y were through whicii air may enter to initiate cracking as 
gcencrilly higher in 1986 than in 1987 because of they begin drving. Cracks are therefore widely
higher rainifall (Table 6) For 1985, 11)41 Ydata spaced (about 20 C1 apart) with dense aggregates 
occur above, and Y data belo, , the respective in between, and further cracking occurs only after 
fitted lines. High T11)1 Ywa (Itie to rain, but Y drying to -3 MPa water potential, when plant
was not eorrespondinglv high because of insects available water in 0-30 cm would have evaporated.
and an early mlonsoon that forced premature Such soils, therefore, should benefit from deep
harvest. In 1987. conversely, TDA !'occurs below tillage that creates loot-exploitable fractures at
the line because of low rainfall, but Y valies are potentials less negative than -3 MPa. 
above the line because ofeflectivc pest control and Surface soils in Classes 4 and 5 may restructure 
dry weather that extended harvest. Crops AR (the themselves natu.'aliy during drying to give usable
8 points fart hest down each fitted line) generally seed /ones, and their subsoils may crack sufficiently
absorbed less PAR, and hence had lower TDM1 Y to help root proliferation. For Class 5, there may
and Y than crops AF. For 1986, the 3 points be reed to increase available-water-holding
ftarthest up each line were for AF conditions, capacity.
Effects of seeding delay are difficult to interpret Soils of Classes 6 and 7 are too permeable for 
because of interactions with AR-AF(Fig. 7,8), but wetland rice. 
deep tillage (T4, T5, T6) affected Yand TI)MA Vby Interactions of soil texture and wetland tillage
increasing the absorbed PAR (in compari,:on to with postrice tillage for maize and legumes
TO, TI) in all 3 yr, especially AR. (Agronomtv). This study examined how tillage

Ise of shallow groundwaier by legumes (Soils). history, water regime, and soil texture affect tillage
Alfter ha:vest of irrigated or raint'.d lowland rice at requirement for nonirrigated dryland crops after

Iti end of a wet season (WS), groundwater often 
 rice. In 1987 DS, maize (DMR Composite 1)and
 
remains at 0.5-1.0 n depth available to roots of a rnungbean (M350) were planted in three Central
 
norice )s crop. Conversely, if water tables are Luzon soils: 
 San Miguel sandy loam (Aeric

too shallow, ti y can depress growth of' nonrice Tropaquept), Maligaya clay loam (Vertic Tropa
crops. Greenhouse experiments examined the 
 quept),and Maligaya clay (Vertic Tropaquept). At
 
effects on legume production of groundwater 
 IRRI, maize was the test crop on two soils: Lipa
maintained at fixed depths, using 7.0-X 3.6-X 1.3- clay foarn and Maahas clay (Andaqueptic
 
m soil tanks with subsurface water inlets and Haplaquoll).

outlet:-, and with soil tilled to 10-cm depth and In Central Luzon, a severe drought resulted in
wetted to field capacity at seeding, but with no low maize yield. In Maligaya clay, maize and 
surlface irrigation thereafter. rnungbean gave zero yields because a very narrow

(irain yield fOr both IT82D-889 cowpea and s.oil moisture range for dry tillage resulted in zero 
CES ld-21 Inungbcan was maximal for watertable soil-moisture availability (Fig. I1).
depth (WTI)) maintained between 0.5 and 0.9 m, In coarse-textured San Miguel sandy loam and
and was 2W7, below maximal for WTD of 0.2 or Maligaya clay loam, crops were sown immediately
I.1 m. The findings thus (Ilantily the penalties of after rice harvest, thus enabling them to use the 
too shallow groundwater and the potential benefits stored soil moisture. Maize in these soils performed
of groundwater at 0.4-1.5 m depth. relatively better in previously untilled soil than in

Soil tests for choosing posirice tillage method previously tilled plots (Fig. 12), especially in San 
(Soils). Choice of postrice tillage method from Miguel sandy loam. 
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Available moisture (/) Groin yield (1/ho) 
20 020 I C) Zero ,lage 

15 LSZeo tllag Son Miguel sandy loom 

10 100:02SDI05 

.5'.
00 

3
)Bulk density (g/cm 

1409 

Mafigoya clayloom 

10 -- 0 

LSD 

06 

Penetrotion resistanice WMc) 

4 Zero tllage

1 Rotolfliir 

Deep planng 
3 01 

Zero tIoge Rotolinr9 Pl.',fin Shallow Thorough 

2 uLddling pudding
<[ Prev, o tila ge 

12. [lecl ot tillage on mai/e /,, I,.s I.. alter rice in 2 lowland 
soils in ('entral I.tuon, Philippin,:s, 1987 I)S. 

Sandy loom Clay oom Clay

(Bulocnn (Muligayn)
 

Grain yield (t/no)II. I flect o tillage lo the drvland crop Atter rice on seasonal 10
 
as croge pirotilc-osoalahic moiie Soil1hUlk densitv. and
 
penet rati on resistaince in 3 soils ii Central l.un, IPhililppines, 0 
 : Son Mrguelsondylom
 
198(7 D)S.
 

06
 
zero tillage 

01 RoloSDIo 

A va ila b le s ea s on a l p ro file m o is tu re wa s h ighes t 0 2 ... -o t ,L a 
i M aligava clay loam (Fig. 11). This allowed C ._ L 
higher yields for both crops than those in San 
MiguCl sandy loam (Fig. 12, 13). Similar mungbean 1 Moigyo clyloam 
Vield was obtained by plowing previously untilled 
or rototilled clay loan soil. In sandy loam, only 08 
plowing previously untilled plots produced sub- 06 . 
p!an;Kil rmigbean vield (Fig. 13). 

E.Iffects of rototilling for dryland crops on sol! 
physical parnnizees (Fig. II) were always similar 0 2 
to those of deep plowing. 0 

Zero tillage Rotohiling Plowing Shallow ThoroughAt I R R 1, in a nmoderately scvc DtS, tillage was puddling puddlingnot required t. alleviate soil physical constraints Previous tillage
for 11ail/c in permeiable m1edinurn-texttured soil like 13. l[ectot tiltg on lungban ignaradiaa .. after rice in 
.ipa cla' loam (Fig. 14). In Maahas clay, tillage 2lowland soils in Central l.u/on, Philippines, 1987 DS. 
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was not required for growing maize in previously WEAI HER AND IILLAGE INIERACTIONS FOR
 
rotdilled plots, but was needed in previously RAINFEI) IOWIANI) RILE
 
untilled plots. 
 Agroinomy' I)earintm 

Tillage effects on four lowland soils and rice 
Cao, y~ei,t/a)response to water balance (WB) (defined as the 

"Zeq I Ooe Cl y -- Cl o y o1	 difference between cumulative rainfall amount andRT'hI 	
m~l 

CIno evaporation) wereS.......J 	 studied in 1986 WS. The
objective was to understand factors that determine 

. ~ soil and plant responses to tillage in each produc-
C 	 . tion system. 

Five tillage treatments were I) zero tillage
V 	 (spraying ofgglphosate at I kg ai/ hat), 2) rototilling,

3) conventional animal plowing, 4) shallow 
puddling, and 5) thorough puddling. Soils were

I: 	 Maahas clay (Andaqueptic Haplaq'ioll), San 
Miguel sandy loam (Aeric Tropaquept), Maligaya

08 
'era 

i 
ill,JqtfPO 

# .. clay loam (Vertic Tropaquept), and Maligaya clayl'n :110¢e;rno :g !ow h0rotL~J(Jr
 

Dud,,ingpudding (Vertic Tropaquept). 
..V"*l'TVV :,)"Conventional animal plowing increased satura

1..[l c:c olthillage (it, nra c amariy .alter rice in 2 lowland ted hydraulic conductivity (Ks) in all four soils 
sois on the IRI larn. 1987 I )S. (Fig. 15). With 	high WB (>100 cm), increasing 

I-Soil penetraton resistance (MPo)O- Soil hydraulic conductivity 
I Bulk density (g/cm 3 

) -o (cm/d)
24 20 :0 5 	 400 12 	 8-0 

20 8 -- 40 	 ::0 10 60 

1 6 163 	 3 0 8. 	 40 

14-	 -06 66 	 -20 

08 o ,	 ,
-40 08 

04 0 2 20 	 2 -04 

ROTO
 

0WjE1fWCC,0 0 	 001
340 40 P320 Pu
350 T ROT 
 60 RO- SP 

o c 	 -- SP 80 	 360~3-0 ZT41100 ZT 380 - RT 

5 20 400 PL 
Moahas clay San Miguel sandy loam Maligaya clay loam Maligaya clay 

15. Ilect ol tilhageon soil physical properties and profilescasonal moisture regime in4 lowland rice soils, Philippines, 1986 WS. Zi=/cro tillage,ROI = rotolilling, 	 =PI.W = conventional ploss ing, Si = sthallow, puddling, PU thorough puddling. 
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Seasonal overage profile Table 8. Effect of tillage on grain yield of IR20 in 4 low
(0-45 cm depth) moisture stress (MPa) land soils. Philippines, 1986 WS. 

0 020T Grain yield (t/ha) 

0015' Maahas San Miguel Maligaya Maligaya 
clay sandy loam clqy loam clay 

0010 0 Machas 0ov 78 Zero tillage 4.31 a 1.23 b 1.22 a 3.12 a0 Son M~gueI
sandyloam 41 Rototilling 4.60 a 1.54 b 1.30 a 3.24 a 

IV7miigayo I 46 
0005layaMoo 215Conventional 4.31 a 1.54 b 1.20 a 3.31 a 

0005 Mogoy cloy 215 plowing
Shallow 4.86 a 2.04 a 1.35 a 4.44 a 

0 I - _I ___L__.j L L puddling 
0 50 100 150 200 50 100 150 200 250 Thorough 4.45 a 2.04 a 1.39 a 3.10 a 

puddling 
Soil hydraulc conductivity (cm/d) Water balance(cm) 

16. Effect of soil hydraulic conduactivity and water balance 
(WB) on seasonal moisture stress at 0-45 cm soil depth, 
Philippines, 1986 WS. WI3 = (rainfall) - (evaporation). 

Decreasing the hydraulic conductivity improved 
the profile moisture retention in San Miguel sandy 

tillage intensity decreased soil strength but did not loam (Fig. 16) but not in Maahas clay, which has a 
consistently affect the soil profile's seasonal matric shallow water table (<30 cm), or in soils with high 
water content. With low WB (<100 cm), con- WB. Tillage affected grain production only in 
ventional plowing achieved the most favorable soil sandy loam (Table 8), with we[ tillage treatments 
tilth, but this did not lead to higher yields, giving highest yields. 
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VARIETAL RESPONS'S TO CLIMATIC STRESSES IN 
IRT: I RIALS 

Ihm'rnational Rice Teving Program" 

lhc 1986-N7 multilocation trials of the Inter-/ 
national Rice roeting, identifiedProgram (IRl) 
se\eraI brcdhme line, and \atlice to!erant ol 
,arious. Climatic strcsc. Complete results are' 

puhliSlCd separately iII the M1nnul IRIP nrse'Srll 
rCport,,. Some ol the entries that performed well 
acrosslIoetions aalI Sarioull Strcsscs are as 
Iol los S://nc>-9 

*/)rooih,' tolerance 
FIron raitied M ahsuri, tRI 36 10-72-2-2E-P2, 
Iov, and nurseries KI)ML.65-GU-45, IR21064-48-2-tF-PI, 

KKN7205-39-3-SKN-t-I-I, RPI64-14
2-2, I R t1314943-2-P 1,1Rt 3610-72-2-2E-
P2 

F1-r11 upland 	 I R25588-7-3- 1,1R43, China 988, CR222
nurseries 	 MWIO, IRATI12, IACt(4, NDRIlb, 

N[)Rt17, CRI 15-5029-216. IAC233; 79, 
IRI8599-tu8-t, IR2307-247-2-2-3, 
IR25890-82-5-3, IR25898-57-2-3, 
KMP34, IR9761-40-3-2, KU82, 
Nt)R 102, N)R IIt N)R 118, NI)R80, 
Palghar 31-t-3, i t'R231-28-I-2 

* 	Suhbergece I R 18272-27-3-1-2-2. FR t3A, RTN 15-2
tolerance I-t-, BH2, RBI 1-461-1, BRI 1,BR 113

47-1-2-1-2, BR229-1-88, CN505-5-3-1 
I)udkatash, Tilakkachari, BR222-B-358, 
IR5857-4-I li-3 .lalatplaban,NC487-77 

" Low i'mperatunre .IKAIJ(K)450-126-10,.IKALJ(K)450-126-
tolerance 	 2, Ching shi 15 (Ace. 36852), 

JKAIJ(K)450-172-10. Z-Yah-Tsan (Acc. 
4648), Akivudaka, Suweon 303 

13R51-74-6 .11.a nediumli-duration entry 'ron 
Bangtladesh in the 1980 International Rice Rainf'ed 
Slhallo\\ Water Yield Nursery (I RRSWYN). 
showed good tolerance for salinity. Analysis of 
yields obtained over 9 sites indicated that it has 
giOod yield potential combined with stable per-
forllance ( Iig. I ). 

AGROH YI)ROI.OGY OF UIPLAND RICE AND 
LEGUMIES. AND SIMULATIONS OF STEM BORER 
)AMAGF BY I)ETII.I.ERING 

Soils and Entomologt, Departments 

"l'o)posequence water balance and yield of upland 
rice. For upland rice grown aloig a gently sloping 
Itill t)opocqLnecC. 1983-86 \ct season (WS) 

,x- lpcrmcentts determined tie conditionus under 
Ithih uptake of ,,hallo,,grounld ,.ater ca|n increase 

gro\\ tIi and yield. The 1986 and 1987 experiments 

wfj iha)
 
107-5-5-2 ,'
 

(b 1 -13) " 

I 	 BR51-7,/j 

(b=O9301, 

/ / 

-E~ 

Mahsun. 
bj- / 

/ 

0 	 -I 

(!/ho)EnvirolneLu/ l index 
1. Regression of yields of 5 selected varieties on site means 
(18 varieties, 9 sites), 6th IRRSWYN-Medium, 1986. 

also sought to evalte two numerical silations: 
|]PR ICE, for growth. yield, and x\'atel relations of 
uphad ricealonpatoposenCC: .,1ndUPRIPE,a
 

L 
variant of I R I( that predicts yield loss due to 
stem borers. )ata againist which to test UIPRIPI 
v-cre obtained in 1986 and 1987 by artificial 

detillering of chosen proportions of rice plants on 
desigiated plots at specific growth stages: inl 1986. 
dctillering\wasimechanical, and in 1987 mechanical 
and chemical (hcrbicidc injection) dctillerings were 
compared. 

Ixperiments in 1987 used the same field (Typic 
Hapludoll soil) and the samle rice variety (1R36) as 
in 1986. IFor tile agro'.Avd1olog' studies. the 1987 

experiment ileastired rice growth and \'ild at 5 
toposequencc elevations aiid hence at 5 water table 
regintes (Compared with 3 inl 1986): however, tile 2 

lo\\es.t elevations difered by a fcw centimeters 
only. as did the 2 highest (Table I ). The detillering 
Stu(dics were confined to IFle\ations IA and I B.so 
that eflects would not be confounded by variations 
in dept Ii to grindwitcr. Flcvations IA and IlB 

each comprised 9 plots, and tlie higher clc\ations 5 
replicate plots, all lCasurilg 9 X I I Il. Fo lesSCl 
soil erosion. vertical wooden boards were placed 
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Table 1. Relative elevation, soil moisture content (0-10 wis only 604i of the long-ternil mean (Table 2). in 
cm depth) at rice seeding, and upland IR36 total dry
matter ar.;' 'train yields, for 5 toposequence positions in consequene. w;ter td,3es at all elevations wereField U02 OlRl, 1987 WS. generall\ deeper than 0.8 in. and frequently deeperSoil T1tal Grai t .2 ll except during brief'periods followingPosition! Elevationa ol b d typhoons. Results from 1983-86 experimentselevation (cm) moisture dry matter yield
code (g/g) It/ha) (t/ha) pred icted that such \water tablcs 
 are too deep to 

IA 0 0.37 4.4 0.69 a':ct rice gthiwtIi. and the mllesurIlled 1987 total dry
1B 14 0.34 4.8 1.06 matter and grain yields (Table I) confirmcd this2 54 0.34 4.7 0.69 pred ict ion. Yield was low at [, Ic , atil on I A in part
3A 80 0.35 5.5 1.07
3B 97 0.36 5.3 1.06 
 hecause of seedling submergence, and at Elevation 

SE ±2 '0.01 tO.2 ±0.11 2 because ol shallower depth of fertile soil. 
aZero is defined as mean elevation for position IA. Average grain yield in 1987 wals only 1.0 t haa-b Mean /\ hall n a . hV. le ie 9 n t eof 5 eplicate plots at each elevation. CAverage of meas- considerahlv less titan the 2.9 and 2.6 t ha from theurements at 10 and 12 %,vk after seeding. sarme plits in 1985 and 1986. The harvest index in 

1987 was particularly low (maerige 0.14), and only 
367 ot grains were filled. I cal area index at 8 wkhlctkkccn and u[pslopc vlall plots. i)etillering was at aher seeding similary was smaller (2.4) in 1987

3Prowt h stilg, (n1xintlln tillering [MTJ. panicle than in 1985 (3.3) or 1986 (2.7) (all ± 0.2). The low
initiation I111. and grainillling [Gi-]), at 3 iltlen- growth, yield, and har\est index wvere die to the
sitics (0. 15. and 3011 of tillers destroyed). Detil- lack of railall: ricc plants wilted f'roi 88 DAS.
lering at ll \as bv two mielhods (citting by lut IR36 planted 2 wk e1irlier fin a supporting
scissor". and herhicide injection into the growing StlidV located between 1?le\ altions Il1and 2)yielded
ph01,1. 24± 0.I t ha.
 

I,:111d preparation consisted of I rolotilling and 2 
 Soil and crop data against which to test theharrowiags. with basal fertili/ationi at 60-30-30 kg I sinlati0n e recordedUPRICEI we throughout
NIK ha. and an additional 30 kg N ha as foliar thelgrowing season: initial seed-zoie moisture was 
urea sprayat MT (49 d after s;eedingI)ASIJ). lIR36 similar at all levations (Table I): soil rnoiSture atseeds \%crc so\n by hand oin 17 Jttl 1987 into variotis depths thereafter \aried in response to
furi'o\ws opeIed h\' a lithao. Plots were halid crop-water abstraction, rainflall, and water-table
\vceded ati 17, 32, and (0 )AS. and insects and litic0tiations. Values f'or absorhed photosynthetic

d&scascs were controlled hy approprialte sprays. irradiance were similar at all elvations 
 -although

Soil iand crop \ariables needed for the simtulations slightly higlier at elevations 3 and 4, probably

were Imonitored weekl or biweekly. 
 reflecting ntit tional rather than hydrological

Hydrologicaly, 1987 W7S was exceptiionally dry: Cati.es. The formtlation of' UPRICE was e.Xten
rainfaill of 5 ini or mote occtirred oil only 27 d. sively revised dtiring 1987 following intensive tests
 
and rain of 1 mm1ii or nore oil fewer thall half lhe 
 oft he model and its stilbroLtines, and a new version
 
prowihg scas' m days: total WS rainf'all (632 ini) becmnie operatimial at year's end.
 

lao!e 2. Hydrological features of 1983, 1984, 1985, 1986, and 1987 WSs. 

Season's Season's Season'sYear Crop season total rainfall no. of days of rain no. of days of rain 
(mm) >1mm >5mm 

1983 1 Jun-30 Scp 1158 64
1984 1 Jun-30 Sep 910 72 

39 
481985 1 Jul-31 Oct 1616 68 481986 18 Jul- 3 Nov 1689 73 551987 17 Jul- 30 Oct 632 49

1960-84 1 Jun-30 Sep 27
1034 67 42 
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Simulated stem borer dattage in upland rice. 
Measunrements in 1986 showed thalltR36 yield was 
barely afl;cted by mechonical detilleringit MT. 
For detillring ;itI'1or durirnL (1F. y1,ld-loss 
percentage waseqtual to the pecentag ( 15 or 30"* ) 
of tillers relovtd. Yield loss Line to artificial 
dctillcring was larger in 1987 than in 1986. 
Moeroer, for tiller etnttin,. yield-loss peceCltagCS 
%vCre similar to[ cuttinc at I I, PI, and (If-

lahle 3), and %.e e rl thant e p ientitCt 0_e 
tillers rclo\ted. lie etflects of (etillcrite ma\ ha c 
interacted xilh water stress. Ilerhicide injection 

injection. IRRI. 1987 WS. 

Method and time 

of dcioliation 

Cutting atmaximum tillering 
Cutting at panicle initiation 
Injection at panicle initiation 
Cutting at grain filling 

'Grain yield with no detillering 

Table 3. Decrease of upland IR36 grain yield resulting 
from detillering by mechanical cutting and by herbicide 

Giain yield decreasea for 
detillering intensity of 

15% 30% 
t/ha % t/ha % 

0.41 17 0.48 55 
0.39 44 0.47 53 
__b _b 0.79 90 

0.45 51 0.52 59 
= 0.88 ± 0,18 t/ha. bNot 

caused proportionatcly l reCr yield losses than.11 measured. 
tiller cuttin, nossihblI becLat(e the herbicide was 
transocated to nlotargct tillers. 

tP,(t)II I0N IIt:-FtSIIMM 
(()NI RW(I IN1':'i0 I) AN I) ,. 
\V1 I St ."(tN (R(0'I'I N( 

Sdi I)'partmnt 

.So()1t
IR()SI()N 
NII) I()WI \NI ) 

Soil erosion oil sloping lands calt be contiolled by 
conttr-planted hands of perennial grass such as 
fea/mict tnXa.vitaiU)Z such control is ncedcd for 
both upland rice and noricr crops. Alternalively. 
but at higher initial cost. nobtnhuded sloping land 
insuitable rainifall regimes can be protected if it is 
terraced, hunded. and puddlcd to0allow rainfed 
lowladt rice produnction. By' lessening rainfall 
runolf as well as soil erositn, grass bands and 
terrace buinds may also conserve rainfall where it 
falls, and thus increase the reserve of soil water 
available for crop production. Conversely. in wet 
seasons of high rainfall, impounded waler may 
injure or kill nonrice crops thtough submergence 
and waterlogging- and it div years, total rainfall 
and its distribution itay be initsufficient to allow 
puddling and transplanting, and rainfed lowland 
rice production is nil. Tlhe choice of crop and land 
maitagetnent that will give higher producti(n in a 
particular year will therefore depend on that year's 
W.S raitl'all pattern. A livclilood- and soil-
c0nservi ng strategy lor tie fiit ier ilnav therefore 
consist of parallel along-slope strips ec !and 
allocated amiong upland (nonbunded) rice, rainfed 
loxland (binded) rice. and (nonbunded) nonrice 
ClOps, hut wit I the nontbdcd land being protec-
ted by grass bands. 

A medium-tern cxperiment stared in 1987 on a 
20. hillslope of previously flo1npuddled loarn soil 
therelorc seeks to determinc, diring asuccession of 
wet seasons, what bcnelts of ntojsture conservation 
and crop prod fiction derive from the grass bands, 

and what the relative productions of upland rice, 
rainled lowland rice, and legumes are. The five 
treatments are rainfed lowland rice, upland rice 
lro'Jwn
with and without grass bands, and mung

beau. with and without grass bands. Within clch of 
4 replicate along-slope blo)cks of166 m length, each 
treatment occupies a strip 3.6 it wide, extending 
the whole block length. with each strip consisting 
offsix I i-m-long plots delimited at their sides by 
wooden boards and at their ends by bunds, grass 
strips, or marker strings, depending on treatment. 
Within each plot, soil variables, including depth to 
water table, and crop growth and yield are 
measured. 
In1987, the water table, was for all plots in this 

experiment, too deep to affect crop growth-+ as it 
was also in the previously reported study of water 
balance lot upland rice. But measurements of soil 
matric water showed that, throughout the crop 
season, plots with grass bands had a moisture 
content consistently higher than that of plots 
without bands, to the extent that within the 0
40 cm layer there was in the grass-banded strips an 
additional 10 rnnt of plant-available water Ia 
significant augmentation of that layer's available 
water-holding capacity of about 60 am, and of the 
rmot-z/,,,c water capacity of about 120 mam. 

Tis additional water generated numerical but 
nonsignilcant increases in upland rice and mung
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batn production (Table 4): ulnfor-tuna.tev, these Table 4. Grain yield and grain valuea from alternative up.
slight illcreses would to sone Lxtent be offlet.tile r y land crops and erosion control mpnagement practices,

IRRI, 1987 WS. 
production caused by i lte rtrop comfletilion in therows immediately next to the egrassstrips He Yield Estimatedvr rp Erosion control Yil Esmad 
the lieot MIln ext t g Stipst Hw00 Crop practice (/ha) grain valueha)

filei\;title pr111I'1C1111oduction1 (S/ha)(abhout S500( ha) _______________________________________\\a, sgnifit'ntl.\ 5 times Lriacr than lr upland Lowland rice Bunds 0 0
 
ic.!or\hich.vild I,)X 1 t . t ha I able 4) \as Uplond rice None 0.72 0.06 90


ailoV, :|, inl the pie\ iotlk reorted sater" blance 
 MungbeanUpland rice Grass bands 0.82 ± 0.06 100
 cxp, ruiet. (TIe iheld of ii'itfcrtiliCed IR36 on an Mungbean 
None 0.85 ± 0.03 510
Grass bands 0.87 ±0.03 520 

atd.i:CIu Iild that ,\ias l altd 7o earlier+\ a%s1.0 a 
0. It l )Mitrem\er. tile pattern of rai4lall at IR R I Assuring $0.12/kg for rice and $0.60/kg for mungbean. 
il 19X7 \\'S as in much of the llilippins \kas
 
Si[)lliejIent to aihsJs pidtdIiIl 
 and transplanting. so
 
pr)IdCth I
(rou1 the btuded rainlfed los land strips of field water-table' depth (WTID) thar w\as)Als /ero. But 19N7 VS \sis UtiUSlly di. and ill intended: the shallowest WTD achieved was 0.7 ininLuch s\'etter yars, Intngbeai nIty ha\c been in WS and 0.5 in in dry season (DS). Nonetheless,
deslriivcd, and best itllomc achic\ed (rot rairifed for WS upland I R36, plant height at matutity washu ld rice. constant for 0.7 in < WTD < 0.85 in andNatuiral \\,ater tlbles in 1987 \VS \%ere too deep decreased by 0.41" of ilittite height for each cll 
to afllft rice aind legumic produclion: however. dlat W'l) exceeded 0.85 in: yield, however,lhiallovret \all tables v\etc generatec d ill the field showed no such dependence on WTD. In )S.aind mainitined at a rMg2C of fixed deptIs using a 11821)-889 cowpea had a constant yield of 0.9 .novel syscin of12 parallel ditehc,. 15 I1l apart, \\ith 0.1 t ha f'or 0.5 in < WTD <0.71n and a yieldI ditch contilnuOush\, filled bh\\ater. tile other decrease of 0. I t ha for each 6  2 cm that WTD

coiijilluot.sly\ dralined at 2.0 In depth; crops \\ere .2xceeded 0.7 in: for ('ESId-21 and M79-13-60seeded it bel\\cen the ditches. into soil wetted to mungbean, yield was 1.1 + 0.1 t/'ha for 0.5 ni <fieltl calpacity. bIut ssith no subsetuItent surface WTl)<0.7in, anddecreased by0.1 t/haforeach
irrigation. [he s, stem generated a less useful range 10 ± 2 cin that WTI) exceeded 0.7 i. 
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DII.F-1RF\ II1 *\ 1 II(0N 01- MNt) RN his report presents an empirical test ol \%hether 

v..\RII IIlS ANI) I .\H )R MARKI lI \1SIMFNI the differential adoption ol'modern rice technology 
has induced interregional migration so as to 

The adoption of' modern rice technology. parti- equali/e regional wagce Income based on two sets 
cularlv modern varicties (NIMVs), isconstrained by of Philippine data. The first is mn c\tensive survey 
el ,iromucntal cdition., especially he degree of of 50 ,il'ages Ifrom representative produet iorn 
,,atcr control. As t result, the productiv\itY gap Cn ro0iir uIIltS. i.e.. irrigated. favorable rainfed, and 
betceen fa orablC anillnlfix\ Orable rice prod uction drought- and flood-prone rainfed arezis. elcolpas
envirnllmlents has x,idend throughout SoUth anld sing nOrthernl, centrall, iid SOulthern IAtOll and 
Soit lbcast Asia o\ er t lie last two dccades. I he fear P~anav Island (Fig. I ).Iwo or three interx iews were 
has been ,widel\ expressed that modern rice tech- conducted x it h a grottp of knowlcdgeable farmers 
nology has created large disparities ill the regional in each village to obtain data relating to dcmo
incomeldistribution, graphic factors, production cnixiroilcitl. tech-

In 1987. the Agricultural lonoiflics e)part- uologv, and output and input market charac
ieit organi/ed collaboratixe research anong teristics of each village in 1970. 1981, and 1986. 
se\cn Asian countriCs Philippines, Ilndoesia, The sCconLd set of data is based on an intensive 
Thailand, Bangladesh. India. Nepal, and China survey of 300 larm households and 96 landless 
to asses the distributional coInseqelnccs of the houscholds in 5 villages in Nuexa Iciji and Iloilo 
dill erential adopti;in of' modern rice technology Provinces. referring to 1985. "1wo ofthese villages 
across different production environments. The (Maragol in N Ecija and Pandan in Iloilo) areiueva 
research cotisidcrs the direct as well as the Indirect irrigated, allowing two rice crops a vear. The three 
effects of technical change on the well-being of others (Gabaldon inNueva Ecija. and Ri/al and 
both fLrm and landless households, particularly in Signe in Iloilo) are basically rainfed areas, with 
tile inlax orable areas bypassed by new technology. 

TVchlidogy affects tle farm populations income 
directly through its effects Oil prodIctiitV and PILIPPINES 

factor use, aniid indirectly through its eflects oil 

output and the labor, land, and credit markets. h e! 
ilt imate distributional impact t'iiodern rice NORTHERN 

technology will critically depend on the adjustment - UZON 

of the labor iiiarket, since labor istie most mobile 
prouLoction factor and tile main poduoction ,,, 

resuc oxsiicd bx\ t l di s 1u ,sscd conholds 
stitutine the poorest sement of tile rural - . 

r , V1 CENTRAL " 
popLikat ion. rvi LUZON 

It is hypothesied that, as new technology is' v 
adopted in irrigated areas, increased demand for 
labor will ildticc peimanent and seasonal nigra
lion fron unfavorable to favorable regions. ,SOUTHERN 

*' LUZON
reduci rig the interregional income disparity initially 

created by the differential ad opt ion of modern rice 
technology. It couMlI also increase the labor supply 0 

in favorable areas through greater participation bv 
women. or it could lead to the adoption of, . 

mechanical or other lahor-saving technologies. vO rUn,....b e ,Inferolnfd ° ] PANAYaObi Vj7.. ISLAND
 

While these labor market adjlistlments wIll tend to N 

Cqiali/e \agcs bet' ccr Iavorablc and unfavorable P0 
areas. tlie' ill haxe, diferenlt implications oil the 
le\el of wages and ,mplomvent, and o:i1 . imhjution ol Ne.anlple hs cnxilelntal condithus \illagNc, 
illcOllle (listl'lbultitH1. Ilhilippinc,,.Itin',. INXT.
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\a ii.zhSlawlrbcl\Itss lOr lice cirug. Iitic tt IsAnwd a! i ,oithcri I l/oil, where the rairfl'allto dlall (in dctclccirziphic Chauracteristics. data til patterlln i ul tivt thall ill nothhern and (C'ell(,l
ililir'la!i lll h illd IlirleC pItCt ns, iltll LVe. I tl/till.
 
S thdI. It.ltI 1i.0-N. ilIlitl ei ll(lh titl \ei' 
' aisci I h,. id Itilittl (t NI \,s l, itInCreases labor 
iiitdi.'.'I,+, d i. hiS,. irlt"'lltlit!I lhl d tllIl toIl ktS' t llll Ii\ tlISIe ' thc' laboir l I,1iCt ilti1t o 

Hit',i'it tiI iici. i t,ilc)SlclIc II hIkse ii-,,, tl \ \ii, tlll, SIW% iNol ~tt i.luct \ 'c't t1 ii 111 +l11tl,.L it' .lk~ plIit l2i otklciic'itici tliic it " hiti tiu.l 111, 11 IkiI\i itiisiiI\ l :iCt k ()il 1 \rtn SS, ceI (It I '+.-il i ilt I ) tIhMcih t1Ci, litli 1)iCati(C ocalAcCSec1i tilt lgtl, I'td tht, tf;IIi1tl;li I [it( lcshtine. OfIII r, thu lvieed-ilIC'l''aStll 2 \V ltCtllltII0 -.\ \\ai, lt~llti\\Ct+ 1) the 
t,iL'\ t l 111,1t0iJ'll i 01t I)('k\ ILAWt'L' ,t~tL.i I Ilil(.: aI+.Ol' tttll itl ' -1)lu ll i! liu,.chl llJc';,1lt chtnohogyv
1itlw t t,._ l h''+,,l Jutll:ial]I allolt Ill" l~lL. ltll1 1 llt,tor\ l i i ll l l;,mu i raiton illlt tllrcshltng, D ir.c't SC,,..'lng, 
(id I h lwh I li.ulim lds. o \tt'lsl c siE.S\ \ dacta ',\ilich si\,..s Alld6inC lsitr. isanother labor
picI ;,+cd i,ilriiad i li.ttiLr td \ , iatt.tu t edijcio- itpl- 'iclu tl IuIchitIOle.\ that has b cri gradually
i iaplilc'thiiiiictt';i,,tts. tc. clu int pitrtcduicct~i tad+ipt.d this pa"t d.c de. Ill tlle areas hts+l11
eti\ iitfietlit 0 ii,TIS ,'eh ltltht italket adiust- Ilitilo,diirtc sdcditnu ndid not rc.lede lcriiIlabor

it llt ph, .lll ii he i.,ICtllaltlti lhCCd1ii it \Si, ithic tCd ill cOtIjtlintiOl

)irect imipact uIit,, l'chllhg; OIlabor t,6i1h ,lhlrt-,.lai;itii NI\'s that enabled i ,. ittld(I fllil & uIp be 

Ith.-li i pacl Itk Ct' Ol 


\ A tCt H nxi, tI i iui-le l Nii ditsiln CitiI pll:ititd. But li Ill ll\ r allas ill I.Il/oll.
ti,',. lt.',cl0itl\ 1ralN labolr dirct sCeli ridilnld bicidcls Were adopted simply

ni ikcts ha1 tslIc',c', i , I'liliilit clICCtS ill Ihe to rcdtfce tletcost of hired lbor is i response to
,,tic'ttur nit tlit tcianci tiatl labu maiket,, rilges datiSu to rice prices.

Nitti,..ir icc liichiii\ Iit++_reiACaSe, lti
dt.latil l)ata IroMi the irt1CISi\C-surcyV Vill ages it1diate
lah(ci cliti' i thimitlh it', CICet i Ii Ittt)pin, that farmlts il ltavorable areas gfletr!llv eniploy
i Hittii ;id i)b(i, \ ~l itCltiieittitl cri lighIici 

I,chnw'l l htll IC Ci 


[l, IC, Clot. labor itIplUt per IIC taIc than;I those il
t'hI2,'ill t"(iiiirbitl,,ih tIt Itatt'r tutvocIablC alCas ill both WS and )S (lIable I).

laMiItultm;1i]I II tIl' itiIllCC Wt'CtIil. Ihtllgh I Ih is so despite tl e obscrvation that adoption ofI
iiCttirailV icc\\Ii lii.kacee2Clltt s.rap7id gr,\kth tacitos lor land preparalion, and isc olherbicides. 

Ill talil iilcti' 11Mll ll;i't" stil Irc\tll and btnh labor-rcplacii y technologies. are bighr
ml1tilil.1i Le'tIth ti 

inl 
- Citeil 1t1 tWtl .linom\V ii I s ald IloCS in thc less i'vorable 

beu'cLsli lhIbIlk c l .\lI)cilitill iL theI l ral s,,o'lr' alrCis. I lit' excCptiOIn is Signue, wherehc high labor 
are hi IcIii dMc i tlnsiecillstlirial goudcs.dicbit-i inlUi is Cxlal+iined't by the cotnlinuCd ise o1 dralt
NI tire', CI. heTI'NC lriC i, N Ctit cal a ccod., 

C'hcllt'l CL eu'lk',tlillie II(II tcr stpply \\ill 


\%s 'ce a;illils tt laud prtparation. Signc haits at illoull
%\i tailtoiis terrain that i -akesit \ery costly to

IvC'i hli ice cci icLiTi iWcti',e ic capital ind \ill tranlsport allachines across fields.
 
the'
laise.' ctiilpiC i 'c ii, 0tiiccltile couitry's l[i identiflv the inipact l , lic rice teehnology. ilahtIr-illiiiusi\, illdiitil 'tIcIO \i-i-\ is the te'st of hitr deiand equation in log-licar fori waslihc crl. iticreaitic tutu cinu7tp nllcltrl. etimniated econi e trically. Assmtin\tg wae s and

I le [ti);i CiuplulviicilIct iic'tClion efllfct tither pric.so asS1xoeoustl.S, ;arinl-ilel Iab)or input
itcdOrlit riceciicich g\ cicneS Irtii itseffec't ON Wasl assillumed ti depend otl tile real wcge rate,
cipp1ili inteit\ . .\Iiclerii IicC \arie.tics ha\C biological tc.hnology (irrigatio Vs),n and WI laborraisc'd the priitalbiliti (tl ilillilt_,ilts ill itrigatio n. icilcing teclintlogy (tractors. threshers. direct


lcading toi aclclated citistlriiciton nd reliahiliti-
 seedinl) latin s/c. seiaso, and LISe of hand.titll ol plubli,. irlicl.litn svteit,llis tuliplq, the late w.ediig th iri.ili. or~cc+idor ,'amna labor contract
 
I)001s aid vail\ 1)7 is ihii incicased the wtr llTaincitetits
 

yuriill(he I1)y
Sltll ld) dlV scasinl Iopih'r "ith Iablc 2 th" N high gohl(iness i lit fOr tietie ploiitc criic itiscnisi, i i ccl NI VS,. sshich trctssicll, illtadt'seFpaatelV b seasont aid hy
ctllsllcs p)litabiit\ih t otl )S cultli\atit . ricC ctlllhiiiillt sttis Ixccpt lir .\V s and
 
cipplitH itiiclsit, hi- ticrcsa 
 ,itice 170.)7( 1I lhiCshul, :ll th cctelicieits lirindependent
Nhicie ,elrMC lit' Cal ilitiltli it \ ccf lN i lti c it. \a iblhl cl lrslalisticall., silu iclait and haveLthe 
pissiflect rit M)tit rci*ps, 

the \\ctrice dtirilig CXpeCLCd sicils.lhC efl0t 1 MVS5 lnitt beseicint .(W) ill laittlel aleas. iitably inlIalla,, thistCf tllc tigitiishIe(li trh011 t111tl irrigation 

http:ml1tilil.1i
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Table 1. Labor (labor-days/ha) and modern technology 1%) used for activities classified by production environment, based 
on intensive surveys of 5 Philippine villages, 1985 WS and DS. 

Activity or technology 

Land preparation (d/ha) 

Farms %) using hand 

tractors
 

Crop establishment Id/ha) 

Farms (%) using direct 


seeding
 
Care of crops (d/ha) 

Using herbicide %) 

Using sagoda(%) 
Harvesting, threshing, and 

postharvest activities (d/ha) 
Using mechaical 

thresher %) 
Others (d/ha) 
All activities Id/ha) 

aLabor market arrangement 

harvest.
 

WS DS 

Favorable or semifavorable Unfavorable Favorable or semifavorable Unfavorable
 

Maragol Pandan Gabaldon Rizal Signe Maragol Pandan Gabaldon Rizal Signe
 

15 13 15 17 31 13 14 19 20 23 
93 92 78 38 0 92 94 58 5 0 

28 5 18 5 24 19 4 9 5 11 
21 84 50 97 52 70 84 83 95 73 

6 28 8 7 9 9 31 10 12 17 
81 84 61 75 20 83 93 92 79 14 

0 59 0 0 0 0 37 0 0 0 
37 35 36 31 27 33 28 37 23 25 

100 97 100 100 86 100 96 100 97 82 

1 5 2 2 1 3 2 3 0 3 
87 86 79 62 92 77 79 78 60 79 

that gives the right to harvest a field to workers willing to hand-weed for the same sharg of the 

because the two are highly correlated. Further-
more. farnis planting M Vs it rainfed areas have all 
adopted direct seeding so they can plant a second 

Table 2. Estimated elasticities of total labor demand 
based on intensive farm survey data from 5 Philippine 
villages, 1985.a 

Variable WS DS WS and DS 
Wage-price ratio -0.215 -0.153 -0.178 

(-4.890) (-3.471) * (-5.949) 
Irrigation 0.011 0.024 0.014 

(2.438)'* (2.991)' (3.589)1* 
Modern varieties -0.006 -0.011 -0.011 

(-0.613) (-0.722) (-0.386) 
Farm size 0.917 0.949 0,938 

(39.736) (33.057)* * (52.266) ' 
Thresher 0.004 0.020 0.013 

(0.285) (1.148) (1.163) 
Tractor -0.014 -0.012 -0.012 

(-2.8251'5 (-1.675) (-2.975)' 
Direct seeding -0.026 -0.037 -0.030 

(-5.867)'" (-6.106)' (-8.5811'. 
Sagod 0.015 0.037 0.024 

(1.862)' (3.594)'' (3.767)'' 
Season - - 0.077 

(2.598)'" 
Intercept 4.996 4.803 4.845 

(42.986)*" (33.330)'' (56.042)''
0.87 0.88 0.87 

n 294 211 505 

I-values are given in parentheses. " = significant at the 
1%level, = 5%. 

crop during DS.which may explain the negative, 
although insignificant, coefficient for MVs. If the 
variables have been expressed on an annual basis 
so that the effect of NI Vs on cropping intensity and 
Its indirect effect on irrigation investments have 
been taken ito accolnt, M Vn would have 

tobe It asi ntl positivedehfe 
undoubtedly had it signifcantly positive effect on 
employment. li any case, in these crop season level 
regressions, tite positive impact of MVs calt be 
gleaned from the coefficient for irrigation, which 
represents the combined effect of irrigation and 
MVs. 

Tractors atd direct seeding, as expected. have 
significantly negative effects oit employment. To 
tite extent that direct seeding and shorter duration 

MVs allow a secon( crop to be planted. then its 
impact on labor use on art annual basis should be 
highly positive In at least a few lcaions illthe 

Philippines. However, adoption of sntall threshers 
had apparently little effect on employment. This 
result, however, may be illusory rather than real, 

because nearly all falrt11s in the sample were alreadyf 
using thtreshters. 

Aside front a higher labor use per hectare in tle 
favorable villages, the type of labor. i.e., Famly or 
hired, also differed by production environment. 
Tite irrigated villages of Maragol and Pandan had 
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hihier proportions ")f hirCd lahor than the tin-
irrigated vilhiyes it NueVa le:ija and Iloilo,
respectively. in both the \VS and I)S (Iable 3). This 
Could be dlie to higher returns to alternative 

clployllett opporttiniCis f,0i faunilv lahor. family 

hlor constraint at peak periods, and the positixe 

illcoll cfeet geutratted h)\ the liIgher incomle of 

lfall househholds. le rclati cl hiLh'l proportion of 

hired labor in htorable lleIlas ilicts greater

iiClue lnd eu)IploY1ent of)portunitiei[s, which Illay 

enable iniirait \orkers fron unfavorahle areas to 

capture pit t of the income gaitis accruinu2 to the 

fax orahle areas. 


I )emograplhic effects of modern rice technolog. 

Ilavc the belnefits from incrca;ed demiiand for labor 

in rie and the nonfarm sector through indirect 
growt Ihlikage elfects ii Iavorahle are:as been 
shared xxith the popuhlato in urLnfx\ orabIe are-as? 
II t le folhoxx illg sections. \,,c attCipt to answCr tlil Is 
ItLICstIMI v\ani h ethertornt td.ptiot f

nIlderl rice technIot,.y has induced tmigration of 
labor frotm iimfavo le are:is I",.vpa.,sed hx technical 
change to regions sith faxorahlc prodLction 
eivironienlits. 

Data ol miuigration rate., were difficult to obtain, 
We thereore explored tie extent by which dif-
fcrential adoption of' modern rice technology has 

aTable 3. Composition of labor use (labor-days/ha) based on an 

Favorable 

Activity Maragol Pandan 

Family Hired Family Hired 

brouglit about differential growth in popultio 
and man-land ratios across different productiR0u
elnvirollllellts so as to equalize tlh, wage rate oxer 
tile. The analysis implicitly assunes that dif
lerelies In rate and dircction (d iaigrtin largly 
accoTunt for differn'tces in poptlation growth and 
malln-land ratio. 

/:\ Iiivx 'S1'oi,. lI\teisi*esurv dataitidicate 
a similar relationship alling,adoption of %1Vs. 
production elnvirontilent. and adopliol of lahor
replacing technologies is in the InteII'Ve-sI'Vey 
villages reporlted ill the pI'ViosLI sectiton aInd ill tle 
Annual report for 19X6. Adoption of MVs (Table 
4) \\,;I rapid in botlh the irrigated areai and 
la,.oraible rainfcd areas, suggesting! that file dcgree
Of water control during WS is not significantly 
different between the two areas. In contrast, the 
adoption of NIVs in tle unfavorable rainfled area 
characteri/ed b\, -siovere flood- or drolught-prone 
conditions was siow and much less comnplete.
Among the areairrigated villages, the irrigated 
acctnted I'or only 58(' of the total area in 1970. 
but almost 10(' in 1986, confirming that the 
mnassix e investments in irrigation Were made dunring 
the 19 7t0s. A small portion ofl the total area in the 
rainfed area was irrigated by pumps and natural 
creeks. 

intensive survey af 5 Philippina villages, 1985 WS and OS. 

Semifa3vorab!c Unfavorable 

Gabaldon Rizal Signe 

Family Hired Family Hired Family Hired 

Land preparation 
Crop establishment 
Crop care 
Harnesting, thres' ing, 

and post harver.
Others 
All activities 
Percent of total labor 

11 
5 
6 
8 

1 
30 

(34) 

4 
24 

1 
29 

0 
;8 

(66) 

3 
1 
6 
3 

5 
18 

(20) 

Wet season
10 

4 
22 
32 

0 
68 
(80) 

12 
4 
8 

10 

2 
36 
(46) 

3 
14 

0 
26 

0 
43 
(54) 

10 
1 
5 
4 

1 
21 
(34) 

7 
4 
2 

27 

0 
40 
(66) 

28 
16 
8 
4 

1 
57 

(62) 

3 
9 
0 

23 

0 
35 

(38) 

Land pieparation 
Crop establishment 
Crop care 
Harvesting, threshing, 

and postharvest
Others 
All activities 
Percent of total labor 

7 
4 
7 
3 

3 
24 

(33) 

3 
15 
2 

29 

0 
49 

(67) 

4 
1 
6 
2 

2 
15 

(19) 

Dry eason
10 

2 
25 
27 

0 
64 

(81) 

17 
3 
8 
7 

3 
38 
(53) 

2 
1 
2 

30 

0 
35 

(47) 

12 
2 
9 
4 

0 
27 

(45) 

7 
3 
4 

19 

0 
33 

(55) 

23 
6 

17 
5 

3 
54 
(69) 

1 
4 
0 

20 

0 
25 

(31) 
aFamily labor includes exchange labor at all sites. 
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Table 4. Changes in adoption of modern rice technology 
by production environment based on an extensive survey
of 50 Philippine villages.a 

Parameter Irrigated Favorable Unfavorable 
rainfed rainfed 

Sample size (no.) 17 17 16 
Irrigation ll 

1970 58 4 1 
1980 84 7 2 
1986 97 8 2 

Modern varieties (%) 
1970 38 29 16 
1980 89 95 41 
1986 97 98 40 

Tractor %) 
1970 37 24 8 
1980 63 43 39 
1986 76 56 38 

Thresher (%) 
1970 28 37 30 
1980 66 75 62 
1986 93 95 86 

Direct seeding (%)
1970 2 3 27 
1980 24 33 22 
1986 33 51 19 

aExcept for irrigation, data refer to WS. 

Table 5 shows the pattern of population growth 
across production periods since 1970 and its 
impact on the population density. During 1970-80, 
when MVs were rapidly disseminated and invest-
ments in irrigation accelerated, the population 
growth rat, was highest in the irrigated area 
(implying net in-migration) and lowest in the 
unfavorable rainfed area (implying net out
migration). For 1980-86, when MV technology 
adoption had largely tapered off, the average 
population growth rates among the three produc-
tion environments became much more similar, 
Reflecting the differential population growth rates, 
man-land ratio increased most rapidly in the 
irrigated area and least rapidly in the unfavorable 
rainfed area, suggesting the significant effects of 
technology factors on demographic change. 

The land reform program, which prohibits the 
transaction of a tenancy title to "protect" the 
tenancy right, has been widely implemented in 
irrigated and favorable rainled areas. This policy 
has prevented the downward ad.justment in farm 
size in favorable areas which could have been 
induced by in-migration of farm population from 
unfavorable areas as evidenced by the similarity in 

Table 5. Population growth rate, man-land ratio, and ratio 
of landless households by produotion environment based 
on an extensive survey of 50 Philippine villages. 

Parameter Irrigated Favorable Unfavorable 
rainfed rainfed 

Average annual popul
ation growth rate I%) 

1970-80 2.89 2.03 1.07 
1980-86 1.67 1.63 2.14 
1970-86 2.45 1.90 1.46 

Man-land ratio 
(persons/ha) 

1970 4.26 4.01 3.66 
1980 5.59 4.93 4.08 
1986 6.29 5.13 4.70 

farm size among the three production environ
ments. Indeed, in the intensive survey, farm size 
was even smaller in the unfavorable area, where 

implementation of land reform has been weaker. 
Because of population pressure and the general
contraction of the Philippine economy, reverse 

migration from the lowlands to the unfavorable 
upland areas has been reported in migration 
studies based on national census data. Table 5also 
shows a higher population growth rate in the 
unfavorable rainfed area in the 1980s in contrast to 
the 1970s. 

To identify the impact of new technology on 
demographic changes, the following regression 
equation was estimated: 

AMLR a,, + :, a, A Xi 

where AMIR is a change in man-land ratio 
between two points in time, a's are regression 
coelicients, and AX's are corresponding changes 
in the adoption rates of technologies. 

This above equation was estimated separately 
for 1970-80 and 1980-86. Besides the technology 
variables, three rerional dummies in addition to 
the man-land ratio in the initial year were included 
in ihe' regression to control possible effects of 
vario,; nontechnology factors. Furthermore, to 
check the robustness of the estimation results, a 
population growth rate equation using the same set 
of independent variables was estimated. 

Table 6 presents the results of the estimtion. As 
expected, the fit of the regression equation is better 
for 1970-80 than for 1980-86, because technology 
was more stagnant in the latter period. It is 
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Table 6. Regression coefficients for changes in man-land Table 7. Regression coefficients for factors affecting manratio and population growth rate based on an extensive land ratio, based on an intnnsive survey of 5 Philippinesurvey of 50 Philippine villages, 1970-80 and 1980-86.a villages from 1960 to 19 85 .
a 

Changes in man-land Av annual population MV 0.010*Variableb ratio (persons/ha) growth rates (%) (1.929) 
IRR 0.010*1970-80 19t30436 1970-80 1980-86 (1.425)
TRACT -0.007MLR .23* .09 .02 -. 13 (-0.563)

(5.68) (1.43) (.26) (-.74) THRESH -0.017*AMV .45* 1.24* '99* 3.98 * * (-1.856)
(1,77) (1.99) (1.92) (2.42) DS 0.029**4, IRR .89" -. 10 2.56* .29 (3.275)
(3.04) (-.12) (4.31) (.13) FAV 


A TRACT -. 09 .54 
 2.955**-. 40 .94 (3.816)
(-.34) (.87) (-.72) (.57) INQTY
THRESH .02 
 -0.047**.06 .22 1.12 (-4.232) 

R 2(.08) (.15) (.45) (1.01) 0.91
A DS .84" -. 49 1.39* -2.06
 
(2.45) (-.72) 

R 2 
(2.02) (-1.15) at-values are in parentheses. = significant at the 1%.61 .33 .52 .37 level, 5%. 

dt-values are in parentheses. - significant at the 1%
 
level, * = 5%. All technology adoption variables are ex
pressed in terms of ratios, which fall between zero and survey, the variables here wcre not specified inunity. 1Three regional dummies are also included in the terms of first differences of values, to have more 
regression bMLR = man-land ratio in initial year; nMV = degrees offreedom.
adoption rate of modern varieties in 1980 for 1970-80 gree s ifdoftregression and change in adoption rates between 1980 Tabl 7 shows a highly significant fit of theand 1986 for 1980-86 regression; z, IRP = change in equation to the data (R2 =O.91). Coefficients forratios of irrigated areas; nTRACT = change in tractor MVs and irrigation are positive and statistically
adoption rates; A THRESH = change in thresher adoption

rates; A DS = change in adoption rates of direct scedinn significant. Both tractors and threshers 
 have 

negative signs, as may be expected from labor
replacing technology. However, the man-land ratioremarkable that coefficients for MVs arc signif- does not appear to be significantly affected by

icantly positive in all equations. Coefficients tractors, because tractors tend to be wideiy used in 
mr. AIRlR arc significant only for the 1970-80 villages where the cropping intensity is higher. The

regression, because the irrigated area expanded in positive coefficient for direct seeding also reflects
only three locations for 1980-86. MV adoption and the observation that, in our sample villages,

the cotnstLCtiol of irigation facilities clearly 
 particularly in Iloilo, direct seeding and cropping

attracted the migration flow to favorable areas 
 intensity were positively correlated. Villages where

in the 1970s. There appears little indication, land ownership is unequally distributed tended to

however, that changes in 
 mechanical technology be less densely populated. This implies
and direct seeding affected the demographic migration 

that 
is hindered by land regulations prechange signilicantly' venting changes in size of farm ownership or farm 

Inm'nsivesurvev. A similar analysis was conduc- operation.
ted using the intensive survey data that provided 25 Factors affecting regional wage differentials.
observations from 5 villages for 5-yr intervals Although demographic changes are observed to bebetween 1960 and 1985. Pooling these time-series consistent with the hypothesis of interregional
cross-section data, the man-land ratio was specified labor market adjustments, the extent to which such 
as a linear function of irrigation, M Vs, adoption of adjustments have contributed to the equalization
labor-replacing technology(i.e., tractors, threshers, of wage income canl be explored only by an analysis
and direct seeding), an index of inequality of of the regional wage differential. In theory, the
distribution of land ownership, and a dummy wage differential between areas can be easily
variable indicating favorableness to rice growing. shown to reflect the costs of migrat ion if the labor
In contrast to the analysis based on the extensive market adjustments are perfect; there is no 
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expected association a priori hetween the tech-
nioloey and wagc rates if'cross-sectionally the 
"perlfct" laboi market hypothesis is cnpirically 
acceptallc. Ilicrelorc. as a null! bypothesis, we 
post ilat, no , els on w, ,.agetechc oli_! C dit fe-

re_'ntials against the altcinative. hypothesis that the 

adopicin rateh of MVs and the ratio of irrigated 

a:c:a,.allecc ,Iage ratc positiciv. whereas tihe 

liacIor dirctI seediU, and thres,her have negatiVe 

UleCt, oI %\qI talci. 


lahIc COIpAICs daily wagcs of various 

aiii itics, ict,ith dailyhbllock rt.lal and
toluc 

thitlr tenital rate. lBccausc the geographical 

mohility of the bullock is lo., \\c hvpothesize that 

it,, v, hc determined b.\loca' supply and,ental ill 
demand conditions. finlike tileulloc(, the 
thre.shlr is iobli, so that the dticrni at[ln of its 
cnial ise'peccd i h larg.ly frec from local 

market ci MtitOns. 

ilhrcshcr crital rates and daily wagcs, except tIle 
lransplantine va.gc, v,hich is lowest in the mllost 
la\ orable ic,ic arel .,'lr iroti-siCillr across en 
neits. In contrast, tile ddaily bullock rental is 
highest in the most Iavorable area. Note also that 

Table 8. Daily wage, daily bullock rental, and thresher 
rental raes by rice production environment, based on an 
extensive survey of 50 Philippine villages, 1986 INS. 

Activity 
Irrigated 

Land preparation with 
bullock (f/d)

Daily wage 35.5 
Daily rental of 31.8 
bullocka 

Transplanting (R/d)
Daily wage 22.1 
Imputed wageb 25.8 

Harvesting (lld) 
Daily wage 25.0 
Imputed wage b 53.7 

Threshing 

Imputed wage 53.7 


(P/d)
b
 

Rental rate of 9.7 
thresher 
(P/100 kg) 


Rate 


Favorable Unfavorable 
rainfed 

34.6 
23.5 

24.8 
21.4 

25.0 

56.8 

55.8 


9.8 


rainfed 

33.8 
26.1 

29.2 

34.8 

49.6 

49.5 


9.9 

Rental without bullock operator. bTotal wage payment 
divided by work-days under piece rate contract. 

imputed wages under piece ra te contracts tend to 
he higher than the crresponding daily wages. This 
is consistent with the thcorv of contracts, which 
argues that dai l wage \workers arc less ni0livated 
and less able. 

Istinmtion results of \U,,age and rental regres
sions, ".\hich can he regarded as the reduced form 
relation between technology shiflters and wage or 
rental rates, are shown in tahle 9. No technology 
viriabh_ has aIt' signilicalit COeftiicint for wagc 
and thresher rertlal regress ins (except tile MV 
variahle iIItransplant ing, of which thecoCfficienti Is 
negative), suggesting that the wage and thresher 
rental rrtes are largely qiiah/cd between favorahle 
and unfavorable Cn\vironments. For bullock rental, 
although the MV variable has no significant eflect, 
the irrigation variable is highly significant. The 'acl 
that the wage rates arc ,qual icd but tile bullock 
rentals arc higher in irrigited areas strongly 
supports the hypothesis that tile tractor isadopted 
more widCl in irrigated areas not bccause wagc 
rates are relatively higher but because the bil lock is 
more expensive due to the lack of grazing land. 

The negative coefficilent for the MV variable ill 
the transplatiting equation does inot imply that tile 
adoption of* MVs per st:affects wage rates 
negatively. We have observed that illthe tInfiavor
able environm111ent where traditional varieties are 

still grow n. niany larm ers tenid to Itrnsplant on the 

same day ililed iatch,after rain, because of poor 
water control. Therefore, the demand for trails

planters will have a higher peak in unfavorable 
areas. Migrants, however, will not come, because 
transplanting date, are unpredictable. ItnanV case, 

there is no Indication that wage rates are higher in 
nore favorable areas because of the higher adop
tioli modern rice technology.off 


Characteristics of landless households. Labor 
market ,djusticnts induced by a differential rate 

o1 technoilogy adoption Willirsult ill a higher ratio 
of landless households ilifavorable areas. This has 
been observed both inthe extensive and intensive 
suirvev database (Table I0). I Iand ref'o rm regula
tions were not in place, as poinited out in tle 

previous section, migrants from unfa'vorable areas 
could have been employed as share-tenants, 
reducing ax'erage farm size in favorable areas 

ratherlthall increasing the ratio of landless house
holds. Examination of the characteristics of the 
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Table 9. Regression coefficients for wage rates of major rice production activities, daily bu fick rentals, and thresher rentalrates, based on an extensive survey of 50 Philippine villages, 1986 VVS.'a 

Wage (P/d) 


5%. The following variables are also included in the regres. 

Bullock Re tal rate 
Variable Land Transplanting F irvesting Threshing daily rental of thresher 

preparation (P/d) (11/100 kg) 

MV 

IRH 

TRACT 

1.97 
(.50) 
3.14 

(.95) 
-1.30 

-6.77 
(-1.88) 

-. 93 
(-.43) 

-

7.40 
(1.18) 
-2.38 
(-.59) 

-. 03 
(-.04) 
1.52 
(.37) 

-3.32 
(-1.06) 

7.63* * 
(2.87) 
-5.47 

(.31) 
-. 17 

(-.40) 

DS 
(-.28) 

- -1.24 -
(-1.48) 

_ 

THRESH (-.35) 
- 1.62 - -. 68 

.63 .29 .61 
(.21) 
.22 .79 

(-.71) 
.72 

a -values are in parentheses. significant at the 1% level,
sion: average farin size, price of rice, distance from Manila, piece rate contract dummy, dnd three regional dummies. 

Table 10. Landless households 1%)by rice production en-

vironment in the Philippino .
 

Environment Fxtensivea 
Intensiveb 

survey 
 survey 


Irrigated 31 31 

Fdvoi, *,le rainled 18 
 28 

Unfavorable 
 15 15 


aCovered 50 villages,Covered 5 villages. 

landless households based on the intensixC survey 

LlirIliriils (ill h'potllcsis rcairding 
iabor market 

adj ustiene. s. 


tIableI I indicats that incelases in11the denand 

for labor inliaorahle \illagsc including (abaldon 

altraicid landless workers even from distant areas., 


Table 11. Landless household heads (no.) by place of origin.a 

Favorable 
Place of origin 

Maragol Pandan 

Within the village 22 20 
(39) (35)From the same province 15 23 
(26) (40)From other provinces 20 14 
(35) (25) 

Total 57 57 

T tj- ill parentheseswus are percentages. 

most of the household Icads 11these villages %%el.born inother xillages. t.iw ns, and cevetn pr l inces. 
IIContrast, ill the Wnfaxole isingleareas, not 
persoln was born illanolher province. theref'orc, 
tIeigoteI populIation prCssure inlavorable v'illages
isdle to ill-nigration rather than to diffecrenccs in 
Ill'tl popLlatioll growl h. 

Most 0' thC household Iieads In the f'avorable 
i lhges arri'Ved be.'fore 1O0, whereas n' the 

unloavoahlb ateas i:n of thein migrated during
the ear' 19X0s (Table 12). '1he arrival of most 
household (leads oi Ctrled itch earlier in(abal
don, which is a reltwveh old setIlement. Although 
it is geiterallv arainled 'illage with about 16% of its 
piesent area being supported by irrigation pumps, 
lew technologies were adopted at least partially in 

Semifavorable Unfavorable 

Gabaldon Rizal Signe 

14 12 5 
(29) 
16 

(52) 
11 

(46) 
12 

(33) 
18 

(48) 
0 

(54) 
0 

(38) (0) (0) 
48 23 17 
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Table 12. Migrant household heads (no.) by in-migration period.a 

Favorable 
Perind 

Maragol Pandan 

Semifavorable 

Gabaldon 

Unfavorable 

Rizal Signe 

Before 1940 9 
(17) 

1940-45 1 
(2) 

1946-50 2 
(4) 

1951-55 2 
(4) 

1956-60 0 

1961-65 3 

1966-70 
(6) 
6 

(11) 
1971-75 12 

(22) 
1976-80 7 

(13) 
1981-85 12 

(22) 

Total 54 

aFigures in parentheses are percentages. 

the late 1960s. In Maragol and Pandan. the peak of 
in-migration among household heads occurred 
later than inGabaldon, viz., during the 1970s. In 
Maragol, this period coincided with the rapid 
adoption of MVs after the I ipper IPampanga River 
Irrigation System was made operational in 1974. 
Also, MVs were rapidly introduced in Pandan in 
this period. In unfavorable areas, the migrant 
landless laborers not only were veiy few but also 
arrived much later, after the modern technologies 
had been partially adopted. 

Technical change induces labor migration. The 
analysis thus far suggests that differential technical 
change across production environments induces 

5 12 2 1 
(110) (25) (14) (11) 

0 2 0 0 
(4) 

1 1 0 0 
(2) (2) 
1 2 0 0 

(2) (4) 
5 1 0 0 

(10) (2) 
1 2 1 0 
(2) 
6 

(4)
10 

(7)
1 2 

(12) (21) (7) (22) 
10 4 1 0 

(20) (8) (7) 
14 4 3 1 

(28) (8) (21) (11) 
7 10 6 5 

(14) (21) (43) (56) 

50 48 14 9 

permanent and seasonal labor migration, that 
tends to equalize wages region:lly. Benefits from 
technical change in favorable areas will be shared 
at least in part with the population from the 
unfavorable ai eas. The extent to which benefits are 
shared among regions depends crucially on the 
factor bias (whether labor-using or saving) of the 
new technology and equally on the operation of 
rural factor markets. Further research is being 
conducted on land and product market adjust
ments to complete our understanding of the 
distributional consequences of differential adop
tion of new technology in rice. 
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IHYIROIOGY IN RAINFI) RICZE-GROWIN6 
I.,\NI)1RIMS 

Alultiph' (ro/)pi, Department 

We analvicd the hydrological dynamics of' nine 
rainlCi rice-growing areas inI the ('agaVan Valley of 
1or1hcrn lu/on, Philippines, dutring -1986-87. We 

related the variation in hydrology actcross and 
within landlorills to f'armiler rice priduction prac-
ices and to ricC varietal prfloi'llcMe. We 1ni..i-
tred the surlaco hydrolot'y of 45 intensive dati 
plots (II )Ps) in the ) areas located in 5 diffeient 
landlornis Ilie I)s were identified along trall-
scts of the iprevailing toposCeqcitiCCs in each 
lidlori. We used 20-, 40-. and ln-cm thes for 
21tliltd\\+iter ij11u1ilt1iing, Mid depth caitlgces folr 
sijif le \\%iaiCdiS trciiints. 

IlndflrI units. auind form units were recent 
river tcieriaces (R Is) (3d level), alluvial terraces 
(A Ist, allui al fans (AFs). interhill miniplains 
(Ill's). ;itid inciIILives (I Fs), conprising 95"( of the 

Tr. 

Brood Iondforms 

River 

Mouva pljor 

minor 
alluvial areas 

Hils rindmountains', 

. , 

' 'i 

176,000 ha in the alluvial land system of the 
Cagayan Valley. They differ in rnicrotopography 

and soil-related characters. Sites are within a 30
kil radius in 4 municipalitics (Fig. I). T1w I aion 
Iato landlfornm Unit is shown IinFigure 2. 

Htydrology. SLurace hydrology varied widely 
anong landl orns. -igture 3 gives the hydrographs 
for two sites oil all A], wherc only traditional 
var'ieties (TVS) arC gr'(lown. I )uriing irainless periods 
the suriwatC \er level dropped rapidly. No perched 
watcr tahle was observed in the plow layer, because 
the frlee water level was tlStlallk deeper than 20 cil 
belo"x the soil surface even with standing water. 
Whii surfatce water drained, grotidwater level 
receded rapidly. Subsiantial rainfalll was required 
folislrfilce flooding after a (ih period. 

Ill colltist, the sirl-ac, hydrology on an IP 
Fig. 4) favored rice. The Slr'faC water level 

fluctuated between 5 and 20 cin throuehout tile 
entire rice cycle. Modern \arieties (MVs) are 

1lrowil. 

U..-Ln; .r -nn 

•Penigue ' 

on Alto
 

U U R A oLrio ,.I ~'TUGUEGARAO * j BLANCAPN 

j 
, 

I.- liet Illnle'd l\kllnd le',cal ii ll l.i ill (,aii1 l;i1.illillhciln I'll/olll, Phliliplpines, l1980. 
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Swamp on 
Alluvial terrace river scar 

Hills Recent river 
terraces 

L~~~bog~ ". '". . - .;
.J ...,e
 

"g " "River 'a, 

1N 

2. I.andform features of larion Bajo, C.gayan, Philippines, 1986-87. 

Surface water retention. We developed a surface crop cvapotranspiration, and S&P is seepage andwater retention index (SWRI) to express the time percolation (mm/d). SWRI ranged from 2.8 d inthat a 50-ni water depth remains on the ricefielM AlFs to 5.8 d in ATs. These values reflect S&P ratessurface. SWR I = 50 mm (S&P + ET). where F.T is of 13.9 and 4.6 mm/d, respectively, assuming an 
average ET of 4.00 mm/d in the growing season 
(.July-December 1986). Farmers can crudely esti-

Depth (cm) Rainfall (mm) mate SWRI for their ricelands, but expressing 
HiHghI High 1]20 water retention irn S&P units requires calculation.

Hroundwater2 G table. Rainfed rice needs a waterTBgwa/1O table that remains within the root zone during lowwq - 80 rainfall periods. In mnst landfurms, however, the
GO level readily dups below 40 cm as surface soil
 

s R,,ce wterdeprh, 40 becomes unsaturated (moist). At the IP and AF

40 20 sites, the water table 
 was maintained near the 

C40 ,.- ,, *VN %0.. c 0 
40 ' .,--,..... 40cm 

80 .. ... 60Ocm Depth (cmr) Rdinfoll (mm) 
I I Talingonay 120 

100 
Low 


1RP36 F2 
 cr, so40 -Sai surface 
0 60

Rocetekjwater~20 cm,~ii 80r depth 4080cm40240 
80 N >--40cm 

00m 

Jul Aug Sep Oct Nov Dec dan Feb 40 80cm 
3. Hydrographs of 2 ric' fields at high and low microtopo- 80 J A I N Dgraphic positions in a recent river terraci, Larion Bajo, Jul Aug Sep Oct Nov Dec Jon FebCagayan, Philippines. 1986-87 WS. SB = seedbed, TP 4. Hydrograph of a ricefield in antransplanting, F = flowering, H = harvest. interhill miniplain in

Talinganay, Tuao, Cagayan, Philippines, 1986-87 WS. 
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surface longer because of interflow from the Cumulative iming () 

adjoining catchment. 100, 
The groundwater level dropped 3.7-6.8 cm/d And

nganoy8 r hay
following a rainless period. ATs lose groundwater 

level faster than other landforms. 
TVharvest

Cultivar choice by landform. MV adoption Trns-


from 0 to OHarvesrng-_
differed among landforms, ranging Tr 

I001-j. TVs included Wagwag, Bensir, and Ramisid 40 

(Ranlsi). They are pliotoperiod sensitive, with 
MVharverelatively low yield potential, but are highly tolerant 20 

of late transplanting, drought, and flood. MV 
0 

adoption was low in ATs (0 and 20%), IFs (7 and Jul Aug Sep Oct Nov Dec Jon Feb 

15%), and recent Ris (7 and 16%), but uniformly 5.Cumulative timing cf transplanting and harvesting across 

high in AFs (87 and 90%). locatio is,Cagayan, Philippines, 1986 WS. MV = modem 

= traditional variety.
Timing of crop operations. Land was prepared variety. TV 

and rice transplanted in.luly and August 1986 in all 

landforms (Fig. 5). Transplanting was earliest on 
Level land ideal for cultivation is limited. Onlyrecent RTs (Andarayan and Larion Bajo) and 

ATs. and latest on the AFs and APs (Talinganay), 730 ha (10%) have 0-3% slopes. At the other 

with a gap of 30 d. Farms with more favorable extreme, 2,938 ha (40%) are steep and very steep 

hydrology had earlier soil submergence, but there (>30W'; slope), corresponding to hills and escarp

was less urgency to transplant early in those 	 ments along rivers and other waterways. The 

remaining 50% is gently undulating to moderatelylandforms. 
Landfortn analysis can predict the fitof rainfed steep. 

rice technologies at sites with problem hydrologies. The site lacks contiguous areas with uniform 
dissection, es-Field agronomists lacking training in geo- slopes because of intense stream 

or soil survey methods can learn to pecially toward higher elevations in the northeast.morphology 
The nearly level areas are isolated as either narrowrecognize landforms. 
plateaus or valley floors. Generally, lower eleva-

SIOIPI: ANAIYSIS (F AN ACI) tI'l.ANI) 

RESEARCII SI E 
Table 1. Slope class areas at the acid upland research site 

Multiple Cropping Ieptrlment in Claveria, Misamis Oriental, Philippines, 1987. 

Areaa 
in most upland rice-growing areas, Slope Slope

Slopes vary DescriptionMisamis class rangeincluding the research site in Claveria, 

Oriental, northern Mindanao, Philippines. Water 
A 0- 3 Flat to very gently 730 10 

erosion has produced slopes ranging from a few 
sloping 

degrees to steep escarpments. As population B 2- 8 Gently sloping 1153 15 

pressure has increased, cultivation has extended C 8- 15 Sloping 1249 16 
D 15 -30 Moderately sloping 1482 20 

onto steep slopes. E 30-60 Steep 1633 22 
We studied slopes in a 7- X 10-km block F > 60 Very steep 1305 17 

75 52b 100Totalencompassing most of8 villages studied since 1985. 


From 1967 vertical aerial photographs (scale of aMeasured by planimeter from a map (approximate scale
 

1:15,000), we estimated the slopes using a Topcon 	 = 1:15,000) constructed by uncontrolled methods from 

tnirror stereoscope, employing photointerpretation 	 aerial photographs of the same scale. bRepresents a10-X 

7-km rectangular block covering Claveria town proper to 
and photogramnietric techlniques. 

Bangon-bangon (east.west). The area (7,552 ha) is about 
Slope classes Table Ishows the six slope classes 17% of the total land area of Claveria municipality 

and their areas. 144,040 ha). 
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tions (e.g., west and northwest of Barangay Ane-i) 
have <30('( slopes, 

Implications. With increasing population pres-
sure, up!and agriculture will extend to the more 
steeply sloping areas. With conventional agrono-
mic tc:chnology, crop intensification may increase 
productivity on the gentle slopes (0-8(%). However, 
sustaining productivity on steeper land (>8wi, 
slope) will require specialized soil conservation 
(e.g., alley cropping with contour hedgerows). In 
developing crop technologies for sloping uplands, 
research should integrate erosion control measures 
with soil fertility improvement. 

Soil. FACIORS AND (ROP PERFORMANCE IN 
ACID tPI.ANL) 

Aulhip/ Crolpintg lepartment 

Befre ollcte d f8 ro low sol samlesping veaBefore the 1986-87 cropping season, soil samplesa 
were collected from the plow layer of farmers' fields 
at the Claveria research site. Analysis (Table 2) 

Table 2. Means and standard deviations of soil attiibutes 
in Claveria, Misamis Oriental, Philippines, 1986-87. 

Soil attribute Mean Standard 

pHp i 
Organic %) 

4.94.9 
1.83 

0.290.29 
0.23 

Total N W%
Exchangeable K (meq/100g) 
CEC imeq/100 g) 
Bray P (ppm) 

0.19
0.24 

12.43 
7.80 

0.03
0.14 
2.13 
2.15 

Olsen P (ppm)
Clay (%l 

3.92 
69.00 

2.13 
7.91 

showed that soil acidity and nutrient deficiency 
limit crop production. 

A correlation matrix shows relationships anong
the soil attributes (Table 3). Significant relation
ships arc between total N and organic C (0.77**);
exchangeable K and cation exchange capacity
(CEC=0.64*) or percent clay (-0.63*); and avail
able 1)by the Olsen and Bray II methods (0.86**). 

This analysis was used to group related soil 
attributes communally (Table 4). Factor I is 
named a P anl K availabilit ,factorbecause of its 
high positive loading for exchangeable K, CEC, 
Bray P,and Olsen P. Factor 2 is called OM and 
acidit .factor because of its high negative loading
for pH and its high positive loading for organic C
and total N. Factors I and 2 together explain as 
much as 8W;,of the total variance. 

Table 4. Factor loading for soil attributes. Claveria, 

Misamis Oriental, Philippines, 1986-87. 
-

Soil attribute 

pH 

Organic C
Total NExchangeable K 

Cation exchange capacityAvailable P (Bray II) 
Available P (Olsen) 

Pretca
Percent clay 
Variance explained 
% total variance explained 
a 

Factor 1 Factor 2 
(P and K (Organic matter 

availability) and acidity) 
0.2064 

0.6008 0.637 
0.43720.694 -0.4229 

0.L49 -0.10560.73fL 0.1000 
0.863 0.0465 

014&066-0.6425 0.6064 
3.34 2.04 

52 28 

Factor loadings underlined contribute most to that 
factor. 

Table 3. Correlation matrix of soil attributes in Claveria, Misarmis Oriantal, Philippines, 1986-87. 

Soil attribute pH 
Organic

C 
Total 

N 
Exchangeable 

K 
Cation 

exchange 

capacity 

Available P 
(Bray Il 

Available P 
(Olsen) 

Percent 
clay 

pH 
Organic C 
Total N 
Exchangeable K 
Ca:ion exchange capacity 
Available P (Bray II) 
Available P (Olsen) 
Percent clay 

1.00 
-0.30 
-0.21 
0.29 

-0.02 
0.26 
0.25 

-0.25 

1.00 
0.77 * 
0.13 
0.51 
0.36 
0.43 

-0.03 

1.00 
0.04 
0.19 
0.37 
0.39 
0.28 

1.00 
0.64 
0.29 
0.43 

-0.63' 

1.00 
0.21 
0.41 

-0.66 

1.00 
0.86* 

-0.30 
1.00 

-0.47 1.00 

http:CEC=0.64
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Water depth (cm) 
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Area under water level profile (cm doys/lO00) 

6. Water level plotted against area (cm -days) under t'e seasonal water level profile for successive 10-cm increments ofheight abov the 
soil
surface. Bangladesh and Thailand, 1976186. 

Depth stress FLOODWATER PATTERNS IN DEEPWA"ER RICE150 Agronomy Department
 

•Holbq
]

Agakhola leepwater rice (DWR) grows under rainfed 
100 - PaOchnbur, dryland conditions for 2-3 mo, and is then flooded0deeper than 50 cm for a month or longer. DWR
 

research stations record daily water levels and use 
50- 0 them to inter,et crop performance.We developed acomputer program to calculate 

r the characteristics of water level changes. We

6 W integrated the area under the season's watt;r levelSprofile 
 by summing the water depth incentimeters
0 0 1 2 over consecutive days during the flooding period

Maximum water depth (ce) 
 for successive increments of 10 cm indepth. We
7.Relationship between maximum water depth and "depth 
 plotted these values against water depth,producing
 
=stress," defined as the area under the curves of Figure 6(units50adays for increments of 10 cm indepth)W smooth curves that show clear differences betweenBangladesh and sites and seasons (Fig. 6). The area under each of
Thailand, 1976.-86. 
 these curves gives a value for each flood that 

reflects "depth stress." These "depth stress" valuesFactors and 2were regressed against the grain phave acurvilinear relationship to maximum depth
yields of UPLRi-5 for each field. These factors did 
 (Fig.7), which illustrates flooding severities.Itmay
not significantly eplain yield variation, neither did 
 be possible to classify DWR cultivars in relation toindividual soil attributes.A 
severe drought affected 
 depth stress along with rate of increase of watergrain yields and complicated their interpretation 
 level at the start of flooding,which isalso calculated 
using native soil nutrient levelse by the computer program. 
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MEASURING THE RELATIVE EFFICIENCY OF 

FARMERS"TECHNICAL CHOICES 

Agriculural Economics Department 

In 1975, IRRI's Cropping Systems Program began 
research on rainfed lowland rice in Iloilo, Philip-
pines. The intention was to increase productivity 
(yields and cropping intensity) through introducing 
modern rice varieties (MVs) and new crop man-
agement practice,. The project has promoted MVs 
and direct seeding of pregerminated seed (see 
pri .,ious annual reports). 

In this project, 45 farmers record farm activities 
and expenditures daily for 5 yr. The data allow us 
to measure changes in technical efficiency, which 
reflect estimates of production risks, 

The model. Models of expected utility contain a 
component to measure the stochastic (random) 
impact of technology and the risk attitudes of 
farmers. The expected utility theory states that 
farmers estimate risks of choices they face and try 
to make choices with favorable outcomes. We first 
estimated the stochastic technology. The flexible 
moment-based (mean, variance, skewness ....) 
model links the effects of production inputs to the 
probability distribution of output: 

!,(x,. x,, 
,,(x) =,*(x,.:,, /3)=:.(ll [ :,. 1)dll,2 

.= s,./3) =Jl!/(ll ,13hdll. 
- pl ),./(i ,. 

The leftmost portion shows the moments of the 
distribution to be functions of input levels and thus 
links the probability of profit to the farmer's input 
decisions. The expression Iijis the effect of the ith 
moment of thejth input. Fixed and variable inputs 
are designated as x and r, while /3 represents the 
vector of technology parameters whereby the 
inputs define the moments of the distribution. If 
output is random, then profit I, defined as total 
revenue less total cost, isa probability distribution 
of output conditioned by levels of x and z. The 
moments of this conditional function are shown in 
the middle expression, more formally expressed in 
the rightmost expression. 

We used the model to estimate the first three 
moments of the benefit distribution. In studies of 
risk, farmers are often characterized as risk neutral 
(caring only about the mean), risk averse (con
cerned about the variance and the mean), and 
downside risk averse (preferring an increased 

chance of a bumper crop rather than a crop with a 
very low yield). Faced with choices, a downside 
risk averse farmer would prefer a distribution such 
as (a) (Fig. I) with a negative skew-higher chance 
of getting a high yield. 

The structure of stochastic technology is esti
mated with a model specified as a net revenue 
function in a full quadratic expansion of planting 
(Plabor), crop establishment (Elabor), and crop 
management (Mlabor) labor; land; and N fertilizer. 
Included as linear terms arc solar radiation, a solar 
radiation-N interaction term, a simulated water 
stress variable, and a dummy variable for irriga
tion. The models are estimated on four data sets: 
MVs for crop years 1-2 and 4-5, and traditional 
varieties (TVs) for crop years 1-2 and 3-5. This 
linear version of the model results in estimation 
equations for thejth farmer of 

,,.A=/lI)-x,/3,. 

for the mean and higher moment functions. A 
unique technology parameter is estimated for each 
input for each moment. A range of risk attitude 
parameters based on earlier risk attitude research 
in the Philippines completes the model. 

We can use the expected utility model to make 
relative comparisons of efficiency and production. 
By using the farmer's objective function, rather 
than profit, output, or costs, we can include more 
information relevant to the farmer's decision
making (Fig. 2). J(x, a) is the objective function 
where x is a vector of inputs and a is a vector of 
parameters. Points on J' are inefficient relative to 
points on J' but may be more or less efficient than 
points on other Jis. 

f (y) 
b a 

0 Max yield 

i. A schematic of possible shifts in ayield distribution. IRRI, 
1987. 
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J* Xco0 	 A exponential utility function is 
-P(ll) = I-d y'l) 

BB/ 	 where y is the Arrow-Pratt risk aversion coeffi
cient. The third-order expansion gives the expecta'( tion of utility and risk aversion coefficients for the 
three moments. Relative technical efficiency 
(RTE), comparing the expected utility outcomes of 
changing input levels of MV and TV rice produc
tion, is given by

0 	 X 

Input x 	 RTEI= ,/Ix% y)/f(x', a) 
2. Ihcoretical model of technical efficiency in the firm's Results. Systematic relationships exist between 
ohjccti\e function space. IRRI. 1987. the inputs and the first three moments of the 

farmers' net revenue function. The quadratic tech
nical coefficients were computed as elasticities, andIn this study, we compare TVs and MVs. To four technology models were estimated. The results

calculate their relative efficiency, we must specify a for MVs in crop years 1-2 and 4-5, and for TVs in
functional form for expected utility. We selected crop years 1-2 and 3-5 appear in Table 1.In TVI-2,
the third-order Taylor series expansion of the farmers use long adapted production practices; in
negative exponential utility function. The negative MV1-2, farmers try new practices on new varieties. 

Table 1. Mean elasticities of moments with respect to inputs.a Iloilo, Philippines, 1987. 

Elasticity with Moment one Moment two Moment three 
respect to Elasticitv t-value Elasticity t-value Elasticity t-value 

MI/s, crop years 1-2 
Elabor 
Plabor 
Mlabor 
Land 
Nitrogen 

.1779 

.1164 
-. 1993 

.3662 

.1621 

5.899 
1.910 

-3.909 
5.386 
2.065 

-. 1858 
.0959 
.2130 
.9976 
.2156 

-2.639 
.803 

1.945 
5.986 
1.320 

-. 7187 
.8189 
.6239 
.6607 

-. 8776 

-3.314 
2.785 
2.290 
1.506 

-1.914 
MVs, crop years 4.5 
Elabor 
Plabor 
Mlabor 
Land 
Nitrogen 

.0337 
.2409 
.2151 
.6612 
.2454 

1.301 
3.817 
2.979 
6.932 
3.393 

-. 3810 
-1.3834 

.8931 
2.0468 
-. 3548 

-3.196 
-6.521 
3,623 
4.726 

-1.389 

2.5074 
1.5788 
.9136 

-1.4453 
1.4832 

2.556 
.829 
.367 

-. 373 
.621 

TVs, crop years 1-2 
Elabor 
Plabor 
Mlabcr 
Land 
Nitrogen 

.5485 
-. 1705 

.0457 

.1752 
.2345 

5.743 
-1.931 

1.005 
1.546 
2.475 

.8400 
-. 8420 

.0922 
1.1386 
.2188 

3.501 
-3.754 

1.061 
3.945 

.915 

28.786 
-11.268 

5.332 
-14.802 

6.397 

6.630 
-3.893 
4.321 

-3.593 
1.522 

TVs, crop years 3-5 
Elabor 
Plabor 
Mlabor 
Land 
Nitrogen 

-. 1803 
.3185 

-. 1279 
1.0648 
.1615 

-2.707 
3.001 

-1.634 
11.351 
2.245 

-. 1999 
.1907 
.0344 

-. 0067 
.2551 

-1.025 
.668 
.187 

-. 007 
1.478 

-1.4955 
3.4453 
1.6176 

-1.0822 
.1814 

-4.007 
5.685 
3.097 

-1.380 
.379 

aMVs = modern varieties, TVs = traditional varieties, Elabor = crop establishment labor, Plabor = land preparation labor, 
Mlabor = crop management labor. 
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Later, in MV4-5, farmers have several years of 
experience with new varieties; and in TV3-5, 
farmers continue with TVs that fill a special niche, 
such as aromatic rices, 

The first moments are the usual production 
function estimates--changing levels of an input 
will shift the distribution mean in or out, depending 
on the sign. A positive sign on the second moment 
implies that increased input will increase the 
variance of the distribution, while a positive third 
moment implies that the mass of the distribution is 
shifted right, a direction downside risk averse 
farmers prefer. 

The switch from transplanting to direct seeding 
eliminated much of the labor applied to nursery 
and transplanting operations. Crop establishment 
labor can be a proxy for planting method, trans-
planting in TV 1-2, and direct seeding in MV4-5. In 
MV4-5, establishment labor is a risk-reducing 
input -- increasing the mean, reducing the 
variance, and shifting the mass of the distribution 
right. Establishment labor here can be an input 
that contributes moretoward shaping the distribu-
tion within a frontier than shifting the frontier out. 
Conversely, the interaction term of solar radiation 
and N helps the plant realize its genetic potential 
and contributes relatively more to shifting out the 
fiontier of the distribution. In MV4-5, N is a risk-
reducing input, contradicting several earlier studies. 

The Schultzian hypothesis of efficiency posits 
that, through experience, farmers learn the shape 
of the output distribution and adjust their inputs 
accordingly. During rapid technical change such as 
in Iloilo during the project period, farmers did not 
have good ideas about the shape of the output 
distribution. Tnus, depending on their risk pre
ferences, farmers may choose to experiment with 
input levels to learn about the structure. The 
relevant question is: once faced with different 
technology choices, how fast do farmers learn the 
new technology and achieve previous levels of 
efficiency in their input use'? 

Table 2 gives results of the technical efficiency 
comparisons calculated across a range of risk 
aversion coefficients drawn from a Philippine rice 
farmer risk attitude study by Sillers. AP represents 
the Arrow-Pratt risk aversion measure and DS the 
downside risk aversion measure. Comparisons are 
made at the average input levels for both groups. 
For example, results show that, regardless of the 
type of risk attitude or factor portion, farmers in 
TVI-2 produced more efficiently than farmers in 
TV3-5. (By the end of the period, most farmers had 
assigned their irrigated fields to M Vs; thus, in TV i
2, comparatively better resources were applied to 
TV production than in TV3-5.) 

These estimates of relative technical efficiency 
imply that farmers are sacrificing short-run returns 

Table 2. Relative technical efficiency in rice production. Iloilo, Philippines, 1987. 

Comparisons 

TV1.2 relative to TV3.5 
TV 1-2 factor proportions 

TV 3-5 factor proportions 


TV 7-2 relative to MV1.2 
TV1-2 factor proportions 
MV1-2 factor proportions 

MV4-5 relative to TV3-5 
MV4.5 factor proportions 

TV3-5 factor proportions 


MV4.5 relative to MV 1-2 
MV4-5 factor proportions 

MV1-2 factor proportions 


MV4.5 relative to TV 1-2 
MV4-5 factor proportions 

TV 1-2 factor proportions 


Scale of risk aversion coefficienta 

LoLo LoHi MedMed HiLo HiHi 

1.43 1.28 1.24 1.23 1.13 
1.23 1.48 1.27 1.17 1.26 

1.49 1.62 1.41 1.32 1.39 
1.23 1.56 1.24 1.10 1.23 

2.29 1.93 2.05 2.28 1.81 
1.27 .17 .99 1.17 .95 

1.52 1.30 1.29 1.28 1.14 
1.38 1.18 1.19 1.17 1.09 

1.42 1.14 1.14 1.15 1.00 
1.99 3.15 1.66 1.30 1.44 

aRisk aversion coefficients are Arrow-Pratt risk aversion measure: 0.3 1.0 1.7, and down-side risk aversion measure: 1.0 2.5 
5.0. 
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for long-run gains by learning about the effect about community resources and natural resources;
of input responses on the output distribution, high socioeconomic status females knew more 
Farmers experimented and learned that TVI-2 about many aspects of their environment than did 
production is more efficient than MVI-2, but the other categories of females. Middle status couples
relationship is reveised between M V4-5 and TV3- were least aware of the change in landscape
5. The relationship between efficiency and ex- to accommodate a new production alternative 
perience is demonstrated in the MV4-5 vs MVI-2 tilapia aquaculture. These results show that social 
comparison. The relative speed of learning is seen and sexual divisions of labor have sensitized males 
in the MV4-5 vs TVI-2 comparisons. Farmers and females to different features of their environ
demonstrated an ability to gather information ment. 
rapidly and to apply it beneficially. We asked informants to identify plants and 

These results reflect the value farmers place on arthropods. In distinguishing among noncultivated 
on-farm generated information. They show how plants, informants knew life habits and morphol
fast a group of resource-pooi farmers can turn the ogical features that have little bearing on agro
disruptive elfects of new technology into gains. nomic properties. In discriminating among harm

less arthropods, they emphasized physiological or 
behavioral attributes, e.g., how they move, smell,

D)ECISIONMAKING OF PHILIPPINE FARMERS IN and sound. When iden'ifying cultivated plants and 
TRANSITION harmful arthropods-both quite culturally relevant 

A4gricultural Economics Department to farming--functional criteria dominated: neg
ative human-directed effects with arthropods, and 

We analyzed the decisionmaking of several gastronomic criteria with rice. 
categories of farmers in a rural Philippine com- The results reinforce the need to consider
 
munity (near IRRI) under changing social, farmers as consumers rather than just producers,

economic, and ecological conditions. The changes and to consider gastronomic preferences in breed
involved 1)transition from landlord-owned, ter.ant- ing rice 'cultivars. Integrated pest management

operated ricelands to post-land reform, amortizing programs need to examine indigenous knowledge

owner-operated smallholdings; 2) diversification before supplanting it with "scientific" information.
 
from rice monoculture to a rice - aquaculture Serious attention needs to be 
 paid to "ethno
system, with some vegetable and ornamental agronomy" and "ethnogastronomy" (or folk
 
gardening; and 3) the influx of migrant, landless 
 models in production and consumption) in design
workers. ing and promoting agricultural recommendations. 

We investigated decisionmaking, knowledge, High socioeconomic households go for options
and choices pertaining to agriculture, fishery, and that increase productivity, while middle status ones 
nutrition. We considered social differences, includ- give priority to stability. Low socioeconemic 
ing socioeconomic standing and gender. The households, knowing their limitations, "watch" 
landless workers are disadvantaged compared with and note details in agricultural production and 
their more established and affluent neighbors. marketing. Salient for them are experiences of 
However, tilapia aquaculture and ornamental moving around as hired laborers in others' fields-
gardening provide opportunities beyond those they note the sharpness of leaves and spikelets, the 
possible with secure land tenure, itchiness of pollens, the density of shoots, the 

As an aid to measuring the farmers' knowledge tenacity of weeds, and the appetites of different 
of local resources and opportunities, we asked pests. They make "closer to the ground" observa
them to draw maps of the area. Low status males, tions and more detailed representations, which 
mostly migrants, knew more about free-access seem to inhibit abstraction and generalization. 
resources and channels of navigation and transport While upper socioeconomic informants empha
than did their spouses, who were more sensitized to size the flavor, aroma, and texture of rice, those 
community resources that offer free public services. lower in the socioeconomic ladder emphasize the 
High socioeconomic status males knew the most grains' expanding, satisfying, and staying power. 
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The latter note the value of subsistence crops for 
feeding and "fattening"their children and pay close 
attention to avoiding unwanted side effects. 

The results of this study illustrate differential 
access to knowledge and to resources. Choices of 
time allocation, food consumption, and land use 
are constrained, requiring compromises that lead 
to behavioral outcomes that may not be logical for 
maximization or adaptation. 

VIABILITY OF PUMP IRRIGATION COOPERATIV2S 

IN GUIMBA. PHILIPPINES 


Water Management Department 

Pumping water for irrigation, as from deep tube-
wells, is more expensive than drawing water from 
diversion or reservoir-backed irrigation systems. 
To reduce pumping costs, the National Irrigation 
Administration (NIA) in 1985 organized farmer 
users of the deepwell pump systems in Guimba, 
Nueva Ecija, into Farmer Irrigators Associations 
(FIAs) to operate pumps and pay for operation. 
Each FIA distributes water to members, and 
collects irrigation fees to pay for electricity, 

Of the 23 deep tubewells in Guimba, only 7 were 
operational in 1987. The other HAs failed to pay 
the minimum 90% of the electricity cost of the 
previous season. Each farmer pays an irrigation fee 
equal to 1,200 kg of rough rice/ h3 for 2 crops each 
year. 

In the 1987 dry season (DS). we studied 3 
successfully operating FIAs: P8, GP108, and 
GP132. We interviewed all officers and a sample of 
30-40% of the members. 

Mean farm size was about I ha. The total areas 
irrigated were 46, 60, and 51 ha, respectively, 
GPI08 started pumping in mid-December 1986, 
P8 in late December 1986, and GP132 in mid-
January 1987. Land preparation was finished in 63 
d at GP132 and GP108, and in 56 d at P8. 

Monthly average discharges for pumps (75-HP 
engines) did not change from January to March 
1987. All except some GP132 areas received 
adequate water during the crop growth period. The 
mean relative water supply-the ratio of water 
supplied to water required in the ricefield-was 0.7 
in the GP132 service area, 1.3 in P8, and 0.9 in 
GPI08.The average rice yields were 4.8 t/ha for 
P8, 4.2 t/ha for GPI08, and 4.1 t/ha for GP132. 

All FIAs rotated water distribution. The cost of 
pump operation was highest (about $136/ha) in 
P8, which served the smallest.area (46 ha), and 
lowest in GPI08 (about $102/ha) with the biggest 
area (60 ha). GP132 expended about $110/ha. 

None of the three FIAs had legal status. They 
operated informally, without maintaining perma
neni records, written policies, or guidelines. Trust 
and satisfaction of members with their leadership 
influenced payment of the irrigation fees. In 
GP108, where leadership was solely with the 
president, irrigation fee payment was high. 
Members perceived their contribution to b- safe 

with the president, who was rich, fair, honest, and a 
source of farm credit. 

GPI08 members hired two watertenders to 
distribute water and help collect irrigation fees. A 
collector employed by the FIA collected irrigation 
fees from the members. InP8, FIA leaders were 
also watertenders, receiving $5/mo. In GP132, 
separate watertenders distributed water, cleaned 
canals, and collected fees. 

Costs could be reduced in all 3 systems if the 
cropping activities were better planned and the 
land preparation period shortened to at least 6 wk. 

FARMER SOIL NUTRIENT AND EROSION
 
PRACTICES AND PERCEPTIONS
 

AgriculturalEconomics Department 

Claveria (Misamis Oriental) farmers complain 
about declining yields due to soil erosion and 
continuous cropping. We studied land manage
ment practices, perceptions, and knowledge to help 
develop appropriate research for erosion-prone 
sloping uplands. We interviewed 55 farmers, visited 
their fields, and sampled and analyzed soils and 
weeds. 

Claveria lands include volcanic r lateau and 
alluvial plain. Soils are moderately well-drained 
clays of pH 3.9-5.2. Total annual rainfall is 
2,200 mm, with the maximum in July-December. 
A first crop season (panuig)spans May-October, a 
second (buklas) Oct, er-March. Second season 
rainfall is uncertain, leading to more seasonal 
fallows. More than half of the land has more than 
15% slope. The Bureau of Soils estimated that 
about 47% of Claveria lands is severely eroded 
(1985). 
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Table 3 shows respondent land tenure, farm drica, 2) Digitaria Iongiflora, 3) Pennisetum 
sizes, and crops. polystachyon, 4) Theineda triandra, and 5)

Lands, soils, and crop choice. Claveria farmer Paspalum conjugatum. Except for Pteridium 
soil categories are characterized primarily by slope, aquilinum, which grows on the poorest soils, these
but also by color, fertility, texture, acidity, and observations are correct. Several said I. cylindrica
friability (Table 4). For example, red (puwapuwa) made soils poorer or carried substances toxic to
soils are poor (niwang, literally thin) and acidic crops. The grass does produce allelopathic subs
(asloin, literally sour); poor soils are red. tances affecting plant growth.

Farmers generally associated several weeds with Farmers usually plant maize on better soils and
richer soils: I) Mimosa invisa, 2) Crassocephalum rice or cassava on poorer soilk; however, greater
crepidiodes, 3) Calopogoniuin mucunoides and weed control costs (32 labor d/ha) prevent some 
Centrosemna puhescens, 4) Helianths annuus, 5) from planting rice. After water, farmers named
lpomoea pes-tigridis,6) Hvptis suaveolens, and 7) adequate, timely weed control as the main rice crop
Pteridium aquilinum. 	 Weeds most commonly need. Farmers grew 10 traditional rice varieties 
associated with poorer soils were 1)Inperatacvlin- (1987) and continually tested others for charac-

Table 3. Land tenure, farm size, and cropping patterns for 55 farmersa in Claverie. Misamis Oriental, Philippines, 1987. 

Plantings (no.)Category No. 	 Av farm 
size (ia) Rico - fallow Maize - maize Hybrid maize Perennial crops Cassava Tomato 

Owner 16 4.4 9 16 8 6 8 3Tenant 15 2.6 8 15 1 3 7 2Caretaker tenant 5 2.8 0 5 1 0 2 2
 
Land reform
 

CLTC holder 7 4.4 3 6 3 3 3 1Local organization 5 2.1 4 4 1 0 2 0Takeover 4 3.3 3 3 0 1 2 0Rent or contract 3 2.3 3 3 2 1 1 2 

aSeven had a mix of tenure types; main typo was counted. bCLT Certificate of Land Transfer. 

Table 4. Claveria farmer lands and soils categories. 1987. 

Soils Lands 

Undesirable characteristics 
puwa puwa red 	 bakilid sloping
niwang, umau poor, thin buntod buntod hillywalay sustancia nothing left batohon 	 rockyaslom "sour" or acidic nagasgasan washed out, literallypundok pundok spotty fertility "scratched"
 
pagkumot magbuwag/ disintegrates when held
 

magkabuwag
 

Desirable characteristics 
tambok tambok fertile, rich patag patag 	 flatitom itom 	 black, dark bunkag newly openedbukakhaon 	 absorbs/holds water kabugon 	 low-lying areamadali madayao not easily dried basak waterway or lowland
pughay na, humok friable 
balason sandy 
modyo mopilit quite sticky

bonbon silt (rich)
 

More neutral characteriticsmogahi, mobagtik crusty nananay hay, nahandig gently sloping kaingin
tibuok coars sakom 
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teristics including tolerance for acid soils and low 
fertility. The widest planted traditional variety
Speaker was prized for high yield without fertilizer 
(1.5-2.6 t/ha). Farmers reported that Dinorado 
gives disappointing yields in Claveria. Landowners 
and holders of certificates of land transfer planted 
perennials on steep slopes, 

Fertilizers, manure, lime, and biomass. Most 
informants said they needed inorganic fertilizers, 
lime, and chicken manure to boost production and 
to maintain or improve soils. Most said they could 
not afford credit for these inputs, but wanted it. 
They learned fertilizer and lime application rates 
from government programs (e.g., Maisagana), 
chemical firm representatives, other farmers, and 
personal experience and testing. 

Many rice farmers wanted to try UtPLRi-5 
(improved upland variety tested by IRRI) with 
fertilizers. Although they did not know the quan-
tities needed, several were sure they could not 
afford the fertilizer. Those trying UPLRi-5 got 1.1 
to 3.7 t/ha using 0-25 kg N and 30 kg PFha. 

About half of the respondents had used fer-
tilizers for hybrid maize or tomato Most had 
received credit. Several landowners planted hybrid 
maize when government programs gave credit for 
seed, lime, and fertilizers. Some quit planting 
hybrids after late fund releases led to late planting 
and armyworm Mvthimna separala damage. 

To produce tomato, farmers provided land and 
labor, and entrepreneurs provided credit for lime, 
fertilizers, chicken manure, insecticides, fungicides, 
stakes, and twine. Although crop prices varied 
greatly, farmers sought the guaranteed residual 
fertility that benefits up to 2 succeeding maize 
crops. Tomato field soils sampled after cropping 
averaged a significant additional equivalent of 
39 kgP/haover fallow (16 kg/ ha) in the top 15cm. 

Farmers agreed that soil amendments were 
wasted on steeper slopes because of erosion. Many 
had applied lime (up to 3.5 t/ha) and expected its 
effects to last for 3-4 yr. Some were applying small 
amounts directly to crop rows at first season 
planting. A maize and rice farmer said he preferred, 
in order, a basal application of complete fertilizer, 
weeding, a urea sidedressing, and lime. If costs---
including those of application--were zero, he 
would replace complete fertilizer with chicken 

manure. Others said fertilizer without lime was 
useless. 

Although they recognized that animal dung 
adds nutrients to areas used as pasture, Claveria 
farmers grazed draft animals and did not manu
facture farmyard manure. Chicken manure for 
tomato was purchased in Cagayan de Oro. 

No one reported green manuring. Several grew 
legumes, but none observed soil nutrient benefits 
from either crop or incorporated biomass. Eight 
switched from burning to incorporation of rice or 
maize crop residues for improved soil fertility. 
Many mentioned the benefits of composting, but 
only six had compost pits. Compost was usually 
used for vegetables or perennial seedlings. I abor 
(including hauling water) and lack of raw materials 
were constraints to compost production. 

Fallows. Only I I respondents had fallowed 
areas, mostly because of steep slopes or labor 
constraints. Four farmers claimed that soils 
improved, six said there were no negative effects. 
L cylindrica domination and toxicity were a 
problem, and three said trees or pasture legumes 
were needed. 

About 50% of the respondents thought that 
faillows regenerate soils. They explained that fallow 
soils improve because lands "rest" and rebuild 
nutrients; or grasses grow, die, decompose, and 
add organic matter. Estimates varied (1-10 yr) as to 
time needed to regenerate nutrients. 

Overall, farmers were ambivalent about weeds 
in fallows. They cited benefits and recognized that 
"good" weeds C. puhescens, Calopogonium 
mucunoides -and Mimosa invisa--improve soils 
because decayed leaves and stems are rich in 
nutrients. They observed, however, that fallows do 
not regenerate beyond perennial grasses associated 
with poor compacted soils and with substantial 
labor to reopen parcels. 

Soil erosion and erosion control. Ninety percent 
of the respondents said soil erosion was a problem 
in their fields. All were aware ofdownslope soil and 
nutrient erosion due to rainfall runoff. Farmers 
readily pointed out and discussed parts of fields 
and crops damaged by erosion, and identified and 
had terms for sheet, rill, and gully erosion and for 
nutrient leaching. About 15% said plowing con
tributed to the problem. 



Many said that soils are dark on top and reddish 
underneath, and over time the dark top layer had 
eroded, exposing red, poorer sells. Many farmers 
cited specific diminishing depths over time (e.g., 
50 cm in 1976 to 10 cm in 1986). 

Respondents mentioned the benefits of soil 
nutrients eroding onto their fields from neigh-
boring fields and pastures. 

Knowledge of solutions to soil erosion was fair. 
Perennials or banana planted in upper areas, 
digging of protective drainage or diversion canals, 
and planting banana in erosion gullies to create soil 
traps and to take advantage of the eroded nutrients 
were each mentioned by about 50% of the in-
formants. Other measures each mentioned by 
about 20(' were I) grassy strips across slopes or 
along field borders; 2) L'ucaena h'ucocephala 
strips: 3) piling grasses, banana stalks, and crop 
residues across erosion channels; 4) contour 
plowing; and 5) legume cover crops. 

Erosion control was limited. About 20% had 
constructed drainage-diversion canals along upper 
plot borders; and several left weedy strips between 
plots. A common low-effort, low-return method 
was to pile weeds and crop residues across and 
within erosion channels. Banana planted in erosion 
channels was more common. 

While a few landowners planted perennials on 
sloping plots, no one planted trees in strips or on 
Upper slopes to protect lower areas. Some with 
adequate land resources left trees on longer 
fallowed areas. Others who said tree planting was 
needed lacked land for it. 
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True contour plowing was extremely rare. 
Farmers commonly cultivated curving hillsides 
along a single direction so that furrows followed 
the contour tangentially and ran downslope. Some 
steep slopes were not tilled but were planted as 
sacom, using only a bolo to reduce erosion. 

Farmer practice and technical knowledge are a 
resource for on-site farmer participatory research. 
Farmer practices and perceptions suggest further 
areas of research needed for developing an appro
priate integrated nutrient management strategy for 
acid uplands: i) actual fallow succession and 
potentials for legume-based improved fallows, 2) 
appropriate methods of erosion control, and 3) 
improved legume biomass use. 

FMPI.OYMENT AND INCOME WITH FARMERS' 

CROIPPING IPAYFRNS 
Agricuhural Economics Department 

Cropping intensity, and labor and power use. 
The upper barangays--Anei, Hinaplanan, and 
Patrocinio---in Claveria were intensively cropped 
in 1987 with 63% planted to asecond crop. In lower 
barangays-- Gumaod, Plaridel, and Cabacungan--
23% was multiple cropped (Table 5). Because of 
civil unrest, small farms in the lower barangays 
were less intensively farmed than medium or larger 
farms. 

Farms used twice as much labor for the first crop 
as for the second, partly because of widespread 
drought and crop failure. Labor use per hectare 

Table 5. Cropping intensity and labor use by size of farm. Claveria, Misamis Oriental, Philippines, 1986-87. 

Labor use (d/ha) Power use (d/ha) 

Location, size Av farm Cropping
size (ha) intensity First Second First Second 

crop crop crop crop 
Upper barangays 

Small 1.0 154 82 43 23 13
Medium 2.2 162 63 27 19 12
Large 4.3 168 42 2'j 14 8 

Av 2.3 163 58 26 18 11 
Lower barangays

Small 0.8 94 102 49 23 16
Medium 2.1 136 67 34 12 12
Large 5.0 119 59 25 13 8 

Av 2.7 123 65 30 13 10 
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averaged from 21 labor d/ ha on large farms in the laborers and provided full employment for 7 mo. It 
second crop to 102 labor d/ ha on small farms in the offered employment during seasonal slack periods.
first crop. Labor was twice that on small farms The upland rice - maize pattern.used 71% of the 
(43-102 labor d/ha) as on large farms (21-59 labor labor supply and provided full employment for I 
d/ha), and more animal power was used on small mo. Seasonal slack periods call for developing
farms. cropping patterns like tomato - maize that employ 

Employment. Labor data on eight cropping labor more fully. 
patterns were analyzed (Table 6). The maize - Returns to labor appear in Table 7.The tomato 
maize monoculture used 43% of available labor. maize pattern provided the most employment (242
The tomato - maize pattern employed the most d/ha) and family labor income ($160/ha). The 

Table 6. Labor use in farmers' cropping patterns in Claveria, Misamis Oriental, Philippines, 1986.87.a 

Cropping pattern
Item Maize- Upland rice - Upland rice - Cassava - Tomaco - Cowpea . Perennial Maize -

maize fallow maize fallow maize maize crops cassava 
Annual labor requirement 

days 76 94 123 44 242 77 106 83 
% available ;upply 43 53 71 25 137 44 60 48 

Monthly use of labor: 
%of available supply 
Jan 21 0 18 19 18 18 30 12 
Feb 
Mar 

21 
24 

0 
9 

15 
16 

12 
39 

1 
30 

15 
13 

28 
137 

9 
53 

Apr 29 19 22 19 2 7 71 55 
May 38 45 46 28 134 25 36 40 
Jun 47 87 88 13 138 79 38 84 
Jul 24 131 135 12 124 29 107 51 
Aug 28 47 57 30 176 103 12 41 
Sep 73 12 40 20 191 27 14 73 
Oct 35 61 93 13 195 32 12 0 
Nov 19 52 70 1 166 18 25 0 
Dec 18 4 21 12 16 16 19 0 

Coefficient of variation %) 48 99 71 54 74 87 88 82 

aAverage 2.5 family laborers per farm provide 528 labor d/yr or 44 labor d/mo. 

Table 7. Income and labor use in farmers' cropping patterns, Claveria, Misamis Oriental, Philippines, 1986-87. 

Cropping pattern 
Item 

Maize . Upland rice - Upland rice Cassava- Tomato- Cowpea - Perennial Maize 
maizP fallow maize fallow maize maize crops cassava 

Labor use (labor d/ha) 
Family labor 41 57 74 35 128 53 60 43 
Hired labor 35 37 49 8 114 24 46 41 

Power use (animal d/ha) 
Family owned 22 16 27 11 32 23 10 16 
Hired 10 5 9 3 14 4 12 6 

Total net returns ($/ha) 49 -2 8 41 393 14 153 114 
Net returns to 

family labor ($/ha) 33 41 55 30 160 39 58 36 
Rates of return ($/$l) 

Labor and power costs 1.4 1.0 1.1 1.8 1.6 1.2 2.3 2.1 
Material costs 12.1 0.6 3.6 91.1 4.2 3.9 3.4 16.5 
Total variable costs 1.4 1.0 1.1 1.8 1.3 1.1 1.8 2.0 
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upland rice - maize pattern and perennial crops
provided similar returns to family labor and 
employment. The rates of return to labor and 
power costs ranged from $0.97/$1 on upland rice
monoculture to $2.30/$1 on perennials. The return 
to material inputs was uniformly high on farmers' 
cropping patterns except for upland rice, which 
was severely affected by drought. 

RICE PRODUCT!ON SYSTEMS OF THE MAROVOAY 
PLAINS, MADAGASCAR 

Agricultural Economics Department, 

The Rice Program of the National Center for 
Applied Research on Rural Development of
Madagascar collaborated with IRRI in a farming
systems study in the Marovoay Plains involving a
review of previous research, an exploratory survey
of the region, and a farm-level study of 127 rice
farming households. Details are given in the 
section on Cooperative Country Projects. 
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INSFI("S 

I:tLiomlog, )epartnnt 

Insect pests and yield loss in upland rice. Trials 
over l~iipiesonitetyav hwn~Unprotected 
Philippines, have Consistently shown that upland 
rice is under intense pressure from insects. Yield 
losses average 32(' over 3 vr (Table I ).The greatest 
loss (13'i ) was caused by soil pests, dominated by 5 
species of white grub, in order of prevalence: 
tlolotrithia mindanaoana hrenske, ,ldore'us 
luridhis Blanchard, Lucpolhl)i irrorata (Chev
rolat), IL 'leu ki Brenske, and A. (= l'paeltortus) 

ranunctults Burnieister. The larvae occur year
round, but not all species occur in all seasons. T hey
feed on the roots, Large tracts of pasture and 
perennial grassy fallows favor white grubs. Other 
sod pests were root aphids Ttirateura niri-
atbdominalis (Sasaki) and Rhopahsillhuim rffi-
allominalis (Sasaki). Both adults and nymphs 
remove the sap from roots and cause stunting and 
yellowing. Termites, dominated by Afacroternes 
gilvus Hagen, and mealybugs, notably Trionvnus 
spp., occurred in low numbers. 

Seedling pests attack the newly emerged plants 
aboveground. The combined d amage averages 
10(7i anid is caused mostly by the seedling maggot 
Aher,,on, crlze, which causes dead hearts. A 
small flea beetlc, ('haciocnenahasalisM(laly), also 
attacks seedlings, causing the leaves to turn brown 
when many feed. 

Reproductive phase pests are dominated by 
stern borers (S Bs) and leaffolders (I.Fs). Their 
importance varies from year to year but has, on the 
average, caused a 7((' yield loss. The seven S13 
species are, in order of prevalence, pink SB 

the past 3 yr in Claveria, Misamis Oriental, 

Sesania in/Crens, striped SB hio sqpressalis, 
gold-fringed SB C. auricilius, white S11 Scirpo-
)haga innotatIa,yellow SH3.eirpolha. a inc+,rluas. 
and two lesser known species Ac~iiona chrvso-
gra~ hella (Kollar) andl Maliarpha spp. There are 
also two I.Fs: (naphalo-roti. metlinalis and 
Alarasmia petil/is. Arnlyworm AIithimna sepa-
rata occurs f'rorn time to time, 

The ripening phase pests arc the least important, 
with only 2!i recorded yield loss. The seed bugs. 
dominated by Ieplo.orisa oratorius, are niost 
responsible. Other seed bugs include Pach v-
hrachiusniwtneri (I)ohrn) and Paraeuomenwus (= 
IPachi/hrachiitus}lp,°icornis (Dallas). 

Table 1. Yield losses from insect pests in upland rice. 
Claveria, Misamis Oriental, Philippines, 1985-87. 

Parameter 1985 198 6a 1987 Mean 

Protected yieldyield(t/ha)It/ha) 3.1 2.5 2.3 2.65.1 3.7 3.1 4.0 
Yield loss t/ha) 2.0 1.2 0.8 1.3 
Yield loss (% 39 32 26 32 
Yield loss (%)by 
insect guild

Soil pests 14 12 13 13 
Vegetative phase pests 11 7 13 10 
Reproductive phase pests 9 11 0 7.Ripening phase pests 5 2 0 2 

alncluded one field with no yield because of neck blast. 

Seeding rate and chemical control of seedling 
maggot oil upland rice. The seedling maggot 
attacks upland rice tip to 4 wk after crop 
emergence. The resulting deadhearts reduce tiller 
number and yield. Early plantings escape attack, 
but not all farmers can prepare their land oi time. 
Late plantings can be protected either by increasing 
the seeding rate or by in insecticide seed treatment. 
Increased plant stand compensates for deadhearts. 
IRRI entomologists tested 6 seeding rates 50, 70, 
90, It0. 130, and 150 kg/ha with and without 
0.3 kg ai earbosulfan ST/ ha as seed treatment fora 
total of 12 treatnme'its in a late planting. The highest 
yield of untreated seed occurred with 120 kg 
seed' ha (Fig. 1), but the least expensive option was 
50 kg seed/ ha, unprotected, which cost $6. 10/ ha 
for the seed. Insecticide-protected seed gave the 
highest yield regardless of seeding rate (Fig. I). 
Seed treatment was valued at $17.85, including a 
60C7. interest rate. lhe greatest rate of return on 
investment was 90 kg seed Iha, untreated (valued at 
$11.00/ha) (Fig. 2). if a farmer had more money 
($26.40/ ha) the next greatest rate of return would 
come from 70 kg seed / ha, tr eated. 

(hemical control. Whitegrubs on rice. Granular 
soil insecticide applied in the seed furrow is the 
most practical way of controlling white grubs in 
upland rice. Nonchemical methods are not 
available. Six dosages of y-BHC, an inexpensive 
soil insecticide, were tested in a field trial in 
Claveria. The white grub population declined in a 
linear fashion as dosage increased from 0. Ito 1.0 
kg ai ha (Fig. 3). A sharp yield increase of0.5 t'ha 
occurred between 0 and 0. I kg ai ha. The slope of 
the yield response to increasing dosage was less 
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tWhtite gruhsonIwaut. Peanut after upland rice 
"I-* 	 is particularly vulnerable to white grub damage. 

Plants wilt and die once the taproot is severed. 
Upland farmers have low cash resources. 

1012 Therefore I RRI entomologists tested low dosages 
nT of common soil insecticides against white grub on 

/ T .	 peanut. Carbofuran and y-BHC granules were 
drilled in the seed furrow at planting. Four 

P,,I O2 T 50 kg seed/o($60) 	 insecticides were impregnated in cassava flour 
T 1 90 kg seed/W ( 1100) 

T 70 OgS /o ,.nsecticde($264O) paste applied to the seed. lsofenphos seed treatment 
T10 kseed/,a+,nsecfcde (S3125),10 at 0. 1 kg ai; ha resulted in the greatest plant stand 

IK0 and a low number ol damaged plants (Table 2). 
Nlatos rule of,,efur Granular "y-BHCapplied as a seed treatment also 

71- 173 l?4 80 	 gave excellent grub control.T3 -T 8 4,12901_0 T3-T 10: .$90 Munghean inecis. Recent research has sought 
to reduce the amount of insecticide required to 

control mtungbean insect pests. The current practice 
is four to five sprays. Preflowcring protection 

0O involves 0.25 kg ai monocrotophos, ha sprayed at 2orlable cost (20/3a) 	 and 12 d aftcr emergence ()E), which could be 

2. Net henclit vinc (it 1; PI Ri-51lphartd rice seeding rates wit h replaced by a single seed treatment resulting in 
;In( 	 \\thot insecticide protection in the vegetative phase. substantial savings of insecticide and labor. Folr 

laseria. Misai, ()hiental. Philippincs..luI-No% 1986. seed treatment chemicals were compared, each at 

two dosages, in a field trial in South Cotabato on 
mungbean after lowland rice. Two seed treatment 

from 0.2 to 1.0 kg ai/ha. Therefore, the econo- methods were compared: water slurry and pcl
mically optimal dosage of "y-BHC is 0.1-0.2 kg leting. Pelleting with cassava flour paste (10 parts 
ai ha. cassava flour heated with 90 parts wrater) is safer 
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Table 2. Insecticides evaluated against white grubs on 
peanut.a Claveria, Misamis Oriental, Philippines, Jul-Nov 
1987 wet season IWS). 

Plant stand White grubsc
Dosage (no. of (no. of 

Insecticideb (kg plants/25 damaged
al/ha) m' ) at plants/10.n 

105 DE row) at 60 DE 

Carbosulfan STD PSC 0.1 111 ab 4 b
Isofenphos ST PSC 0.1 124 a 2ab 
Carbofuran G PSC 0.1 94 c 4 b 
Carbofuran Gdrill 0.3 117 ab 4 b 
Gamma BHC G PSC 0.1 bc104 1 a
Gamma BHC G drill 0.3 116 ab 2 ab 
Untreated control - 108 bc 5 b 

Av a of 5 replications across farmers' fields. DE daysafter crop emergence. bpsc = pelletized seed coating
using c-ssava flour. Drill = chemical applied together with 
basal application of recommended fertilizer. CHolotrichia 
mi-sdanaoanaand Leucopholis irrorata. 

than the Slurry, because in pelleting dry flour is 
add.,d as a final coating. Seed issown by hand, a 
tile c, Isavaflour coats tile insecticide. The water 
slurry treattments were no better than the untreated 
control. lPelleted carboSuln gave excellent beanfly 
control even at 0.15 kg ,It ha (Table 3). A second 
field trial tested a lo.ver dosage (0.1 kg ai/ha) of 
pelleti/cd carbosulfIan seed treatment and achieved 

Table 3. Evaluation of pelleted insecticide seed treatments 

on mungbean.0 
 Koronadal, South Cotabato, Philippines,1986 dry season (DS). 

Beanfly larvae and 

Treatment Dosage pupaeb


(kg ai/ha) (no./35 plants) 
at 21 DE 

Bendiocarb 50 WP 0.15 11 bcd 
0.30 6 abcCarbosulfan 40 ST 0.15 4 ab0.30 2 a 
0.3 2 abOmethoate 50 EC 0.15 7 abcd 

0.30 9abcdIsofenphos 40 SD 0.15 16 cd 
0.30 7 abcd 

Untreated 17 d 

0 Av of 3 replications. Postflowering spray with 15 g ai 
deltamethrin FC/ha at 30, 40, and 50 DE was applied toall treatments including the untreated. Seeds, water, and 
insecticides agitated in plastic bag and coated with cassava 
paste plus an outer coating of dry cassava flour. bOphio,
myia pnaseoli; 35 plants sampled, 

good control of preflowering pests (Table 4). The
seed treatment reduced the preflowering insecticide 
requirement fivefold. 

Earlier trials established deltamethrin as asuperior insecticide for pod borer control. In this 

cxperimcnt, 2 application:s at 10g ai deltanethrin/ 
ha were inferior to 3 (recommended practice vs 
alternative practice I ) (Table 4). A slight yield loss 
occurred when the dosage was lowered from 30 to
10 g ai deltarriethriniha (complete control vs
alternative practice I ). lowering tile dosage to 5 g 

ai/ha with 3 applications was inferior to a higher
dosage of 10 g ai!ha (alternative practice 2 vs 
alternative practice 3). Iheref'ore, thle current 
practice would be seed treatment at 0.1 kg ai
carbosulfan and 3 applications of 10 g ,i
deltaniethriniha. 

Table 4. Chemical insect control for Pagasa 1 mungbean 
planted after wetland rice.a Guimba, Nueva Ecija, Philip. 
pines, Mar-Jun 1986 DS. 

Flea beetlesb Beanflyc Damaged
(no. of holes/plant) larvae + pupae green Yielde 

at 14 DE (no.,'35 plants) podsd (t/ha)at 21 DE %) 
Complete control = preflowering stage: 0.5 kg ai monc
crotophosEC/ha+ O.O15kgaideltamethrinEC/ha at2, 
9, and 16DE,'postflowering: 3 0gaideltamethrin EC/haduring flowering (50% flower set) and 10 and 20 d later 

1.9a 0 a 1.2a 1.11a 

Untreatedcheck
7.2 d 4.0 b 5.0 b 0.67 c 

Recommended practice= preflowering stage: 0. 25 kg aimonocrotophos EC/ha at 2 and 12 DE; postflowering 

stage: log ai deltamethrin EC/ha at 30 and 40 DE 
3.6 ab 0.2 a 2.0 a 0.88 b 

Alternative practice 7= preflowering stage: 0.25 kg ai 
monocrotophos EC/ha at 2 and 12 DE; postflowering 

stage: 10 g di deltamethrinEC/ha at 30, 40, and 50 DE5.2 cd 1.2 a 2.4 a 0.91 ab 

Alternative pactice 2 prefloweringstage: 0.25 kg aiamonocrotophos EC/ha at 2 and 72 DE,"post flowering 
stage: 5 g ai deltamethrin EC/ha at 30, 40, and 50 DE4.7 bcd 0.6 a 3.4 ab 0.84 bc 

Alternative practice 3 = preflowering stage: seed treat
ment 10 g ai carbosulfan WP/ha (pelleting with cassava
flour), postflo wering stage: 10 g ai deltamethrin EC/h_ 

at 30, 40, and 50 DE 
4.0 abc 0.6 a 1.4 a 0.97 ab 

Av of 5 replications (fields). DE = days after emergen-ce.
bMedythia suaturalis; 35 plants sampled. cOphiomyia
phaseoli; 35 plants sampled. dMaruca testulalis; 50 flower 

2clusters and 100 pods sampled. e35 m crop cut. 
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Cowjpca insects. ('owpea was introduced in WIIED.)S 
Claveria in 1984. Insect infestation was low, as Agronoln.r DT)rment 
farmers grew mainly nonhost cereal crops. Yield 
lossei from insects have progressively increased Weed control practices in upland crops. Rice. Two 
with yealr-r(tind cropping of cowpea favored by experiments were performed. In the first, the major
;.he long rainy season. Pirticularly threatening was weeds in the experimental iea were Rlotoellia
the appearance of the aphid-borne cowpea mosaic cnchinchinensi.s, Berretta/wti.', Biden.pluha,and 
%irus disease. A field trial " ith an early monsoon MlMRina in'isa. Growth of ,I. invisa was vigorous
planting showed the pest-free yield potential to he in all plots late in the cropping season. This resulted 
1.21 t h. but without protection, yield dropped to in harvesting problems because of the ablndant1t, 
0.64 t ha (Table 5). The rccommended practice sharp, recurved spines on its stem. All w, ed control 
yielded 1.02 t ha from 3 insecticide applications practices except the farmer's practice of interrow 
I seed treatment and 2 sprays against pod horers. cultivation at 25 and 40 I)F significantly reduced 
Omitting the second spray depressed the yield weed weight compared with tile untreated check, 
slightly to 0.94 t ha. The optimal control practice restlting in grain yield increases (Table 6). The 
was the low-cost technology with halfdosage of the highest yields, net returns (Table 6), and marginal
seed treat melit phus two sprays for pod borer, also rates of return (Fig. 4), and acceptable marginal 
at reduced dosages. The car bosulfIin sced treatment benefit-cost ratios (M I3CRs) (Table 6) were 
at 50 g ai ha gave excellent beanfly and aphid obtained with hand weeding (H W).
control, but only modest control of' the virus. If In the second experiment, rice was the first crop
virus pres:;u re were to increase, a dosage of 100 g in a long-term trial established at two sites in 
i ha.i would be warranted. Two (etalmethrin Claveria in the 1987 wet season (WS) to determine 

sprays against pod borer are minimtLm. Savings the effect of continuous weed control in a cropping 
can he gained from reducing tile dosage from 10 to sequence onl weed growth, composition ofthe weed 
7 g ai; ha. flora, and crop yield. At one site, where B. laevis., 

Table 5. Insect control recommendation development for upland IT82D-889 cowpea. Claveria, Misamis Oriental, Philip
pines, Jun-Aug 1986. 

Beanfly damageb Aphid infestationc Cowpea mosaic virusd Pod borer damagee 

(%damaged plants) 
at 21 DE 

(grade/plant) 
at 14 DE 

(% infected plants) 
at 50 DE 

(%damaged pods) 
at 17 DAFS 

Yit) 
ft/ha) 

Complete control = prefloweringstage: 0.3 kg ai carbosulfan STW/ha pelletized (cassava flour) seed treatment, 20g aideltamethrin EC/ha spra'v at 7, 14, and 21 DE, flowering stage: 20 g ai deltamethrin EC/ha spray during 50% flower set 
and lO and 20 d later 

0 a 1.0 a 0 a 1.0 a 1.21 a 
Untreated

62 d 2.2 b 14 d 14.3 b 0.64 c 
=Recommended practice 100 g ai carbosulfan STW/ha pelletized (cassava flour) sc-ed treatment, 10 g ai deltamethrin 

EC/ha sprays at 50% flower set and 10 d later 
6 bc 1.1a 25 bc .1a 1.02ab 

Recommended practice minus the last flowering spray5 b 1.1a 3 b 4.7a 0.94 b 
Low cost technology= 50 g ai carbosulfan STW/ha pelletized (cassava flour) seed treatment, 7g .i deltamethrin EC/ha 

sprays at 50% flower set and 70 d later
8 c 1.3a 11 cd 2.7a 1.00 b 

aAv of 5 replications (farms). Pelletized seed treatment = carbosulfan added to wet cassava flour paste, seeds coated with 
paste, then coated with dry cassava flour. bOphiomyiaphaseoli: 35 plants sampled. CAphis craccivora; aphid infestation
grade per plant: 1 - none, 3 winged adults only, 5 = small colony, 7 = several small colonies, 9 whole plant. 35 plants
sampled. dl0-m.row sample. eMaruca testulalis and Etiella zinckenella; 15 plants sampled. DAFS clays after 50% flower 
set. 
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Table 6. Weed weight, grain yield, and cost and return analysis of various weed control practices in UPLRi 7 upland rice.a 
Ane-i, Claveria, Misamis Oriental, Philippines, 1987 WS. 

Weed ,r--.n 	 Costs (S/ha) Returnsb (S/hal
(Weed control wight yield

(g/m 2 c it/hal Labor and Materials Total - MBCRc 
practice at 45 DE power variable 

costs 

1. HWat 14 & 28 DE 3.5ab 2.5a 33 - 33 338 305 11.7 
2. 	 HW at 25 & 40 DE 8.5 bc 2.4 ab 31 - 31 324 293 12.0 
3. 	 UW+ HWat 14& 17.3 c 2.2ab 30 - 30 297 267 11.4 

28 DE 
4. Pendimethalin (1.0) & 2.8 a 2.0 ab 10 23 33 270 237 8.6 

HW at PE & 28 DE 
5. 	Cult-a-eze (tine) + HW 15.1 c 2.0 ab 25 - 25 270 245 13.5 

at 14 & 28 DE 
6. IRC + HW at 14 & 21.4 c 1.8 ah 29 - 29 243 214 9.0 

28 DE 
7. Whizzle weeder + HW 15.6 c 1.5 b 39 - 39 203 164 4.4 

at 14 & 28 DE 
8.1RC at 25 & 40 DE (FP) 93.1 d 0.6 c 11 - 11 81 70 
9. No weeding 288.6 d 0.3 c - - - 41 41 

aDE = d aft'er emergence, HW = hand weeding, UW upland weeder, PE = preemergence, IRC interrow cultivation, FP = 

farmer's practice. Figures in parentheses are application rates in kg al/ha. bGross return = grain yield X price of rough rice 
at harvest ($0.135/kg); net return = gross return - total variable cost. CMarginal benefit-cost ratio (MBCR)= (gross return 
of treatment - gross return of farmer's weed control practice)/(total variable cost of treatment - total variable cost of 
farmer's weed control practice). 

Digilaria .wligera,and B.pfilosa were the dominant 
weed species, all the weed control treatments 
reduced weed weight at 45 DE compared with the 
untreated check (Table 7). Except for interrow 
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4. Net return curve of weed control practices to UPLRi-7 
upland rice. Ane-i, Claveria, Misamis Oriental, Philippines, 
1987 WS. (See Table 6 for key to treatments.) 

cultivation, weeding produced substantial yield 
increases. High gross returns and MBCRs were 
obtained with all treatments compared with the 
improved farmer's practice of interrow cultivation 
at 14 and 28 DE. 

Because of their comparatively low cost, pen
dimethalin plus HW and pendimethalin plus 2,4-1) 
dominated the rest of the treatments in terms of net 
return at a given weed control cost (Fig. 5). At the 

other site, where B. Iet'is and R. covhiiinhiensi. 
were the dominant weeds, the most effective 
treatments were interrow cultivation plus HW at 

and 28 I)E plus another HW at 45 DE,and 
pendimethalin plus HW. 

Maize. The dominant weeds in this experiment 
were B. Iaevis and D. seqera. All weed control 
treatments significantly reduced weed weight 
compared With thle uinweeded check (Ta- Ic 8). All 
treatments were highly profitable. The highest 

yields and gross returns were obtained with 
treatments I and 2. The highest marginal rates of 
return were obtained with treatments I awid 3 
(Fig. 6). Treatment 2 had a lower marginal rate of 

return because of its higher cost. 

Crop rotation. The effect of land pparation
 

a d weed control practices on weed growth and
 
yield were studied in three cropping patterns. 
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Table 7. Weed weight, grain yield, and cost and retdrn analysis of various weed control practices in UPLRi 7 upland rice.a 

Patrocinio, Claveria, Misamis Oriental, Philippines. 1987 WS. 
Weed Costs ($/ha) Returnsb ($/ha) 

Weed control weight Grain Labor and Materials Total MBCRc 

practice (g/m2 ) yield power variable Gross Net 
at 45 DE (t/ha) costs 

1. Pendimethalin (1.0) 2.7 a 5.8 a 15 23 38 783 745 25.0 
& HW at PE & 28 DE 

2. Hoe W + HW at 14, 28, 9.7 a 5.4 a 101 - 101 729 628 6.9
 
& 45 DE
 

3. HW at 14 & 28 DE 10.2 a 5.3 a 68 - 68 716 648 10.7 
4. HW at 14, 28, & 45 DE 8.7 a 5.3 a 76 - 76 716 640 9.4 
5. 	IRC + HW at 14 & 9.3 a 5.1 a 65 11 75 689 613 8.9
 

28 DE
 
6.IRC+ 	 HWat 14&28 16.2a 5.1a 102 11 113 689 576 5.7
 

DE + HW at 45 DE
 
7. Pendimethalin (1.0) & 20.6 a 5.1 a 2 28 30 689 659 30.6
 

2,4.D (0.5) at PE &
 
21 DE
 

8. 	 Hoe W + HW at 14 & 58.8 a 4.3 b 81 - 81 581 500 6.8 
28 DE
 

9.1RCat 14& 28 DE 238.5 b 0.8 c 11 - 11 108 97 
(IFP)
 

10. No we ding 361.9 c 0.4 c - - - 54 54 

aFigures in parentheses are application rates in kg ai/ha. Hoe W hoe weeding, IFP - improved farmer's practice. bGross 

!turn =grain yield X price of rough rice at harvest ($0.135/kg); net return = gross return - total variable cost. CMarginal 
=
benefit-cost ratio (MBCR) (gross return of treatment - gross return of improved farmer's weed control practice)/(total 

variable cost of treatment - total variable cost of improved farmer's weed control practice). 

r ,r, 	 ,t0
%0 l 	 Nitreturr 

rrd.rul ,,r ('0) 	 IK f Hoe W 8 UWf HoeW l 1418 28 DE 

62600 -R I1428ej142D 

005
 

11 612 

060
 

4C0 

68 

300 o13 

o
IRC nterfow culfitvola400 	 1OO r 
200 	 Hoe W'r hoe weeding 

UW upload weeder 

HV:hond weeding 	 DEmr1ays ofteremergence 

300 -)E :doys after emergence 100 -


P' p t-melrgence
 

0 	 .I I 

200 	 0 5 10 5 20 2') 30 35 
Cost or ,eed cryitiol() 

cu of 
100 O119li/c. Palitcinio ('laus ria.%isamis Oriental. Philippines. 

6. \CI ettnrn ol .ced'ontritl pracltics in llII Var I 

19.7 \VS. Se lable 8 hr k tr icainlols.)I\ 

D'o 50 75 100 125 7rul/pa aim(I rice - Iralsiq)/ani'(/rice. Weeding 
_ of wed corol treatments in the first crop affected the dominant 

5. Net return curve of weed control practices in UPI.Ri-7 
upland rice. Patrocinio, Claveria, Misanis Oriental, Philip- weed species in the unweeded second crop at 4 and 
pines, 1987 WS. (See Tahle 7 for key to treatments.) 7 wk alter transplanting (WT). HW once or twice 
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Table 8. Weed weight, grain yield, and cost and return analysis of various weed control practices in IPB Var 1 maize. 
Patrocinio, Claveria, Misamis Oriental, Philippines, 1987 WS. 

Weed Costs (S/ha) Returnsa (S/ha) 
Weed control 

practice 
weight 
(g/m2 )

at 45 DE 

Grain 
yield
(t/ha) 

Labor hours Labor and
animal 

Total
variable 

__ 

Gross Net 

MBCRb 

hours costs 

1. IRC+ HW& UW 
+ Hoe W, 14 & 28 DE 

11.3a 5.0a 19 5 24 625 621 25.0 

2. Cult-a-eze (tine) 4 HW, 8.9 a 5.0 a 30 - 30 625 595 17.0 
14 & 28 DE 

3. Hoe W, 14 & 28 DE 
4. IRC + HW & UW + 

9.7 a 
8.0 a 

4.9 ab 
4.7 abc 

19 
19 

-
5 

19 
24 

613 
588 

594 
564 

39.0 
22.2 

HW,14 & 28 DE 
5. IRC + HW,14 & 28 DE 42.7 ab 
6. IRC + HoeW, 14& 34.8 ab 

4.7 abc 
4.6 abc 

20 
17 

11 
11 

31 
28 

588 
575 

557 
547 

14.4 
16.2 

28 DE 
7. HW, 14 & 28 DE 
8. UW - HoeW, 14& 

5.7 a 
9.1 a 

4.4 abc 
4.4 abc 

34 
32 

-
-

34 
32 

550 
550 

516 
518 

10.9 
11.9 

28 DE 
9. UW + HW, 14 & 6.3 a 4.2 abc 29 - 19 525 496 12.5 

28 DE 
10. IRC & HW, 14 & 116.5 cd 3.9 abc 9 5 14 488 474 62.7 

28 DE 
11. IRC, .4& 28 DE 
12. UW,14 & 28 DE 
13.IRC, 28 & 40 DE 

!42.8 
103.0 
187.8 

de 
bcd 

e 

3.8 bc 
3.7 c 
2.4 d 

-
15 
-

11 
-

11 

11 
15 
11 

475 
463 
300 

464 
448 
289 

-
40.8 

-
(FP)

14. ,Joweeding 363.2 f 1.8 d - - - 225 225 -

aGrosss return = grain yield X price of maize at harvest ($0.125/kg); net return gross return - total variable cost. bMargin
al benefit-cost ratio (MBCRI = (gross return of treatment - gross return of farmer's weed control practice)/(total variable 
cost of treatment - total variable cost of farmer's weed control practice). 

in the first crop increased the proportion of hand weeded, E. colona became more dominant. 
Alonotchoria vaginalis in tile second but decreased When tile land was rototilled before mungbean 
the proportion of Echinochiha glahrescens. establishment, E.col/a was the d ominant weed 

Weeding treatments in tile first crop affected species, with dominance decreasing with increasing 
weed weight at 7WT in tile unweeded second crop. weeding intensity in the previous crop.
Weeding once or twice in the first crop resulted in HW in the transplanted rice (TPR)crop reduced 
lower weed weight in the second crop. The weed weight in the mungbean crop. There was also 
harrowing treatments applied before the second less weed growth in the rototilled plots than in the 
crop was planted had no effect oi, weed weight at 7 no-tillage plots. 
WT. HW in mungbean reduced weed weight, result-
HW in tile second crop reduced weed growth, ing in yitld increases. However, weeding in the 

resulting in yield increases. Harrowing for the previous crop did not affect mungbean yield.
second crop did not affect crop yield, but the level Yields were greater in the rototilled p!ots than in 
of HW in the first crop did. Plots that were hand the no-tillage plots. 
weeded twice in the first crop yielded significantly Minghean- traes'planwdrh'e. HW in mungbean
higher than those that were not weeded in that reduced the density and weight of .colona in the 
crop. lollowing TPR crc p but did not affect the total 

Trans dantvd ri'e-mtn~ghean. When zero tillage weed weight beca, ,of the presence of other weed 
was used for mungbean establishment, Fiinhrist'ylis species. 
miliacea, E. cohoa, Lindernia spp., and E. The tillage treatments applied before trans
glahrescens were dominant when the previous crop planting rice affected weed growth at 4 WT. 
was not weeded. When the previous crop was Compared with one harrowing, two or three 
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harrowings reduced the weight of E.cohma but higher than that of bentazon-treated plots (Table
generally increased that of (rperts rotunths. 9). The untreated check gave no yield because of 
Total weed weight was also reduced with more high S. maritimus population.

harrowings. Diffcrences 
 in weed weights among When maize was intercropped with soybean, the 
treatments were no longer observable at 7 WT. highest yields were obtained with hand weeding.

The TIIR crop produced no yield in the Both herbicide-treated and untreated plots gave
unweeded plots because of intense weed growth. low yields because of uncontrolled broadleaf 
The hand-weeded plots that were harrowed two or weeds. Where maize was planted alone, hand
three times belore transplanting had higher yields weeded plots produced the highest grain yields.
than those that were harrowed once. Tillage and The untreated check yielded low because of mixed 
weeding treatments applied to the previous mung- weed pressure.
hean crop had no ef'fcct on rice yield. In continuous IPR cropping in WS, rotary-

Control of weed species. Scirpus marilimus. In weeded and herbicide-treated plots gave similar 
drv season, the grain yield of rotary-weeded plots yields, which were higher than that ofthe untreated 
ina continuous TPR pattern was significantly check (Table 10). 

Table 9. Effect of weeding method and cropping pattern on crop yield and population density of weeds.a IRRI, 1987 DS. 

Cropping pattern and cWeeds (no./m3)
 
weeding treatmentb Yield Broadleaf Grasses Sedges Scirpus Cyperus
 

weeds maritimus rotundus 
Continuous TPR Rice (t)
Rotary weeding 3.8 a 4 0 11 90 0Bentazon (1.5 kg ai/ha) 2.9 b 0 8 0 99 0No weeding 0 c 0 0 0 1142 0 
Uplandcrops. TPR Maize (ears) + soybean (kg)
Hand weeding 31,500 a + 805 a 45 6 8 0 0

Butachlor (1.5 kg ai/ha) 9,500 b+ 605 a 
 151 6 0 0 0
No weeding 7,750 b+ 425 a 273 0 0 0 0 
Maize rainfed bonded DSR Maize (ears)
Hand weeding 25,000 a 37 3 3 1 12Butachlor 19,000 ab 194 32 0 8 7No weeding 9,500 b 60 36 18 0 0
 
aAv of 2 replications. bTPR = transplanted rice, DSR 
= dry seeded rico. CWithin a cropping pattern, values followed by a common letter are not significantly different at the 5% level by DMRT. 

Table 10. Effect of weeding method and cropping pattern on rice yield and population density of weeds. a IRRI, 1987 WS. 

weigtreatmentb Rice Weedsb (no./m')Cropping pattern ano yield

weeding 
 (t/h Broadleaf Grasses Sedges Scirpusweeds 

maritimus
 
Continuous TPR

Rotary weeding 3.8 a 37 22 304 47Bentazon 3.5 a 41 48 101 87No weeding 0.3 b 17 7 280 956 
Upland crop. TPR 
Rotary weeding 3,9 a 24 54 497 14Bentazon 3.8 a 29 5 320 12No weeding 1.4 b 414 611 128 
Uplandcrop rainfed bonded DSR
Hand weeding 1.4 a 34 5 22 2
Butachlor 0.9 b 63 4 9 4No weeding 0 c 82 9 201 2 
aAv of 2 replications. bThere was no Cyperus rotundus. 
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In upland crop - [PR, yield differences were 
similar to those ilconlituots TPR. Yields of 
untreated plots were low because ol'the annual 
sedge F ti/ijae'a. 

InI dly seeed, rainitled, buinded rice following
tnai/e, yields were higher with hand weeding alone. 

Bltachllor-Ircated plots ga e low yields because of' 
Ma'rolli/iimn /w//1i'roi/"'s and l/,))/, If'ilobu. 

nireted Ilots gave /ero yieldls hcas of 
broadleal weeds and other an nual scdges. (Cy/rus 
rounduls was n[ot foull iI aty oflthe plots. 

Sa/l-mi(I 11oh, a. The eftect of drving on Salvinia 
molc.tia was examined illa pot trial. Plastic pails 
were half-filled with lowland puddlcd soil, and 
sufficient S. nolsi wats atdded so tha there was 50 
or 10(i weed cover. The weed was allowed 1o 
grow for- I Wk )eforC it \Vas subjeCted to 1-7 d of 
diig. AI he soil was flooded with 10 cm water[of, 
alter each dryiig period to determine the recowery 
percitage. 
S.11desha was very sensitivc to drying. Few 

Table 11. Percent recovery of Salvittia molesta as affected 
by length of drying. Iloilo, Philippines, 1987 DS. 

Rezovery (%with weed 
Length of drying cover of 

(d) 
-0% 100% 

1 95.0 c 95.0 c 
2 57.5 b 88.8 c 
3 
4 

14.0a 
1.3 a 

31.5 b 
6.0 a 

5 0.8 a 1.3 a 
6
7 0.4 a

0 a 
0.9 a
0.5 a 

plants survivcd after 4 (1of ldrying (Table I I).No 
weeds recovered with 50( weed cover after 7d of 
drying, while only 0.5 j recovery was observed 
whti there \\as 100(' weed cover. Ibis1illustrates 
the signilicancc of fiek! drving in tlie contro lof S. 
mout'sa and why it is less imlportanit in raiili d 
r''cliclds tian ill irrigated fields. 
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P'ARI Al IIY I I(AilF) I:NVIRON NI [:NT Ruinfoll (mm) 

- 1986-87,/hulil/c ('ropping and .IgronomjDelaroments 600 

The partially irrigated proJect in Guiiba, Nueva 500 -1963-85
 

EciJa. Philippines, \kas begun in 1984 to diagnose
 
constraints to crop diversification and to develop 400 
 /
component technologies to enhance the produc
tivity of land, labor, and capital. )etails about the 300 
site and research mct hodologics were given in the
 
Annual reports for 1984 and 1985. The cropping 200 
patterns and rainfall are sumnari/ed in Figure 1.
 

Crop sequence evaluation. The objective of the 
trials was to develop cropping patterns that farmers 

_ [[L 
can Manage on tlurod (tipper st.ratum) and lungog(lower s'ratum) land to produce higher returns to 0
 

F-r-F--r I 7 - 1
land, cash inputs, and labor than present patterns A M J J A S 0 N D J F M
 
and, in the process, to determine irrigation Turod I,TiIf ' PR - UC 7 ' // 

management that would distribute limited arJ Turod 1,1, _ M/u 
 uc ,7 
costlv water efficientlv. Lungog TPRPR ,7 _ 

Thirty-one farmer-cooperators tested cropping Lungog TIT _/ TPR Y/Raoon TPR 
patterns dcsign,d for a partially irrigated environ
ment in two deepwell systems within the villages of' 1. Raililall distrihitinn aid clropping palefn at 111Cparlial;

iiitietld site' in (iuhinha, Nuca Fciia. Philippines. 1963-87.Bantlug and Macatcatluilt. ThilrteeI of the test fields I I R = Hn ,pISn cd IcC. GIM glccn1 mMiCUlt. I(( up!illd 
were on turod and 18 0,i1 lIungog land. (I ungog clop. 
land is lower lying than turod land and therefore 
easier to irrigate for rice but harder to drain for 
upland crops in the dry season I1)S1.) The present 1985-86, and research was conducted to determine 
service areas of Bantug and Macalcatit are 75 and the extent of yield limitations imposed by solar 
60 ha, icjectively. radiation, high temperature, and strong winds, and 

Agronomic pueformance. For evaluating the how to overcome their negative effects. On turod,
agronomic performance of individual crops in- maie and other upland crops were tested during
cluded in the cropping pattern design, tile crop year the 1986 transition season. 
(CY) at the research site was divided into three /986 t, aniision .eason m/aizv on iiro. The 
seasons: the wet season (WS) (June to October), mean yield of nai/e on 9 cropping pattern test 
the traisition season (November to .January), and fields using IP1B was 4.33 t ha (Table I), an 
the late )S (February to May). increase of 1.70 1 ha over yields obtained in 1984. 

A major difference vith respect to field opera- The mean yield of' SMC 305 (4.63 t/ha) was 
lions and crop adaptation occurs during tHie conparable to tie yield obtained in 1985 
transition season. Tur,.d fields drain more quickly (4.52 t ha) using the same hybrid maize. The soil 
than lingol,' fields, enabling uplnd crops to he 
established in turod fields sooner after WS rice 
harvest. As the watertable recedes during the onset Table 1. Grain yield of maize or turod in Guimba, Nueva 
ol )S, luingog fields also drain, but not as quickly Ecija, Philippines, 1985-86.
 
is turod lFields, so a :;econd rice crop following WS
 
rice would be the best us'' of lungog fields during Variety YjLld It/ha)
 
tile transition period. But because of weather 
 Mean Range 
coritraints, yields of tile second rice crop oii 
lungog had been low: hence the establishment of IPB 4.33 3.23-5.90

SMC 305 4.63 3.09-6.22the second rice crop was suspended during CY 

http:3.09-6.22
http:3.23-5.90
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was allowcd to dry sufficiently after WS rice, and Table 3. Maize yield and yield components as influenced 
-flush irrigating followed hv land preparation when by N rate ar: irrigation frequency, Guimba, Nueva Ecija, 

tie soill moisture approached field capacit enabled PhilippineF. 193 

tarniers to prepare the!,- fields easily. Secondary 	 Giain 100-grain Ear 
tillage reduced the si/c oflarc clods formed during Treatment 	 yield weight length 

fit/ha) (g) (cm)
primary tillage and unproved soil-seed contact. 
Ihe consequeIlt ilnCrease 'i crop ellegence re- 80-30-30 kg NPK/ha 

suilted Iyields >6 t ha insoefieds. 34 irrigationsirrigations 3.6 20.6 10.14.7 22.1 11.1

Ile suibstantially imInproved mIaC yields during 5 irrigations 5.0 23.5 11.5
 

CY 1986-87, are still helo\N the 8 t ha possible with 120-30-30 kg NPK/ha
 
hvhrids. Ixperimcnts wcre conducted to e\aluate 3 irrigations 5.9 24.5 12.6 
the leasibility of seeder planting over hand planting 4 irrigations 6.0 23.9 13.2 

-tinder different tillage conditions and also to 5 irrigations 6.9 25.2 14.0 
CV M% 7.8 5.7 5.0determine 11leelfect of irrigation Ifrequency and C S ) 7.8 5.7 5.
LSD 10.051 0.01 2.0 0.9 

N rate on mai/e yield. 
[he studx on the elfcets of tillage and planting 

mnetllods suggested tfiat inai/e yield is depend-nt 
On crop stand at har\est (Table 2). The no-tilhage irrigation levels. Increased NPK uptake improved 
treatnclit showed significantly higher crop stand the yield linearly (Fig. 3). 
than the tillage treatnlents, probably because l'tlie 1986 l'atrsisionseason rice oni hlunog. Studies 
hiieir ioistiure l,.1ses when the soil was disturbed indicated that three weather factors--solar radia
turlog tillage. Intifled soil, better grain yield was tion, temperature, and wind -limited the yield of 

obtained fron seeder plantiig than from hand rice grown dtiring the transition season. A wind 
planting. barrier experiment was conducted within the 

(Grainyield increased with N rate and irrigation service area in Banlug to evaluate the performance 
(Iahle 3). Higher N rate and irrigation frequency of IR64 wher, fully or partially protected fron 
caused greater d-rv ilLit'er production and trans- strong winds. A plastic wind barrier was con
location of photosynthetic products, and con- structed along three sides of the fully protected
seqIueritly arger eftetive car siue and seed si/c. plots. Full protection gave signifcantly higher 

NPK uptake increased with irrigation frequency grain yield, taller plants, and more filled grains 
(Fig. 2). Significaritly higher N uptake occurred than did either partially protected or unprotected 

Sith 120 kg N ha than with 8() kg N ha at all treatments (Table 4). 
Eleci oflgatting c/ale on rice 'iehl. One major 

constraint to growing i second rice crop in the 
Tible 2. Effects of tillage and planting method on maize transition period is low yield. To determine the 
yield and plant stand. Guimba, Nueva Ecija, Philippines, 
1985.86. cause of low yield, an experiment with 7 trans

planting dates at 3-wk intervals was conducted 
Tillage method Hand planting Seeder planting from 7 Oct 1986 to 10 Feb 1987 with 2 N levels- -60 

Plant stand (plants/i 2 ) and 120 kg N 'ha. The study was laid out i a 
No tillatia 6.8 6.1; split-plot design, with N levels as main plots and 
Conventional tillage 5.1 6.8 date of planting as subplots. N was applied 1/2 

tt 4.3 6.6 basal and I 2 at panicle initiation. Tfie treatments 
CV (%) 13 

L.SD (0.05) 1.2 were replicated fotir times, and the experiments 

,rain yield (rihal were established at three locations: Bantug, 
No tillage 3.759 3.144 Macateattiit, and Curva. 
Conventional tillage 3.976 3.144 Increasiig N rate did not increase IR64 grain 
Rototillatie 2.268 3.669 yield at any location. Early planting dates (7 Oct -

CV (1) 	 14 18 Nov) inBantug and Macatcatu't Yielded signi-
LSD (0.05) 	 00.96 

ficantly lower than late planting dates (Table 5). In 
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N uptake (kg/ha) Puptake (kg/ha) Kuptake (kg/ha)
180 80 80 

?38 
160 593 70 70 

- LSD 1P34 
1~33 60- P 60 LISO 

140 

(kghat 129 
120 0-30-30 

50 0120-30-30 

100 
40 40 

LSD
 
80-8 

30
60 

40 20 

20 10 

0 03X 4X 5X 3X 4X 5X 3X 4X 5X 
Irrigation frequency 

2. Nitrogen. phophoru.,, itd i lassiun uplak, hs maiei/ a 2 nltriCnt lev.ls and 3irriation levels, 1987 l)S. 

Grain yield (I/ha) 

7 - Y 8+O037TN 0Y- 29+0103T12 Y:498+022TK1 
1r

20818 0 r54 0 r2:0 25 0 

6 0 0 0 0 0
 

/ I o oso
 
5 0 0 

0 

N(kg/ha) 0 
020-30-30
 
080-30-30

I 17 

v161-037M ~ V 2 tS+0!5rPB 0 Y-2 16+0046TK8 
3[ilr : 88 1L l r

2 
-084 1 ,1204 0 11
 

0 50 90 130 170 
up


0 10 15 20 25 040 50 60 70
N uptake (kg/ha) Puptake (kg/ha) Kuptake (kgj/ho) 

3.RIationship hbetween grain yield and NPK uptake at 2 nutrient levels. 1987 DS. 

Table 4. Effects of wind barrier on the yield and agronomic characteristics of IR64. Guimba, Nueva Ecija, Philippines,
1986. 

Grain Plant
Treatment yield 

P-:nicle Filled 1000-grain
height length grains weight

(t/ha) (cm) (cm) (na./panicle) (g) 

Full protection 3.5 a 65.5 a 17.0 a 59.9 a 25 aPartial protection 3.2 b 60.2 b 16.2 a 51.7 a 24 aOpen field 3.0 b 62.7 b 16.0 a 46.1 b 25 a 



Table 5. Effect of N and planting date on IR64 yield in a 
partially irrigated environment. Guimba, Nueva Ecija, 
Philippines, 1987 transition season. 

Grain yield (t/ha) 
Planting date 

Bantug Macatcatuit Curva 

7 Oct 2.7 3.0 3.1 

28 Oct 3.4 2.9 3.2 
18 Nov 2.7 2.3 4.5 
9 Dec 3.2 2.9 4.230 Dec 3.4 3.6 4.3 

20 Jan 3.8 4.5 4.5 

LSD (0.05) 0.3 0.5 0.5 

CV (%) 10.0 14.7 13.1 


Wind run (mis) 

6A 

2

0' 

Minimum temperature (oC) 

26 

24 

18
 
n nI ' 

22 

18 

16t 

,Jan 
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Curva, the October plantings yielded significantly
lower than the November-January planting dates. 
The wind run and the minimum temperature at the 

three locations were compared. With early planting
dates, exposure to high wind velocities was more 
frequent in Bantug and Macatcatuit than in Curva 

(Fig. 4), probabiy because the thick bamboo groves 
and other trees near the experimental field in 
Curva acted as wind barriers. The number of days 
of exposure to temperatures below 19 'C was 
about 50% less in Curva than in Bantug and 
Macatcatuit. Panicle exsertion and sterility 
(number of unfilled spikelets) were not affected by 
exposure to low temperatures, as they had been in 

- Curvo 
- eontug 
.... Mocotcoiuit 

, 

,l' " ' I I 

Feb Mar 

4. Wind iun and minimum temperature during .lanuary-March 1987 in Curva, Bantug, and Macatcatuit, 
Guimba. Nueva IFci.ia. Philippines. 
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IR58 during the 1985 transition season (Annual 
report for 1986). 

1986 late' cr/'season munghean on trod. 
Mungbean (Pagasa I) was established on turod to 
complete the cropping pattern rice - maize 
mungbean. Mungbcan is of interest to farmers in 
the project area as a late DS crop because it yields
well, is relatively easy to establish, does not require
fertilizer, competes well with weeds, requires only 
70 d in the field, and has agood price in the local
market. 

M unghean yields ranged from 0.97 to 1.13 t/ ha 
in different strata. Mungbean was not planted on 
lungog because test fields had standing water at 
planting time. 
IR64 performance hiring 1986-87 wei season. 

Mean yields on the two landforms are summarized 
in Table 6. Yields in Macatcatuit were higher than 
in Bantug. The response of rice to P and K was not 
significant: however, grain yield responded up to 
120 kg N!/ha, but the increase was only 0.6 t/ ha 
over the yield with 80 kg N/ha. 

I:stabli.shment qfrice. Labor and power are two 
potential constraints in partially irrigated environ-
ments that often increase the cost of rice produc
tion. The performance of the IRRI transplanter 
was compared with that of the row and random 
transplanting methods. Two land preparation 
methods were tested to determine if the mechanical 

transplanter could perform equally well under the

farmer's land preparation method of one plowing

followed by !wo harrowings. No significant mean 

yield differences were 
observed among establish-

ment and land preparation methods, indicating 

that the IRRI transplanter can perform equally 

well under farmer's traditional land preparation 

methods without vield reduction. The transplanter 
can transplant I ha in about 6 labor days, compared
with 14 labor-days for the random planting method 
and 23 labor-days for the row planting method. 

In another experiment, the IRRI drum seeder 
was compared with broadcast wet seeding and 
hand transplanting using 1I58 and IR64. Hand 
transplanting gave significantly higher grain yield 
than wet seeding by the drum seeder or hand 
broadcasting (Table 7). However, transplanting 
took about 14 labor-days for I ha, again;t 5 labor-
days for the same area using the drum seeder. 

I.iect o/'plant densitt on rice yield. We studiedthe V 

planting distances. Closer planting caused signi
ficantly higher grain yields than did the recom
mended 20 X 20 cm (Table 8). The yield increases 
were attributed to more productive tillers. N rate 
did not affect grain yield. 

FAVORABLE RAINF'I) E-NVIRONMENT 
Au1hip, Cropping atUl Agronomn, Delmrients 

Work at the favorable rainfed lowland site was 
begun in 1987 WS. The major research issues are to 
I) increase crop intensity and improve the produc
tivity of land, labor, and capital of small rice 

Table 6. Grain yietds of 1R64 on 2 landforms. Guimba, 
Nueva Ecija, Philippines, 1986 wet season (WS). 

Grain yield (t/ha)
 
Location 
 Mean 

Turod Lungo 
Bantug 4.9 4.2 4.6
 
Macatcatuit 4.9 
 5.4 5.2 

Mean 4.9 4.8 

Table 7. Performance of IR58 and IR64 under 3 methods 
of crop establishment. Guimba, Nueva Ecija, Philippines, 
1987 WS. 

Variety 
Drum seeder Broadcasting Transplanted Mean 

R58 4.1 4.4 5.0 4.5
 
IR64 4.1 4.0 5.1 4.4
 

Mean 4.1 4.2 5.1 
LSD (0.05) 0.3 

Table 8. Effect of transplanting distance on the yield and 
agronomic characteristics of IR64. Guimba, Nueva Ecija, 
Philippines, 1987 WS. 
Planting Grain Productive Total 
distance yield tillers dry matter 

(cm) It/ha) (no./m2 ) yield (t/ha) 
5.0 350 8.9 

20 X 15 5.2 427 8.9 
15 X 15 5.4 512 9.4 
10 x 10 5.6 716 9.5 

LSD (0.C7) 0.4 73 ns
CV (%) 9.2 17.6the performance of IlR64 at three N leve,s and four__________________ 13.2 
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farmers in rainfcd lowland areas; 2) develop planted because the seedlings were too old. As a 
management techniques for improved cropping consequence, only 12 fields were harvested. Five of 
patterns: 3) obtain estimates of labor and power these received supplemental irrigation from shallow 
profiles for the alternative patterns: and 4) deter- well pumps. Eleven fields, including the 4 wet 
mine farners' prescit resource use, and the costs seeded ricefields, ended in complete crop failure 
and returns of existing patterns. because of \VS drought. In the other fields, crop 

Agronomic performance in 1986 wet season. establishment was far behind the designated period. 
The cropping patterns designed for the favorable lhe mean grain yield of IR64 at the rainfed site 
rainfed environmeni for CY 1986-87 are presented was 3.0 t ha across strata. There was no significant 
in Figure 5. A total of 24 farmer-cooperators were difference in yield among strata or between rainfed 
selected, 8 from each stratum. fields and those with supplemental irrigation. Old 

Farmers started preparing the seedbeds in mid- seedlings and the long drought were the main 
.June after a 115-mm rainfall from 14 to 19 fun. reasons for the low yields. 
However, the cumulative rainfall from July to Performance of Sesbania rostrata in farmers' 
October in ('Y 1986-87 was less by 400 mm than fields. Sshania roslralta was planted as green 
that in CY 1985-86. Because of this deficit, water manure (GM) for the prerice crop in three fields in 
was not able to accumulate in the fields to permit stratum I1.Five N levels were stiperimposed in the 
puddling. a necessary operation for transplanting, main rice crop with GM and another in an adjacent 
until very late. The average age of seedlings that field without GM. The results are summarized in 

ere transplanted in 12 fields was 50 d. Four fields Table 9. GM alone increased the yield of rice by 
in stratum I were wet seeded rather than trans-	 0.6 t/ha compared with the no-GM treatment. 

GM supplied between 30 and 60 kg N/ha. In 
aeneral, the average yields of N + G M treatments 

Rainfall (mm) were higher than with N alone. The low yields 
600 obtained in this study were due to drought and old 

-- 1986-87 seedlings. 

Ill
500- 1963-85 another study, S. rostratia vas co.ared with 
0,20, 60, 80. iid 100 kg N/ha as urea. The crop 
was given supplemental irrigation. S. rostrata 
seeded in April with a total fresh biomnass of 
12.8 t, ha at incorporation gave a 4.7 t grain 
yield, 	ha and could therefore substitute for up to 
08kg N ha as urea (Tablel0). This study also 

2. 	 demonstrates tile feasibility of establishing S. 
-ostraia in April with Iero tillage. Howve\-cm 

100 

Table 9. Effect of N levels on the yield of :1164 with and 
0. 	 without Sesbania rostrata. Stratum II,rair fed environ-

L/ I I I I I I I I . ment, Guimba, Nueva 	 Ecija, Philippities, 1987 WS. 
A hl J J A S 0 N D J F '1 

CroppIng plf/erns Grain yield' (t/Wa) 
Actual TPR , N level 

Strata1, / TPR /7 UC / 	 With 6vi Without GM Averiile 

Stroto,fl1 '/6M&,/ TPR /7 TPR . _ 0 2.5 1.9 2.2 
30 2.9 2.3 2.6Strooa / WSR / "U u / 60 2.8 2.8 2.8 

Strata l, 7 /TPR/ uc 90 2.7 2.2 2.5 
120 3.0 2.2 2.6 

5. Rainhall ;iodC\ltl 11and dc,,igltld crppillg II Stllatt Average 2.8 2.3
 
nailcd hlo~mdl~4ileill( iibha. Nue .a FcIiii.
Ph11hppuwL.
 

1987. 1lPR - transplanted ricc. u(' - upland crop. GM aAv of 3 fields with green manure (GM) and 2 fields 
gien maniurc. W.SR w\.t ccdCL rice. without GM. 
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Table 10. Comparative effect of GM and inorganic N on 
the yield and agronomic characteristics of IR64. Rainfed 
lowland environment, Guimba, Nueva Ecija, Philippines, 
1987 WS. 

Grain Productive Plant 
Treatment yield tillers height 

(t/ha) (no./m 2 
(cm) 

Control (0 N) 3.6 261 86.6 
Urea a20 

20 kg N/ha 3.6 267 88.0 
40 kg N/ha 3.9 292 90.0 
60 kg N/ha 4.2 295 93.7 
80 kg N/ha 4.4 338 96.6 

100 kq N/ha 4.8 363 97.2 

Sesbania rostratab 4.7 302 95.7 
S. rostratac 4.1 301 91.5 

LSD (0.05) 1.1 46 10.6 
CV (%) 17.6 14 7.7 

bUrea applied split, '1 basal + , at panicle initiation.
bSeeded 21 Apr, with an average fresh biomass of 12.8 
t/ha. CSeeded 5 May, with an average fresh biomass of 
10.0 "/ha. 

farmers encountered incorporation problems due 
to delayed rains. In a few fields, S. rosirata grew 
tall, and traditional eqtfipmmnt could not be used 
fur land preparation and GM incorporation. Thus, 
a GMIchopper is needed [Or rainfed areas. 

Dry seeded rice establishment. Because of' 
uncertain rainf:ill, farmers often transplant old 
seedlings under rainfed lowland conditions, thus 
reducing yield potential. Dry seeding may allow a 
short-duration upland crop to be planted in late 
October to early November before rice. A field 
study was conducted to compare the inverted-T 
and the plow seeder developed at IRRI with the 
local lithao and traditional wooden plow. The 
seeding rate was 100 kg/ha using 1864. The yield 
and agronomiccharacteristic of rice in stratum l as 
affected by establishment method arc presented in 
Table II. The inverted-T seeder tinder full tillage 
gave the highest yield of 6.3 t,/ ha but was com-
parable to the plow seeder and the traditional drill-
in-furrow method. The advantage of the inverted-
I was the significantly greater number of emerged 
seedlings, resulting in more productive tillers. 
Treatments did not cause differences in panicle 
length and plant height. 

Table 11. Yield and agronomic characteristics of IR64 as 
affected by dry seeding method. Stratum I, rainfed low
land environment, Guimba, Nueva Ecija, Philippines, 
1987 WS. 

Method of Grain Productive Emergence 
dry seeding yield tillers Em er ) 

(t/ha) (no./m ) (count/linear m 

Drill in furrow 5.5 ab 434 43.0 c
 
Lithao 5.4 b 485 35.8 c
 
Plow seeder 
 5.7 ab 470 36.9 cInverted-T, 6.3 a 561 90.3 a 

full tillaqe 

nverted-T, 4.2 c 447 63.0 b 
zero tillage 

CV %) 9.8 16 22.44 

UILIAN) RI('IE FNVII()NMI:NT 

/lrollI1?~' J)t'[.rnieni 

Root distribution and soil moisture of rice 
sugarcane intercrop. Because little is known about 

how intercropped species share water resources 
when subjected to a water deficit, we studied root 
and soil moisture distribution in a rice + sugarcane 
intercropping system. 

Field trials were established in cooperation with 
the University of the Philippines at Los Bafios. 
Sugarcane was planted at the Central Experiment 
Station in a double-row pattern in July 1987(WS). 
I)istances between ilternate rows were 0.75 and 
2.25 m to give the average row spacing of 1.5 m 
used by most sugarcane growers. A'rice + sugar
cane intercrop was established by planting 8 rows 
of Mansanaya upland rice about 25 cm apart in 
the 2.25 m sugarcane interrow. An upland rice 
monoculture was also planted with a 25-cm row 
spacing. 

At most soil depths, the root length density 
(RII)) of rice was greater than that of sugarcane 
(Fig. 6). For both crops, RLD was nearly fully 
established by 30 d after seeding (DAS). During a 
period of relatively dry weather in early July, from 
40 to 70 DAS, the rice monoculture and rice + 
sugarcane used more soil moisture, and had greater 
soil moisture tension (SMT) than the sugarcane 
monoculture(Fig. 7). Rice + sugarcane had higher 
SMIT because it fully utilized the area in the 2.25-m 
sugarcane interrow, whereas there were no sugar
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Rice monoculture Rice ,ntercrop 

4 / -7- 5l,/7 9 4Z 

300 

Sugorcane monoculture Sugarcane intercrop 

]93 

010 

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
Soil depth (cm) Soil depth (cm) 

6. Root length density versus soil tepth and days after seeding for rice and sugarcane monocultures and intercrops. Central 
[xpcriment Station, IUniversity of the Philippines at Los Ilafos, 1987 WS. 

Soil moisture tension (kPo) 

80
 

Sugorcone monocrop Intercrop Rice monocrop 

Soil depth (cm) 'I60----15 _ 

40 
'I Ia a I 

It 

20 -I __ I ' I 

0 
Jul Aug Jul Aug Jul Aug

Date 13 20 27 3 10 17 13 20 27 3 10 17 13 20 27 3 10 17
DAS 30 37 44 51 58 65 72 30 37 44 51 58 65 72 30 37 44 51 58 65 72 

7. Soil oistture tension at 15 and 45 cm soildepth in the middleof2.25-m interrow for sugarcane monocropand rice+ 
sugarcane intercrop and in between 25-cm interrow for rice monocrop. Central Experiment Station, University of the 
Pilippines , Ir.os IBafios. 1987 WS. [)AS = days after seeding. 

cane roots in the center of the large interrow. On an alternative interpretation isthat the rice was less 
the other hand, SMT was lower in the intercrop stressed in the intercrop than in the monocrop,
than in the rice monocrop. Although this result perhaps because of a windbreak or shading effect 
may be interpreted to indicate that the rice of the sugarcane. Rice yields were low in this 
monocrop was a better extractor of soil moisture, experiment because of the variety's long duration 
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and susceptibility to blast (Il). Future research will 
emphasize H-resistant varieties with duration of' 

less than 100 d. 

A'ID UIPANI) ENVIRONMFNI 

Ahultipe ('ro)pinjfi and /4griclilltiral!:'vo)Voics 

Deartn__' 

Agronomic evaluation. The dominant ield crop 
patterns at the acid upland researchsite in Claveria, 
Misamis Oriental, Mindanao, Philippines, (Oxic 
Dystropept, pH 4-5) are maize - maize and upland 
rice - fallow. A major research objective is to 
develop crop sequences and management p actices 
to raise and sustain yields and econmic pr dtic-
tivity, that is, to revet se the steady declines in these
 
factors presently heinie observed. The inclusion of 

legume crops in the setquence is a na jor reserch 

issue to diversify th, cereal-based system and 

increase the levels )f rologically fixed N in tile 

cropping system. 


Three cropping pattcrIs containing upland rice 
(IJR), maize (M ), co\\s e.t (Cl)), peanut ()), and 

imUngbean (M B) were proposed for CY 1986-87 

based on tile results of ('Y '
1985-86 (Annual report 
f'or 1986). During tile design phase, two of the 
patterns were deleted because of poor perlornance. 

The alternative cropping patterns are graphed 
against the weekly rainfill distribution f(or 1986-87 
in Figure 8. 

The establishment dates for all the implemented 
patterns were ihout 3-4 x%k later than the proposed 
patterns because of delay in the onset of' rainfall. A 
midseason drought also occurred. l)ue to these 
f'actors, the farmers revised the cropping patterns 
in consultation with the r search stal to produce 
six variations of the original three patterns (Table 
12). The variations invol\ed the deletion and 
substitution of' component crops to improve the 

agronomic adaptation of the cropping pattern. In I 
tile UR - M -CP, 1)pattern. M s\ as deleted because 
tlthe extended niaturity olthe preceding tJ Rcrop. 

1)In the ('P - M - C'. pattern, the last crop (('P or 
I)) was either changed to MB ir left unplanted. 
P was not planted because M harvest was late. In 

)the JR + Ci'P/M pattern, one variation was the 
deletion of' M. 

Proposed 
_-- R 120) Ml (n) I cP101o) _ 

I CP(70) Zl M (110) 7/i/ Cp~p(iO) / 

L R /O P010) 

Implemented 

(150) /i ; P 

-

LIR 
C,' 

u- MB 
cP . 

__ / P uR76 P / ...... 

Rainfall (mm ) 

100i 
1-, 

Week 14 18 22 26 30 34 38 4? 4- 50 , t 0 

L L 1 i J__J -1i 1L-_I -L 
Month A M J d A 00 N D d F M 

8. I'rnpo d iin C'(l l l P , viplh'dLIIHllInIdICI pJ1l0 illn, 

al, hll.t \kc'cklI, rdailall ishli tilioii. (I\.ci'Ia %isa,,i1s()licntal. Philippines,. g'€-'7 I IR upland I L'C.\1 111,l/c 
,('P C Ima.P rL'1n . \lit ill2hL'1lli+ illh.'l, in b s 

ilLliC;itC Culip (1111i1iiil( ii., i t hlh' t011n hiles. l r1Iarond 
lime1d ). 

Table 12. Frequency of proposed and implemented crop
ping patterns. Claveria, Misamis Oriental, Philippines, 
1986-87J1 

Proposed Frequency Implemented 
pattern pattern 

UR-M-CP, P 15 UR-P 13 
UR - MB 2 

CP -M- CP, P 11 CP M 11 
UR+CP/M/P 15 UR+CP - P 1 

UR+CP - MB 1 
UR+CP/M/P 13
UR+aP/M/P 13 

UR = upland rice, CP ; cowpea, M = maize, P - peanut,B nunfiban, - sequential planting, i intercropping,
/ relay crolpin!g. 

Mean yields of the crops during 1986-87 were 
low because severe drought from the third week of' 
August to the second week of Septetnber seriously 
affected the UR cultivar UPLRi-5 during its 
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reproductive phase (Fig. 8). Other crops such as Table 13. Summary of crop yields in the executed crop
('J) in(d M wcrc not iu the critical reprodtlc.1i\1e ping patterns. Claveria, Misamis Oriental, Philippines, 

phase when tie drought octcu: red. 1986-87. 

(top yields in the executed cropping patterns Executed Observations Yielda t/ha)
 
arc pcscntcd in Ta',lc I ). I IR\ields were 1.9 and cropping (no.)
 
1.7 t I'a for the I lR - 1 ) id I \- NI [ patterns, pattern
 

I Itc \'i'e \\cre about 50),of lie [)\ yields in UR - P 13 1.9 0.33 (1) ves 

(CYIt&/.'-8 Alt tgh ('P v\as allcected by pod UR-MB 2 1.7 0.00 

borer.', yIilds mrw,.cd 0.94 t h+.aintile' )- M CP-M 11 0.94 2.42 
bl UR+CP -P 1 2.20 1 0.71 0.22 -

pattern. 1lie I!R i UPinterrco) Was illso UR+CP 1 0.87 +0.66 0.00 seriotisly - MB 
;1l c'iCd bWthe dronl. . "he yield (,II R in this UR+CP/M/P 13 1.25 + O.i 0.25 (9) 0.27 
pat tcrn batcheC\ccedcd I.0 1 ha except iII a field dThe yields of the farmers' traditional systems are as 
plahted to ( I R f (P - \\ hich \ ichled 2.2 t ha. - maize, 1.5 and 1.2 t/ha. bNumbers in the1'. follows: maize 

('1 l
\chds wCe'redulced hI',,isinlch as 75" ol' the parentheses represent the frequency of failures. 

lit0l;sotclCtur \ icid. Ihe rclay esttallishment of, M
 
III((the roCs b\ [hlot
by (JIs successftl. 
:11d \1 \Ieldeit
X~l'o\ . Table 14. Turnaround time between crops in the implemented cropping patterns. Claveria, Misamis Oriental, 

lie \'ields of M Iolowing CP it tt c ( ' - M Philippines, 1986-87. 
pattern \,Crc tlodetatc. a\eragiii 2.42 t ha. M3. 

I ciSnbst t itlIctL for CPor P. fai l+d because it was Cropping Farms Turnaround time (d) 
setnisi \C to aciditv-induced nutri,'nt iUbalances. pattern mo.) Crop 1 - Crop 2 Crop 2 - Crop 3 
"lie \ields of I planted alter IIFR oi IJR - CI 

UR -P 13 26Inltcro)p wcrc lo\N, meriiginge .nsv 0.27 t ha, UR - MB 2 58 
because of lo\% rainfall aflter plalo'lig. CP - M 11 28 -


Iable 14 shows turnaround ',nc between crops UR+CP - P 1 35 -

Inthe imp~lemented cropping patters.1The Shortest UR+CP . MB 25 25 UR+CP/M/P 13 11 25 
tirnaroultnd tine of I I d Is iniJlR - C.P M, P. ill 
which M was relayed ilto U R following C'. The 
longest turnaround lire (58d)\"ias IJR -Intile M B 
pattrtrn because, shortly alici R1iharvest. the soil cultivars were similar to those of the medium 
was too dry for NI H establishment. Suefficient cultivars. Several outstandingearly lines have been 
ratiilll had to he accutu developed and are under adva-'ced testing at theILlated before planting the 
crop. Fhe long turnaroultd tm incii these patterns site. 
isiade it diflicult to complete the whole cropping Assessing economic viability. The profitability 
scLIte. o'tiletested cropping patterns and the farmers' 

Ile tC Inaturitv of' the recommended Jl patterns was evaluated using cn!:rprise budgeting, 
ctltiva r was a Major Cortstraiit to the establish- given fIrner-effective prices th .t prevailed in the 
ntint anid productivity of a' y following crop. The area (Table 15). Except for tiR - MB(E), all tested 
tsllSt :tliiiloli local cultiv:.' (Speaker) has similar patterns yielded higher returns albove variable costs 
Iiaturity ind it is observed that no crop follows (RAVC) than the farmers' M - MiF) pattern. Three 
IIR. Maie. ho\cs\ cr, isatures much carlier (100- patterns U R + CPI N / P(F), (P - M(E), and UR 

11I0 d). and don hle crotiping is feasible, as shown + C3 - M(E)- had higher returns to labor and 
b farmers' Ctirrnlt ,iaoblc-cropped tiaize systei. power than the traditional pattern. However, the 
Ihcsc obser\ations st2gcst that a majior require- rate of return to material costs vas lower because 
taunt is UIR culti\'ars ,vithi a maturity range of of the increased expenditures (n cash inputs with 
1115 d. Such Cttivars would enable system tested patterns.tile 
prtiucti'vity to itncrease through the addition of a U R + CP - M(F)aind CP - I(E) dominated the 
second crop, even ;1"rice yields with the earlier rest of the tested patterns(Fig. 9). fUR + CP- M(E) 
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9. Net henelit curve fr 5expcrimnental cropping patlerts andI
 
farmer's cropping pattern. (laveria cropping 
 svstem, site, 
Misamis Oriental, Philippines, 1980,-87. M - M(F) used a 
hybrid mai/e variet y.M RR = marginal rate of return. 

increased net gain by $105/ha (172%) while increasing investment by only $24/ha (30%). In 
contrast, CP - M(E) increased costs by 138% and 

ULe 
gain by $3001 ha (490%). The marginal rates ofreturn of both patterns were over 400%. 

Minimum returns analysis was applied toevaluate whether the tested patterns are more or
 
less risky than tihe traditional M - M(F) technology
 

(Table 	 16). Only CP- M(E) appeared better than 
the farmer's pattern, implying that it is less riskythan the traditional technology. 

The most profitable pattern, CP -M(E), 
increased total investments from $79i 	 to $145/ha(83%). 	Parametric budgeting was used to asess the 

degree to which the farmer isexposed to economic 
losses arising from increases in input costs or
decreases in output price and yield. The result is 
shown in Figure 10 for CP- M(E)and thefarners' 
M - M(F) pattern. The improved ClP - M(E) 
pattern required a larger percentage increase in 
costs (148%) or a reduction in yields and output 
prices (56%) to bring RAVC to zero. In contrast, 
the traditional M - M(F) technology would require77% increase in variable costs or a 33% reduction 

in yields and output prices to do so. 

400 
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Table 16. Minimum returns analysis of cropping pattern 
trials. Claveria, Misamis Oriental, Philippines, 1986.87. 

War t AverageAveag% oof AvinAverage of Marginal 
Cropping net 20% of all rate 

pattern 	 return worst net returns of return 

(S/ha ) S/hal (S/ha) ($ 


CP -M (E) 2 157 360 456
 
UR.P(E) -212 -125 83 11 

UR+CP/M/P -107 - 81 141 35 

M - M (F) -132 50 61 --

Return abovevariable cost
(ho) Output price, yield 

input co,,, I /W
quantity
.rtlirenlent 

pM
/ , o-Cr priue~y,"tput proo--yieli 

.nputCost, quantity/ 

1patterns, 
-


-100 . or 50 10 

_Perotchange 

I0.,cI,Nti,It\anal SINol experimental cropping pattern ('11-
MI and onmcr, thonlinant cropping pattern M - MtIF). 

ti\tLI.N sa.t icntalni()r Philippines, 1986-87. 

1 h(x.S (J Ibtr d 

M-MI (F) 

W UR+CP-M (E)

7N+-CP/M/P (E) 

~0CP-M (E) 

80,
 

z / FallemFiployment,Qgaqculfflat workers 

-- /Svomed 

C) .. 

a7 

ion Feb Mor Apr May Jun 

The labor profiles of the farmers' traditional 
pattern and those of the tested patterns are shown 

Figure II. Total labor use tinder the farmers' M -
M(F) pattern was generally lo v during the year 
owing to the decreased activity as a consequence of 
the drought. Weeding labor could potentially 
cause a labor bottleneck it June and December for 

UR + CP,; '(I-)1fallfarmers adopted the 
pattern. Adoption of CP - M(E) on large areas of 
farmland would not be possible, since the total 

labor requnirement for harvesting and shelling 
would exceed the existing labor supply (Fig. I1). 
The largest increase in labor requirement was withIJR "(1, 	M' N1), f'roln 77 to 200 labor-d / ha 

(159'i). ('P - Nl(I') increased the total labor 
hb 57§j . Assuming that all farmers 

adopt the 	 combination of the three croppingpatterns that ga\'e high net btnefits (Fig. 9) and 
allocate one-third of their total area to each of these 

the labor requircments could be met. The 
optimal combination of cropping patterns fa1 
Claveria is being examinedplanning techniques. using whole-farm 

Aug Sep Cc Nov Dec 

11. Moi labIor use at Ic Herco ppting S'ns site all fid crop areaI were plantted to o111of teecxpIeriment al cropping
pattern., 1980-87. * Ilaor use il 1 3oft itefield(crop arc awen lated tocmdof tftcropp intg patterns showing higlt net hbenefit iii 
figure 9. i.e.. M - tR (P - MIFI, and C - M(E.	 _III 
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VARIITAI. SCREFNING FOR )ROUGHT cans strategically placed at canopy height within
IOIL RANCE each of the water regime plots. 
Altiph' ('rol)ping Delpartment The cumulative amounts of" water applied for 

soybean cultivars in the 3 water regimes were
In 1987 dry season (I)S), 2 experiments were 413 mm in regime I, 288 mm in regime 2, and 
conducted on the IRRI farm to c\va!uate and 112 mm in regime 3; corresponding amounts for 
compare the response of 22 soybean and 16 peanut peanut were 316, 233, and 106 ram. 
cultivars to water stress imposed di,'ing the Tables I and 2 show the bean yield and other 
reproduci've phase. The two crops were treated as agronomic characters of soybean and peanut
separate experimental units and were planted in cultivars in regimes I and 3. In both crops, bean 
adjacent plots. A strip-plot design was used, with yield and yield components were significantly
four replications or soybean and three for peanut. reduced hy water stress during the reproductive
Moisture regimes were used as main plot treat- phase. Soybean had a 45(% reduction in grain yield
mnrts and cultivar; as subplots. The plot (2 X and peanut, 61%. 
15 'n) for each cultivar was subdivided into 3 strips In regime 3, the top soybean grain yielders were 
(2 X S i) t represent 3moisture regimes: I (closest GC50218-6-6 (1.30 t/ha), Improved Pelican 
to the fine source = wet), 2 (intermediate), and 3 (1.25 t/ha), and S.1-2 (1.19 t/ha); for peanut the 
(farthest from the line source = dry). The expert- top grain yieldcrs were F334-33 (1.21 t/ha),lPB
mental areas were irrigated uniformly until PN42-14 (1.19 t/ ha), and 1234 (1.14 t/ ha).
flowering. A line source sprinkler irrigation system In both crops, number of pods per square meter 
was then used until crop maturity. The amount of was more sensitive to drought than seed weight.
water applied each time was recorded using catch The reduction in number of pods when regimes I 

Table 1. Bean yield ,nd yield components of 22 soybean cultivars evaluated under moisture regimes 1 and 3.a 

dry season (DS). 
IRRI, 1987 

Cultivar 

Bean yield 
(t/ha) 

Days to 
maturity 

Plant height 
(cm) 

Pods 
(no./m 2 ) 

100-seed 
weight (g) 

1 3 1 3 1 3 1 3 1 3 
PM 76-6-6-4 
GC6006d-9 
GC50218-6.6 
7207-1 
SJ-2 
Duo crop 
GC60115-8 
Improved Pelican 
Manchuria 
TGX536-02D 
Line 1682/1334-1-10 
EGSY 73 
AGS 229 
Willis 
Bossier 
UPLSY-2 
S76-2109 
AGS-129 
F75-9207 
Elgin 
Williams 
E dou No. 2 

2.51 
2.41 
2.39 
2.27 
2.26 
2.14 
2.14 
2.02 
1.97 
1.88 
1.84 
1.84 
1.77 
1.73 
1.65 
1.66 
1.53 
1.52 
1.44 
1.28 
1.07 
0.96 

0.95 
1.08 
1.30 
0.99 
1.19 
1.14 
0.86 
1.25 
1.03 
0.90 
0.99 
1.08 
1.12 
1.03 
1.01 
1.16 
0.93 
0.93 
0.69 
0.89 
0.92 
0.64 

92 
93 
94 
89 
92 
90 
92 
89 
90 
92 
89 
85 
85 
88 
87 
85 
85 
85 
91 
80 
79 
77 

84 
83 
86 
82 
83 
83 
82 
81 
81 
84 
80 
77 
76 
81 
79 
76 
76 
77 
83 
74 
74 
71 

60 
L7 
64 
49 
46 
35 
56 
41 
46 
45 
49 
33 
33 
49 
27 
39 
23 
28 
23 
24 
25 
21 

50 
55 
57 
49 
44 
29 
50 
42 
41 
43 
44 
38 
40 
48 
25 
43 
24 
29 
23 
27 
32 
24 

1327 
972 

1142 
884 
964 
778 
720 

1027 
893 

1249 
990 
774 
936 
801 
679 
818 
638 
656 
719 
649 
585 
550 

887 
715 
904 
656 
825 
680 
587 
823 
674 
805 
704 
615 
717 
691 
593 
616 
515 
570 
496 
573 
523 
487 

10 
12 
11 
14 
13 
17 
20 
13 
17 
10 
11 
17 
13 
11 
15 
16 
16 
16 
13 
15 
15 
14 

8 
9 
9 

11 
10 
12 
15 
10 
13 
8 

10 
13 
10 
9 

12 
13 
11 
13 
9 

13 
13 
11 

Mean 
Reduction t%) 

1.83 
45 

1.00 88 
9 

80 40 
2.5 

39 852 
2.2 

666 14 
21 

11 

aMoisture regimes: 1 wet, 3 = dry. 
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Table 2. Bean yield and yield components of 16 peanut cultivars ovaluatea under moisture regimes 1 and 3. IRRI, 1987 
DS.
 

Bean yield Dry fodder 
(t/ha) yield (t/ha) 

Cultivarr 
1 3 1 3 

IPB PN 48-90 3.60 1.05 7.65 3.01 
IPB PN 46-12 3.28 1.13 6.10 3.49 
IPB PN 42-14 3.27 1.19 5.39 3.07 
UPL PN-4 3.22 1.08 6.27 2.40 
:;234 3.21 1.14 6.73 3.13 
:-258 3.05 1.09 6.94 3.57 
IPB PN 2.25 2.86 1.12 4.72 2.71 
F334-33 2.77 1.24 5.32 3.25 
EGPN-1 1 2.11 1.02 5.92 2.70 
Kidanq 2.71 0.95 5.88 2.86 
JL 24 2.65 0.98 4.94 2.71 
IPB PN 30-29 2.32 1.10 6.24 3.57 
PL 118200 2.08 1.10 6.00 3.20 
CES 102 2.00 0.87 5.97 3.16 
,;758 1.88 1.03 4.85 3.17 
4268 1.76 1.03 4.25 ? P 

Mean 2.71 1.07 5.82 3.* 
Reduction (%) 61 47 

and 3 were compared was 22% for soybean and 
19( for peanut. Seed weight reduction was 21% 
for soybean and 91% for peanut. 

VARIFTAI TESTIN(; 

Rice Farmihg Svstens Program and Multiple 
Crou)phg Departuent 

Mungbean. Varietal screening and selection of 
n,ungbcan for rice-based farming systems was 
done in collaboration with the Institute of Plant 
Breeding(IPB)ofthe Universityofthe Philippines 
at Los Bafios(UPLB). In 1987, IPflcollected 3,414 
lines and varieties and screened them before and 
after wetland rice at UPI B and in Pangasinan, 
Philippines. Preliminary yield trials composed of 
100 selected lines from the 1986 screeningxere also 
conducted after rice at UPLB and in Pangasinan. 
Yields ranged from 319 to 2,059 kg/ha at UJIlB 
and from 373 to 1,175 kg/ha in Pangasinan. 
Twenty lines were then selected and entered into an 
advanced trial at both locations. Five selections--
Il13 M82-44-1 I, IP13 M82-45-7, li13 M82-45-8, 
VC2991-112B-I B,and VC3749-2B-I-I-iB--were 
found outstanding at both locations, giving grain 
yields of 1.3-1.7 t/ha. Check variety Pag-asa 3 

Days to 
maturity 

Plant height 
(cm) (no./m 2 

Pods 
) 

100-seed 
weight (g) 

1 3 1 3 1 3 1 3 

105 
105 
104 
105 
100 

83 
86 
83 
83 
83 

56 
58 
54 
55 
56 

41 
37 
32 
37 
36 

282 
366 
326 
305 
292 

262 
270 
274 
286 
222 

40 
51 
43 
42 
47 

40 
43 
43 
38 
46 

102 
100 
100 
105 
100 
100 
105 
100 
101 
100 
99 

87 
86 
88 
83 
83 
86 
90 
81 
86 
86 
84 

59 
57 
58 
55 
53 
55 
58 
63 
58 
60 
53 

38 
35 
34 
37 
36 
30 
38 
41 
38 
34 
35 

326 
354 
328 
314 
254 
372 
302 
258 
326 
316 
322 

318 
300 
212 
287 
194 
242 
233 
241 
237 
201 
320 

43 
48 
50 
42 
49 
50 
48 
46 
45 
46 
46 

42 
45 
45 
43 
45 
46 
47 
41 
43 
44 
43 

102 
17 

85 57 
39 

36 315 
19 

256 46 43 
7 

yielded 1.1 t/ha. In the prerice planting, five 
varieties-- EGM 2764, IPB M82-57-7, VC 3741-2-
I-I-B, VC 3520-B-2-1-2-B, and VC 3742-3B-2B
were also selected for inclusion in the Asian Rice 
Farming Systems Network (ARFSN) testing. Their 
yield ranged from 1.14 to 1.30 t/ha, EGM 2764 
being the top yielder. 

At IRRI. 12 varieties selected from IPB's 
advanced trial and from national programs were 
also evaluated before and after rice. The out
standing entries in the prerice test were IPB M79
13-29 (1.48 t/ha), Pag-asa 2 (1.37 t/ha), and IPB 
M79-9-82 (1.37 t/ha). IPB M79-13-29 gave the 
highest dry fodder yield of 2.81 t/ha, followed by 
VC 1973A with 2.55 t/ha. In the postrice test, IPB 
M79-13-60 (Pag-asa 5) and IPB M79-13-29 were 
the top grain yielders, with 126 and 1.10 t/ha. Dry 
fodder yield was highest in VC 2762-13-45-2B 
(2.33 t/ha) and IPB M79-13-29 (1.71 t/ha). 

Cowpea. Ten promising cowpea varieties from 
the International Institute of Tropical Agriculture 
(IITA) and national programs were evaluated at 
IRRI before and after wetland rice. Before rice, 
IT82D-889, IT82D-755, and IT82D-892 were the 
outstanding entries, giving green pod yields 
>4 t/ha. The highest fodder yields after 3-4 
primings were obtained from IT82E-16(8..1Ot/ha) 
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and TVx 1850-OIE (7.51 t/ha). The trial alter rice 
was discarded because of very poor stand due to 
waterlogging and seedling damping ofT. 

Ninety-nine line!, and varieties from IITA were 
also evaluated after upland rice during 1)S. Grain 
yield ranged from 147 to 1,999 kgi ha, with rT82-
D-699 the top yielder. Other promising entries 
were [F835-728-3, IT835-774-1, and 1T835-687-1 5, 
with grain yields of 1.5-1.8 t ha. These varieties 
mature in 70-75 d. 

Soybean. An observational nursery composed 
of' 1.003 soybean lines and varieties from the Asian 
Vegetable Research and l)cvelopmnent Center 
(AVRDC), Il[A, and national programs was 
plantct by IP13 aftcr wtland rice and Under upland 
condioins at UP1.13 and in Paingasinan. Pie-
limi narv yield trials wiih 81 entries were also 
conducted afier rice at U.ITI3 ard in IPangasinan. 
Twenty lines were selected and then entered into 
advanced yield trials at both locations. Yields 
ranged from 171 to 572 kg,, ha at UPtI.B and froni 
169 to 1,749 kg:/ ha in Plangasinan. "lhe low yields at 
UITI.B WCC due to waterlogging fhon the early 
vegetative phase to flowering. Five Ie.ics IPh SY . 
17 -8, IPB SY-178-18., TGx 88846, TGx 849-
260E, and CC 00002-31 were selected for testing 
in the ARFSN. 

Forty-two promising varieties classified as early 
(80-85 d)-, medium (86-90 d)-, and ;ate (>90 d)-
maturing were evaluated after upland rice at IRRI 
during )S. The top grain vielders in the early 
group were UILIB SY-2(I.74t/ha), AGS 124(I.80 
t/ha), and EG SY 73 (1.88 t, ha). Among the 
medium-mnaturing varieties, the highest yields were 
froni Improved Pelican (2.27 t'ha), GC 60115-8 
(2.01 t/ ha), and Willis ( 1.93 t, ha). The outstanding 
entries in the late-maturing group were GC 50218-
6-6 (2.4 t ha), GC 60068-9 (2.3 t,' ha), and IAC 6 
(2.2 t/ ha). 

Peanut. IPB evaluated 1,197 peanut lines in an 
observation nursery .t UPI13 during DS. A 
preliminary yield trial consisting of 104 IPB lines 
and foreign accessions was also planted in Panga-
sinan. Twenty-one entries were :,elected and entered 
into an advanced yield trial at UP1.13 and in 
Parigasinan. However, yields were \,cry low, 
ranging from 2 to 600 kg, ha, with FDIRS 20 the 
top yielder. Because yields were abnormally low 
during 1987, the trials will be repeated. 

At IRRI, we evaluated 12 varieties 'rom IPB 
and national programs after wetland rice and 
tnder upland conditions. In an international trial, 
25 early-maturing peanut varietes from the 
International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT) were also tested 
after rice. Among the IPB lines, F.G PN-18, 
Tainan, and IJPI- 'N4 were the most promising 
under lowland conditions, \%ith shelled bean yields 
of t.90, 0.68, and 0.62 t ha, re: pect ively. Fodder 
yield was highes. in 1( PN-I 1 (7.4 t fIa) and I P1. 
PN-4 (6.6 t: ha). Under upland conditions, lhe top 
bean vielders were I Pl3 PN-42-14 (2.0 t ha), E(i 
PN- II (I.6 t/ha), and Tainan (I.6 t/'ha). The top 
yielder of fodder wa I) 13lN-46-12 (6. i 2 t ha). 
Amiong ICRISAT lines, ICGSI-. 11, I('(iSI 25, 
and IC(SF II) gave the highest bean yields of 
1.83, 1.33, and 1.32 tiha, respectively; the top 
yielders of fodder were IC(;SE 174 (8.6 t/ ha) and 
Robut (8.0 t/ hat). 

Wheat. Forty wheat entries from India, the 
Centro Internacional de Mejoramiento de Maiz y
Trigo (CIMMYT), and the th ilippiit es were 
evaluated under irrigated anJ rainfed environments 
in an Uplaad field. The trials were sown in I.os 
BaFios on 29 Dec 1986 (irrigated) and 30 Dec 1986 
(rainfed). The seed rate wats 120 kg, ha, insown 
20-cm rows. Fertilizer at 50-50-50 kg NIPK "ha was 
applied as basal, and 50 kg N/ha wvas applied at 
25 (1after seeding (DAS). Foi the rainfed crop, the 
100-50-50 kg NPK/ha was given as a single basal 
dose. Pests, diseases, and weeds were controlled. 

I i the irrigated trial, tie grain yield ranged from 
0.9 to 3.3 t/ ha. Maturity ranged from 74 to 100 d. 
UPI.W-I, Swati, UPILW-2, C213-15, 13W-I I, and 
DWR-39 were promising. The highest yield of 
3.4 t/ha was obtained from UPI.W-I. Lale
mturing wheat had no significant advantage over 
the early-niaturing. 

In the rainfed trial, the grain yield ranged from 
0.6 to 1.4 t/ha. Maturity ranged from 71 to 83 d. 
DWR-39., 5405, Swati, and U PI.W-I were 
promising. !)WR-39 gave the highest yield of 
1.4 t/ha. Late-maturing wheat had no significant 
advantage over the carly-maturing. 

Black gram. Twelve black gram selections from 
AVRDC were evaluated after wetland rice with 
zero tillage at IRRI. MBC 48, BC 104, and 1C 66 
were most promising, giving dry bean yields of 

http:124(I.80


1.33, 1.20, and 1.15 t/ ha and 3.34, 5.46, and 4.51 t 
drv fodder/'ha, respectively. They mature in 95 d. 

Chickpea. An international trial of16senlishort-
duration chickpea %arictics I'ron ICRISAT was 
conducted at IIRRI under upland conditions during 
IDS. I he lop yielding entries were ICCI. 11141 
().97 1 ha). I)N 95 (0.96 t ha), and ICI, 83419 
(0.93 t ha). 'Ihey mature in 93-95 d. 

Sesame. Seven sesame arieties fron Thailand 
\%crc teoted at I R RI alter wetland rice and under 
uplanl cotdllitions during 1). The trial after rice 
\\ as discarded because plant stand was very poor. 
I'dcr i pland conditions, Nakornsawan and 
Ihitsanulihk gave the highest seed yield (0.44 t

t ha). 
I hesc \ irieties mature i1195-98 d. 

Mai/e. I clve field maic varieties froll IP11, 
CIMNYI, ;i:nd national prIgratrs vere tested 
alet lic wit ,'/cro tillage. Four varliiles li ly 
I)iR (rot p 1, Mueng 8331, Suwar 2, and XC 
4 yielded more than 2 t ha. Fodde yield was 
highest at 6-7 t ha in l 'll VAR, 2. IP11 VAR I, and 
(onrat tugta 8130. which [nature in 93-95 d. 

len glttinous and sweet mai/e varieties and 
hvbrids Irotin IPI1 :aid Australia were also tested 
I-iCft1 rice. lvbrid 502 gave the highest yields of 
grcer cars (4.59 t ia),.;d fresi fodder (21.13t/ha). 
(heck arliety los alaios ILagkittin gave per hectare 
ields Af 2.52 t (f green ears and 15.28 t of fresh 

hodder. lhe crop was harvested in 72 d. 
Irt lile upland, II eari\-rnat o' ig normal and 12 

highit qu ality protein iaize varieties from 
('MMYI were tested during the wet season. 
AInrng the normal grain types, the top grain 
yielders k+ere Suwa ; 8331 (5.76 t/ha), PR 8349 
(5.34 t ha), and IR 8,2o (5.31 t/ ha). On the other 
hand, IA I1)8363, Across 7940, Across 7726, 
Across 8363, ard IR 8362 were the outstanding 
entries arrrng the high quality protein varieties, 

1il1yields ->'5t ha. ILA (I) 8363 was tie top grain 
ielder (5.78 t hl). Most of these varieties Mature 

in 95 d. 
Sorghum. Nine hybrids andi nitle varieties of 

,tl 12lirrn found proruising in ICRISAT's 1986 
adaptttion trial \crc lurt ther tested after rice with 
/,ii ilac. I wclc varictics frori IPBand national 
progrlris anrid 24 introductions from ICR ISAT 
were also evaluated under the same field condi-
tions Among the hybrids, ICSH 132 gave the 
highest grain yield (3.01 t ha). Th r top yielders of 
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fodder were ICSH 162 (3.67 t/ha) and ICStt 145 
(3.12 t/ha). ICSV 126 and ICSV 186 were the 
outstanding entries, both with grain yields of 
3.10 t/ ha and withIlodder yields of 3.6 and 3.8 t/ha, 
respectively. II tie other trial;, CS 116 and CS 137 
gave the highest grain yield of"3.0 t/ ha among the 
IPFB materials. Among tie ICRISAT introduc
tions, IC'SV 241 and ICSV 110 were tile top grain 
yielders, both with 3.10 t/ha. The highest dry 
fodder yield was obtained, however, from ICSV 
Il l, with 3.8 t/ha. These va, ieties mature in 105
110 d. 

Sweet potato. Twelve sweet potato varieties 
from IPB were evaluated under both lowland and 
upland conditions during S).The lowland trial 
had zero tillage, and the upland trial high tillage. In 
t lie lowland trial, G50- IOA and G454-23A gave the 
highest root yields (14.58 and 11.36 t/ha). Dry 
fodder yield was highest in (;525-R-2 (2.68 t/ha), 
followed by (;207-3A (2.37 t/ha). II the upland 
trial, (454-23A was also the top root yielder, with 
21.18 t1i ha. As in the lowland trial, G207-3A\ and 
G525-R-2 were the highest yielders of dry fodder, 
with 5.06 and 4.59 t / ha, respectively. The trial was 
harvested in 105 d. 

(it)\W Il (I1ARA(T-RIS IC(S F.IOIF., TEARS 
Plant Ilhysioogi' Department 

Job's tears (r.y /acr.vna-johiL. iswidely grown in 
China because of its grain's medicinal value. 
Reports indicatc that it cures chronic rheumatism, 
cramps, beri-beri, appendicitis, hepatitis, and 
nephritis. Recent findings show effects as an 
anticancer drug. 

Job's tears grain has 13.7% protein, 5.4% fat, 
and 65% carbohydrate. It also contains substantial 
Ca, P, Fe, and amino acids. 

Job's tears isa C.I plant and highly adaptable to 
various environments. While it grows best in 
fertile, moderately moist soil, it can thrive in 
irrigated, saline, and drought-prone areas. 

The traditional ,Job's tears grows 1.5 In to 2.0 m 
high, has 10-12 culms, and matures very late. 
Because of its potential as a medicinal plant, new 
Job's tears were developed as senlidwarf, few
tillering, short-duration crops. 

In 1986 DS, the Plant Physiology Department 
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Table 3. Morphological characteristics and growth habits of 5 Job's tears varieties. IRRI, 1986 DS. 

Seeding to Heading to Growth Plant 
Variety heading harvest duration height 

(d) (d) (d) (cm) 

Nakasato 46 53 99 
 68 

Okayara 59 61 120 84 

Rio del Sol 59 61 120 76 

Thailand 59 110
51 78 

Indonesia 95 187
92 122 


aFlowers all sterile. 

int. duced Job's tears to atropical environment to 
observe its physiological characteristics and 
evaluate it as an alternate crop to rice. Five Job's 
tears varieties were seeded in 5 20-rn rows on 2 Feb 
1986 in a well-drained, newly puddled ricefield soil 
fertilized basally with 100 kg N/ha. The plants 
were spaced at 20 cm between hills and 30 cm 
between rows, and were topdressed with 50 kg 
N/ha at 40 and 70 DAS. 

Maturities ranged from 99 to 187 d (Table 3). 

Two very promising cultivars, Nakasato and 


2
Thailand, yielded 306 g/m (equivalent to 

Culms Grain Stem Ftal Harvest 
(no./plant) yield dry weight dry weight 

(g/m ) (g/m 2 ) (g/m2 ) index 

10.6 306 338 644 0.47
 
7.6 268 454 722 0.37
 
6.8 232 
 352 584 0.39
 
7.2 306 365 671 0.45
 
3.6 0 a 775 775 0
 

3.0 t/ha). They produced dry weight comparable 
to that of late-maturing Indonesia but had better 
harvest indices, indicating good grain production 
efficiercy. Both cultivars are semidwarf and early 
maturing. 

Nakasato was bred and isgrown in Japan, while 
Thailand is of tropical origin. Their ccmparable 
growth performance suggests that .Job's tears can 
adapt to wide temperature regimcs. Okayama 
deserves further testing because of its vigorous 
growth and promising yield. 
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Performance of sesbania as biofertilizer in farmers' 
fields. A study in farmers' fields in Carosucan, 
Pangasinan, Philippines, in 1987 compared the 
agronomic responses of transplanted rice (TPR) to 
sesbania green manure (GM) and moderate fer-
tilizer N applications or combinations of both at 
different times. Four farms served as replications, 
Five treatments were compared: no N (control), 60 
kg Ni ha, Seshania rosirataat 60 d after emergence 
(DE), S. rostrata at 60 DE + 30 kg N/ha at 
transplanting, and the same combination top-
dressed at panicle initiation (PIl. 
Dry ma:ter of sesbania GM varied from 5.5 to 

6.6 t ha. with N yield of 76 to 91 kg/ha (Table I). 
All sesbania plots registered significant increases in 

Tabie 1. Response ot rice to Sesbania rostrata in farmers' 
fields 'n Pangasinan Philippines, 1987. 

Sesbania...b.n.a.. 
 Rice (tha) 
rieatmenta rostrata N 

dry matter yield Dry Grain 
It/ha) (kg/ha) matter yield 

No N - 5.1 2.560 kg N/ha - - 6.1 3.0 
S. rostrata at 60 DE 5.5 76 7.2 3.4 
S. rostrata at 60 DE 6.4 88 7.4 3.6 

+ 30 kg N/ha
at transplanting 

S. rostraraat 60 DE 6.6 91 7.2 3.7+ 30 kg N/ha 
at30 kRice 

atLSD (0.051  - 1.4 0.7 

DE (0.05) it 14 .7das 

aDE =days after emergence, P1 panicle initiation. 

rice dr matter and grain yield. Sesbania without N 
supplementation increased yield by 0.9 t./ha.

Rice response to intersown and prerice sesbania 
green manure and to nitrogen rate and method. A 
study examined the effect of 45-d-old prerice and 
20- and 30-d-old intersown sesbania GM on TPR. 
Nat 60 kg/ha was added to GM-N by splitting the 
amount equally at transplanting and at Pl. An
other method was topdressing the whole amount at 
P1. Three N rates -- 0, 60,and 120 kg/ ha, 1/2 basal 
and Ii2 at PI -- without GM were included in the 
treatments to examine N substitution with GM 
treatments. Twcnty-six-day-old seedlings of IR64 
vere used. Data from this trial were analyzed in a 
[(C3X7)+31 factorial in a randomized complete 
block design (RCBD) with 4 replications. 

(i M attributes are summarized in Table 2. Total 
dry matter yield (TI)MY) and N yield were 

,nicantly affected by establishment method
and GM age at incorporation. Prerice sesbania 
markedly increased in IDM Y by 4182 kg; ha over 
30-d-old and by 4973 kg! ha over 20-d-old GIM
intersown with rice, regardless of N application. 
Aithough the dry biomass yield responded to split 
appication over topdressed N, the difference (222 
kg/ha) was not statistically significant. A similar 
pattern was exhibited with N accumulation. Pre
rice GM significntly outyielded 30-d-old inter

sown GM by91 kg" ha and 20-d-old GM by 115 kg
N/ha, inespectie of N application method. 

grain yield and its yield components areshown n Table 3. Grain yield increased signifi
cantly with higher N accumulation from GM and 
with inorganic N rate. Forty-live-day-old GM 

Table 2. Total dry matter yield (TDMY) and N yield of S. rosrrtra green manure at different establishment times and with
N applied split or all at Pl. IRRI, 1986 WS. 

Green manure 
establishment and
 

incorporation a 


Prerce, incorporated 
at 4b DAS 

lntersown wiithrice, 
incorporated at 30 DAS

Intersown with rice, 
incorporated at 20 DAS 

Mean 
CV (%) 

aDAS = days after seeding. 

Green manure TDMY (kg/ha) N accumulation (kg/ha) 

N split All at PI Mean N split All at P1 Mean 

5265 128 

1226 940 1083 40 34 37 

369 214 292 16 10 13 

798 
19.5 

577 688 28 
20.5 

22 25 
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Table 3. Grain yield, N uptake, and TDMY response to N accumulation from sesbania green manure and N applied split or 
all at Pl. IRRI, 1986 WS. 

N rate and Grain yield It/ha) N uptake (kg/ha) TDMY (t/ha) 
green manure 

treatmenta Split All at PI Mean Split All at Pi Mean Split All at P1 Mean 

No N 1.4 35 3.8 
60 kg N/ha 2.1 81 6.2 

120 kg N/ha 3.1 112 10.0 
20 DAS, intercropped, no N 1.7 57 6.3
 
30 DAS, intercropped, no N 1.8 
 52 5.5 
45 DAS, in situ, no N 2.8 85 9.1 
20 DAS, intercropped 2.2 1.8 2.0 68 77 73 7.2 6.7 6.2 

+ 60 kg N 
30 DAS, intercropped 2.5 1.9 2.2 84 79 82 7.3 6.5 6.9 

+ 60 kg N 
45 DAS, in situ, + 60 kg N 3.3 2.9 3.1 117 123 120 9.8 8.5 9.2 

Mean 2.7 2.2 2.4 90 93 92 8.1 7.1 7.6 
CV (%) 9.1 16.3 14.0 

aDAS = days after seeding. 

increased grain yield by 51%, while 120 kg N/ha applied N withoutGM, and45.4%forGM with60 
increased yield by 55% over the control. Split kg N/ ha split-applied or topdressed at P1, with the 
application of 60 kg N/ha increased yield signifi- soil supplying 37.5 kg N/ha. Nutilization response, 
cantly by 0.5 t/ha over topdressed N on GM however, showed that split N application with or 
treatments, which conforms well with the pattern without sesbania was superior to N topdressed at 
and extent of N uptake and TDMY. PI with GM treatments. N efficiency differed 

The responses of the main rice crop in terms of N among all treatment sets, but N applied basal and 
recovery, utilization, and efficiency are illustrated incorporated in the soil was more efficient than 
in Figure I. Apparent recovery was 61.2% for s,- it- topdressed N, regardless of GM treatment. The 

Grain yield (t/ho) N uptake (kg/ha)
 
5 --


N efficiency N L,tlizohon 1 Niecovery 
0 Con t r o l Y -0 9 re co v e r y 
* GMt 60 kgN/ho, spht-app!id (0239)(01000273) 1 

4 - N alone 
V GM+60 k N/hoatPIatP0266) 

(0?36NU 3 25 

R2 :0.71 0 107 -

V V 8 9 -

71 -
2 -

531 
Y'1,32+000794NA A + 

(00894) (0000864) 
0 0114NAS +0 0147NAN 

35 
NU:37.5+0612NAN+ 

(400(00587) 
0 454NAsa 

(0000895) (0 00131) 
R

2 
086 17 

(00346) 
R

2
:0 85 

0 80 120 160 200 35 53 71 89 107 125 0 40 80 120 160 200 
IN,applied (kg/ho) N uptake (kg/ho) N applied (kg/ha)' 

I. N efliciency, utilization, and recovery responses of rice to N and green nanure (GM). IRRI. 1986 WS. PI = panicle 
Initiation. 
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grain-to-N ratio was 7.9:1 for GM with 60 kg N/ha 
topdressed, 11.4:1 for GM with 60 kg N/ha split-
applied, and 14.7:1 'or N alone. 

After the main crop, another rice ciap was 
transplanted to pick up possible residual N Lin-
recovered by the first rice crop as indicated in Table 
2. Grain yield, TI)MY, and N uptake were signifi-
cantly associated with N accumulation from iGM 
plots and with timing of N application to the nuain 
crop.'lhcsc attributes increased marked],. with 45-
d-old GM, which accumulated 128 kg N/ha. 
Topdrcssed and srlit-applied N were significantly 
at variance with respect to yield effect, with the 
former outyiclding the latter by 0.3 t/ha. 

These findings give optimum combinations of 
inorganic an( organic N sources, N rates, and 
application methods to optimize grain yield in a 
G M - rice - rice cropping pattern, 

Effect of green manure, nitrogen fertilizer, and 
spacing on transplanted rice. This experiment
during the wet (WS) to dry (1)S) season period 
(November 1986 to April 1987) evaluated the 
effects of plant density, N rate, and N source and 
their interaction on TPR. During the GM duration 
of 52 d, it accumulated 76 kg N/ha. 

Grain yield, IDMY, productive tillers, and N 
uptake of 60 kg N/ ha and sesbania treatments were 
significantly higher than those of the control plots 
([SID 0.05) (Table 4). GM increased yield, TDM Y, 

Table 4. Grain yield, TDMY, productive tillers, and N 
uptake as influenced by green manuring and inorganic 
fertilization of transplanted rice at different plant spac
ings. IRRI, 1987 DS. 

Grain Productive ,q
Parameter yield tha) tillers uptake 

It/ha) (no./m 2 (kg/ha) 

N source 
Control 2.5 4.8 276 50.8 
60 kg N/ha 3.8 6.6 334 78.6 
Sesbania 4.6 7.9 366 89.2 

Plant spacing
lOx 10cm 4.1 7.3 419 79.1 
12.5 X 12.5 cm 3.7 6.8 367 75.4
15 X 15 cm 3.6 6.1 345 71.6 
20 X 20 cm 3.4 5.7 265 66.7 
25 x 25 cm 3.5 6.2 231 73.4 

Grand mean 3.6 6.4 326 73.3 

CV %) 10.0 4.0 7 9.6
 
LSD (0.05) 0.7 0.4 34 10.0 


and N uptake significantly by 0.8 t/ha, 1.3 t/ ha, 
and 10.6 kg N/ha, respectively, over the inorganic 
N treatment. However, productive tiller number 
was unaffected by GM. Th,, significant yield 
responses to N source treatments are well sup
ported by the pattern and extent of N uptake 
at different rice growth stages, as illustrated in 
Figure 2. 

Mean values of grain yield, TDMY, productive 
tillers, and N uptake were generally inversely 
related to plant spacing. All these attributes except 
grain yield were significantly influenced by plant
inggeometry. N uptake was higher at closer than at 
wider spacing across crop duration. 

N efficiency, utilization, and recovery were 
examined using regression analysis as shown in 
Figure 3. Grain yield increased linearly with 
applied N regardless of source, with a grain-to-N 
ratio of 26.3:1. Since yield response to N rate is 
linear, timely topdressing of inorganic N could 
further increase N efficiency. N utilization and 
recovery responses were quadratic, with computed 
optimum grain yield of 4.6 t/ ha when uptake was 
103 kg N/ha. N recovery was over 75%, with the 
soil supplying 50.6 kg N/ha. 

These responses suggest the need to optimize N 
applied, N combinations from organic and in
organic sources, and applications with respect to 
critical crop growth duration. 

Effect of sesbania and crotalaria green manure 
and nitrogen supplement on transplanted rice. A 
field experiment examined the agronomic response
of TPR to sesbania and crotalaria GMs at different 

incorporation ages with or without supplemental 

Nitrogen uptake (kg/ha) 
100 

-Sboai - lO0XO 
N/ha 1515IS 

-
60-// 

25 25., 

40 - . / 
. 

20 -. 
j 1 1 

090 
0 23 46 69 92 0 

3 
23 

4 
46 

6 
69 

9 
92 

Days after tmnsplanting 

2. N uptake pattern affected by N, sesbania. and plant spacing.
IRRI, 1987. 
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3. N cliciency, Utili/ation, and recovery by rice from organic and inorganic N sources. IRRI, 1987 DS. 

30 kg N ha. To determine N substitution expressed 
as yield response, 6 levels of inorganic N without 
GM were included in the treatments: 0, 30, 60, 90, 
120, and 150 kg N/ha. Treatments were laid out in 
RCBD with 3 replications in plots measuring 3 X 
10 m. Following the main crop, a second crop was 
transplanted without any fkrliF, to evaluate 
responses to residual N unreco,, . I by the first 
cl op. 

Table 5 shows TDMY and N yields of sesbania 
and crotalaria at 25, 35, and 45 DE, at which point 
the GMs were incorpora,'d into the soil. In both 
species. N accumulation and TDMY increased 
significantly with age; however, they did not differ 
between the species. Although crotalaria had 
slightly higher TDMY than sesbania across growth 

Table 5. N a,. mutation &nd TDMY of 2 green manure 
species at diffe,,,nt growth stages before soil incorpora-

tion. IRR_, 1986WINS. 

N accumulation TDMY 
Green manure (kg/ha) (t/ha) 

agea -
Crotalaria Sesbania Crotalaria Sesbania 

-
25 DE 49 52 1.5 1.4 
35 DE 71 68 2.7 2.5 
45 DE 89 95 3.8 3.6 

aDE = days after emergence, 

duration, the latter had slightly higher N accumula
tion because of its higher biomass N content. 

The grain yield, N uptake, and TDMY of the 
WS rice crop are summarized in Table 6. These 
agronomic attributes increased significantly with N 
accumulation (e.g., GM age). Although supple
mental N of 30 kg/ha significantly increased N 
uptake, it did not improve yield. GM plots yielded 
significantly higher than either weedy or weed-free 
fallow treatments. Sesbania and ,rotalaria supply 
about 120 and 90 kg N/ha, respectively, at 45 DE. 

The N efficiency, utilization, and recovery 
responses of the main rice crop are illustrated in 
Figure 4. The effect of supplemental N is not 
significant in the classification model or analysis of 
variance, hence, the yield and N uptake response 
functions to N applied were not significantly 
partitioned in the regression model. 

The apparent N recovery was about 49%, with 
the soil supplying approximately 51 kg N/ha. 
Grain yield was estimated as optimal when N 
uptake was 119.3 kg/ha and N applied, regardless 
of source, was 108.8 kg/ha. 

Effect of crop residue, nitrogen, and phosphorus 
in double and single rice-based cropping s. quvnces. 
This 1986-87 experiment at IRRI measured 

productivity changes in two fields with contrasting 
natural hydrologies and soils. It was difficult to 
maintain standing water in the upper field because 
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Table 6. Grain yield, N uptake, and TDMY of rice as influenced by inorganic (0 or 30 kg N/ha) and green manure N fertilization. IRRI, 1986 WS. 

N rate (kg/ha) and Grain yield (t/ha) N uptake (kg9/ha) TDMY (t/ha)green manure 
acrop and age 0 N 30 N 0 N 30 N 0 N 30N 

0 N 2.8 5330 N 6.73.0 62 7.560 N 4.0 7790 N 8.53.9 102120 N 9.74.0 101150 N 10.1
3.7 110 11.8 

Crotalaria at 25 DE 3.5 3.6 70 72 8.7Crotalaria at 35 DE 9.23.8 4.1 90
Ciotalaria at 45 DE 3.8 4,1 94 

110 10.9 11.9 
89 11.1 12.6

Sesbania at 25 DE 3.5 4.2 61 92Sesbania at 35 DE 8.1 10.14.1 3.9 104 96Sesbania at 45 DE 4.1 
12.0 10.74.2 102 131 11.6 11.7

Weed free 2.7 3.3 49 58 6.1 7.6 
aDE = days after emergence. 

Grain yield (t/ho) 
N Lntake (kg/he) 

N efficiency N uhizahon N recovery4 5 - -7-135 

0 . 
0 11740 o0 0 8egg0 

9 0 

35 90 

30 0 0 

63 

25 Y2 64+0 0261NA - Y= 0 344+0 0644NU-(01005)0000290) 45(0 351)(000768) AU= 501+0 494NA000020NA2 
-0000270NU2 

= (467) (0 0546)0 (00000194) 
R 2 = (0000040) 

R2 059 
2=071 R =O71 

15 

101
0 60 120 180 45 63 81 99 117 135 0 60 120 180 

N applied (kg/ho) N uptake (kg/ha) N applied (kg/ho) 
4. N efficiency, utiliiation, and recovery responses of rice to GM and inorganic N. IRRI, 1986 WS. 

of high percolation, but the lower field maintained fertilizer N increased yield by 1.3 t/ha in the upperstanding water. The N rate was 60 kg/ha for rice field and by 1.4 t/ha in the lower field (Table 7).and 100 kg/ha for maize. P was applied at 13.2 In 1986, the second rice crop in the lower fieldkg/ha. All eight factorial combinations were tested responded to fertilizer N and residue from thein three replications of a RCBD. preceding rice crop. Fertilizer N increased rice yieldRice in both fields responded significantly to by 1.0 t/ha, whereas rice residue increased ricefertilizer. Residue increased yield by 0.4 t/ ha in the yield by 0.2 t/ha. In the upper field, maizeupper field and by 1.0 t/ha in the lower field, while responded strongly to applied N, at 2.5 t/ha. 
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Table 7. Grain yields in 2 experimentsa with seque-lces of 4 crops receiving 8 treatments (factorial combinations of with 
and without inorganic N and P fertilizers and return of crop residue). IRRI, 1986-87. 

Grain yield (t/ha) 

Upper field Lower field
 

Treatment 1986 1987 1986 
 1987 

Rice Maize Munqbean Rice Rice Rice Mungbean Rice 
(IR58) (SM305) (M350) (IR62) (-58) (IR58) (M350) (IR62) 

Control (no N, P, or residue [RI ) 1.1 1.0 1.1 2.0 2.1 1.9 1.8 3.2 
N 2.4 3.5 1.2 3.5 3.8 2.9 1.6 4.2 
P 1.0 0.9 1.1 2.1 2.5 1.9 1.7 3.2 
NP 2.5 3.0 1.2 3.3 4.0 3.0 1.9 4.4 
R 1.7 1.3 1.2 2.3 3.2 2.1 1.7 3.5 
NR 3.1 3.1 1.2 3.5 4.6 3.2 1.8 4.9 
PR 1.4 1.2 1.0 2.4 3.1 2.2 1.5 3.6 
NPR 2.5 3.4 1.1 3.6 4.9 3.2 1.6 4.8 

LSD (0.05) 0.6 0.5 0.2 0.3 0 4 0.3 0.3 0.6 

aln adjacent fields that differed in elevation. 

In 1987, rice responded significantly to applied casting and drum seeding) at different depths 
N in both fields. However, the response to fertilizer (surface and 2 cm deep) on preconditioned 1R58 
N was higher in the upper field (1.5 t! ha) than in and 'R64 seed in RCBD. An 8-row drum seeder 
the lower (1.0 t/ha). delivered seed in rows 25 cm apart. A furrow 

Mungbcan did not respond to N consistently in opener attached to the drum seeder drilled seed 
either the upper or lower Field. 2 cm deep. Seeding rate was maintained at 80 

Influence of seeding rate and method and of kg/ha. 
simulated rainfall after seeding on wet seeded rice. Seeding method did not significantly influence
Vhi ,study evaluated the effect of seeding method, grain yield, nor did sowing depth. This result 
seeding rate, and simulated rainfall on crop stand, indicates the potential of' drum seeding, which 
yield, and yield components of wet seeded rice. A allows mechanical weed control. IR64 was gen
strip-plot design in RCBD used moisture regimes erally better than IR58 in grain yield and TDMY. 
as main plots and seeding rates and methods as Effect of seeding method on establishment of 
subplots. An 8-row drum seeder was compared mungbean and cowpea after lowland rice. This 
with broadcasting ol seed at 50, 75, and 100 kg/ha. experiment determined the stand and yield of 
After sowing, a moisture gradient was imposed cowpea IT82D-889 and mungbean Pagasa I using 
using the line source sprinkler system to simulate a mechanical seeder with several furrow openecs as 
rainfall on the scattered rice seeds. Regime I compared with hand seeding (Table 8), without 
received 45 mam; regime 2, 26 mm; and regime 3, tillage and following lowland rice. The experi
6 mam. Uniform flood irrigation was given from 7 d mental design was split-plot in RCBD with the 
after seeding (DAS) until crop maturity, crops as main plots and with seeding methods as 

Panicle number/m 2 at maturity was highest at subplots. The mechanical seeder was attached to 
100 kg seed/ha, regardless of seeding method, an Iseki hand tractor. For the hand seeded plots, a 
Seeding at 100 kg/ha was superior to 50 and 75 U-groove opener (dragstick) made shallow fur
kg/ ha in panicle number, but made no significant rows. Row spacing was 50cm, and seeding rate was 
difference in grain yield. 30 seeds/linear meter. No fertilizer was applied. 

Neither seeding method nor water application Irrigation was provided during the vegetative 
affected rice yield. phase and the flowering and pod-filling stages. 

Effect of sowing method and seeding depth on Cowpea grain yields from tile inverted-Y seeder 
yield of wet seeded rice in the rainfed lowlands, and U-groove opener were statistically greater than 
This study evaluated seeding methods (broad- those from hand seeding (Table 8). The inverted-Y 
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Table 8. Grain yields of cowpea and mungbean under 
zero tiilage. IRRI, 1987 DS. 

Grain Emergence 
Crop Seeding method yield Ern 

(t/ha) 

Cowpea 	 Inverted-T 1.0 81.3 

Inverted-Y 1.0 91.3 

U-groove 0.9 80.0 

Hand seeding 0.8 80.0 


Mungbean 	 Inverted-T 2.0 94.4 

Inverted-Y 1.7 95.0
 
U-groove 1.8 94.7 

Hand seeding 1.5 85.7 


CV (a) % 	 4.7 
CV b) % 	 11.6 
SE 	 0.04 

and inverted-T seeders gave comparable seed yield, 
but the inverted-Y gave a higher yield than did the 
U-groove opener. 

The grain yield of mungbean sown using the 
inverted-T furrow opener was significantly greater 
than that with other seeding methods. The 
invrted-Y seeder and the 1-groove opener had 
similar seed yields, both statistically greater than 
that of hand seeding. 

The results indicate that the inverted-T seeder is 
superior to hand seeding in percentage of seed 
emergence, thus contributing to better yields, 
especially with mungbean. 

Effects of water stress and tillage on soybean 
performance. The e fects of water stress and tillage 
on soybean yield were studied under upland and 
lowland conditions in 1987 DS (January-April). 
The experimental design was split-split plot with 
soybean varieties S.J2 and Elgin as main plots and 
two tillage treatments (conventional and none) as 
subplots. Irrigation was applied weekly during the 
reproductive phase, using the line source sprinkler 
;ystem based on about 0.8 class A pan evaporation 
"eplacement I d before each irrigation, 

Irrigation significantly improved yields ot both 
,arieties at both sites (Table 9, 10). SJ2 produced 
'righer grain yields in all irrigation treatments than 
did Elgin, averaging 22% better in upland and 42% 
oetter in lowland. Tillage treatments affected seed 
yield at both sites. The percent increase in g:ain 
yield due to irrigation was higher in Elgin than in 
SJ2. Yield response to water applied was higher in 
unland than in lowland, 

Effect of soil moisture on emergence of cowpea
and mungbean using the inverted-T seeder after 

lowland rice. This study examined the emergence
of cowpea IT2D-889 and mungbean Pagasa 
using the inverted-i seeder under varying soil 

moisture levels. The area was flood-irrigated to 
simulate the saturated condition prevailing after 
rice harvest. 

Both crops emerged best when seeded at 7d after 
flooding (DAF) (Table II). Seediig emergence 

was drastically reduced with seeding at I I DAF 
because of declining soil moisture. At 3 DAF, 
emergence ofboth crops was lower than at 5 and 7 
emergece Of hgh o l er a5nwast tha 
DAF because of high soil moisture. [or mung
bean, seedling emergence was comparable with 
seeding at 5 and 7 DAF. Cowpea emerged better 
than mungbean. 

Performance of maize and sorghum at different 
nitrogen levels. We examined maize and sorghum 
performance 	 at four N rates in 1987 DS after 
lowland rice with full tillage. N was applied half 
basal and half at 40 DAS. Maize IPB- and 
sorghum Cosor 5 were irrigated and received full 
plant protection. 

Sorglm yielded higher than maize al low N 
input (0-40 kg N/ha). Beyond 80 kg N/ha, maize 
produced higher grain yield than sorghum. 

The res;ults show sorghum's potential with low N 
input. 

Peanut establishment using the inveried-T 
seeder in postlowland rice environment. This 
experiment evaluated peanut (variety Kidang) per
formance after lowland rice using three seeding 
methods in RCBI). The inverted-T seeder and its 
modification, the T-groove, were compared with 
hand seeding. Row spacing was 50 cm, and seeding 
rate was M0 seeds/linear meter. Under high tillage, 
three passes of the upland power tiller (10 hp) 
prepared the land. For hand seeding, the rows were 
constructed with a dragstick attached to an Iseki 
hand tractor. 

Under both zero and high tillage, the mechanical 
seedings proved better than hand seeding (Table 
12). 

Better emergence produced greater seed yields at 
zero tillage. However, the yield of hand seeded 
peanut was close to that of inverted-T-seeded 
peanut because the former had more filled pods. 

At high tillage, the T-groove produced greater 
crop stand and seed yield. The inverted-T and hand 



Table 9. Effect of water stress and tillage on grain yield of soybean genotypes in an upland experiment. IRRI, 1987 DS. 

Grain yieldb 
(t/ha) 

Variety Tillagea 11 12 13 14 15 Mean 
(3211 (256) (186) (126) (58) 

Tillage Variety 

S.J2 CT 2.09 1.96 1.58 1.31 1.14 1.01 
SJ2 NT 2.07 1.79 1.52 1.34 0.99 1.54 1.58 
[Igin CT 2.02 1.85 1,18 0.95 0.75 1.35 
Elin NT 1.75 1.43 0.85 0.78 0.66 1.09 1.22 

Mean SJ2 2.08 1.88 1.55 1.33 1.07
 
Elgin 1.89 1.64 1.02 0.87 0.71
 

=
aCT = conventional tillage, NT no tillage. b11-15 irrigation regimes. Numbers in parentheses indicate the irrigation water 

received, in mm. 

Table 10. Effect of water stress and tillage on grain yield of soybean genotypes in a lowland experiment. IRRI, 1987 DS. 

Grain yield (t/ha) 

Variety Tillage 11 12 13 14 15 Mean 

(294) (232! (178) (192) (76) Tillage Variety 

S.J2 CT 3.16 2.36 2.33 1.78 1.59 2,24 
SJ2 NT 2.43 2.20 1.97 1.85 1.56 2.00 2.12 
Elgin cT 1.80 1.48 1.54 1.23 0.89 1.39 
Elgin NT 1.39 1.18 1.04 0.95 0.75 1.06 1.23 

Mean 	 SJ2 2.80 2.28 2.15 1.82 1.58
 
Ellin 1.60 1.33 1.29 1.09 0.82
 

Tablc 11. Emergence of cowpea and mungbean at differ- Table 12. 	 Crop stand, seed yield, and filled pods of 
ent dates after flooding. IRRI, 1987 DS. peanut under different seeding methods and tillage condi

___________ -% tions. IRRI, 1987 DS. 

Seeding date, Soil moisture Emergenceb (
%) 

(DAF)a ________Cowpeacontent 1%) - Tillage Crop Filled- Munghean 	 SeedSeeding yield stand pods 
condition method Ct/ha span nopa 

3 36.5 67.6 55.2 	 (t/ha) (plants/m 
2)  

(no./plan,) 
5 34.4 76.5 70.6 
7 31.0 86.5 71.3 Zero Inverted-T 1.16 7.6 14 

11 26.0 30.4 28.4 T-groove 1.3? 6.9 18 
aDays after flooding. bData taken at 10 DAS for each Hand seeding 1.10 5.8 21 

olantingj date. High 	 Inverted-T 1.82 6.1 24 
T-groove 2.00 7.3 23 
Hand seeding 1.81 6.4 22 

seeding were comparable. However, the three 
seeding methods gave comparable numbers of 
filled pods. hItercroppingwheat and maize. An experiment 

The results indicate that the T-groove opener is in an upland field in Los Bafios evaluated inter
an improvement over the inverted-T opener. The cropping wheat with maize. We tested 6 intercrop 
former produces a deeper furrow, suitable for combinations of2 wheat varieties and maize at 2 N 
peanut root growth. fertilizer levels (80 and 16(i kg N/ha). Wheat 

Agronomic management of wheat in tropical varieties UPLW-3 and Ciete Cerros were sown on 
environments. During 1987 DS, we continued to 12.1an 1987 in rows 15cm apart at 120 kgseed/ha. 
study cultural practices for wheat to maximize its Maize was planted at 40,000 plants/ha (PPH) at 
productivity in a postrice environment. 150-cm spacing (planting every 10th row). A maize 
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monoculture (60,000 P,H at 60-cm row spacin:-) 
arid a wheat monaculture were included. Fei-
,ilizers were 80-40-20 kg NPK/haand 160-60-t0kg 
NPK/ha. One-half of tileN plus the P and K were 
applied at sowing, wit', the remaining N applied at 
25 DAS. The crop waN ,iigatcu ,mid protectt.d 
from pests. 

The grain yields of intercropped wheat and 
maize were lower than those of the monocrops 
(Table 13), especially with maize. Increasing the N 
*evel from 80 to 160 kg/'iha increased the grain
yields of both wheat and maize in monoculture and 
in the itercrop. UPLW-3 appeared to be better 
adapted than Ciete Cerros in both intercropping 
and N fertilizer treatments. Maize yield increast-d 
at the ctpense of Ciete Cerrus yield. Total pro-
ductivity (express:d as land equivalent ratio 
[IERJ) was highest with UPLW-3 F maize inter-
croppingat kgg0Nihak (LER = 1.21). Significant 
increases in wheat and maize grain yields came 
primarily from better management. 

Elffict on wheat of simulated defoliation amtz 
awn removal. High humidity and temperature 
encourage leaf spot caused bN Hehninthopo,.iwn 
sp., reducing the effective leaf area of wheat, 
especially in the humid tropics. In 1987 DS, we 
studied the effect of reduced leaf area on wheat 

grain yield and the sensitivity of wheat to change in 


"able 13. Grain yields and land equivalent ratio for wvheat

and maize intercrop. IRRI, 1987 DS. 


Grain yield 
(t/ha) Land equivalent ratio

Treatment 

Wheat Maize Wheat Maize Total 

UPLW-3 + maize 

80 kg N/ha 1.63 3.12 41.4 
 56.6 1.18

160 kg N/ha 1.77 3.99 47.538.8 1.21 
Ciete Cerros + maize 

160 kg N/ha 1.29 4.12 23.9 50.5 1.18 
Maize 

80 kg N/ha - 6.81 - 1.0 1.0
160 kg N/ha - 7.81 - 1.0 1.0 

UPLW-3 

80 kg N/ha 2.g3 - 1.0 - 1.0
160 kg N/ha 2.54 - 1.0  1.0 

Ciete 	Cerros 
160 kg N/ha 1.29 - 1.0 - 1.0 

ANOVA 

14 289 


source- and sink-proportior in the cultivars 
Sonalika and UPLW-3. 

fhc crop was sown in 20-cm riws using 120 kg 
seed /ha in awell-tilled, silly clay field. NP at 50-50 
kg; ha was given basally at sowing, with 50 kg
V ha via irrigation. Pests and diseases were 
adequattely controlled. 

Wheat was clipped at anthesis (45 DAS) in 3 
cen:ral rows of each plot. Leaves or awns were 
reduced by clipping with scissors (Table 14).

Clipping significantly reduced the mean dry 
matter where all leaves wee clipped except flag
leaves (T3), all leaves were clipped (T4), and all 
leaves wcie clipped and the stem wrapped with 
al,'minum foil (T5). 

Grain weight also significantly decined in these 
treatments. Grain size was smallest '/hen all leaves 
w-re clipped and the stem wrapped with al.iminum 
foil. Clippingoa,Dol lpig all awns, one-hialf oft he awns, and 
half of the lamrina of the flag leaves did not 
significantly reduce dry matter, seed yield, or seed 
weight. 

Grain number was reduced when all leaves 
except the flag leaves were clipped or when the 
stem was wrapped with aluminum foil. On the 
other hand, clipping awns alone or lamina of the 
flag leaves to reduce leaf area did not affect grain 
setting. 

Table 14. Effect of awn removal and defoliation on mean
 
y~eld ar.j yield components of wheat. 
 19RI, 1987 DS. 

Grain Dry 1000-

Treatment 
 yield matter grain Grains 

(t/hj) (t/ha) weight (no./m') 
(kg) 

Ti1 All awns clipped 2.52 7.36 36.7 9446
T2 All flag leaves 2.33 6.54 34.4 6767 

clipped 

T3 All leaves except 2.21 5.81 35.5 6278 
flag leaves clipped

T4 All leaves clipped 1.57 4.63 2R.4 5577T5 	 Al leaves clipped 0.67 3.77 17.8 3826 
and stem wrapped 
with aluminum foil 

T6 All flag leaves + 2.38 6.84 33.3 7174 
afvns clipped

T7 Control 2.68 7.05 38.0 7170
T8 	 1/2 awns clipped 2.61 7.11 37.7 6927T9 	 1/2 lamina of the 2.62 7.06 36.4 7252 

flag leaves clipped 

ANOVA 
SE 141 520- 1.22 427 



CROPPING SYSTEMS PROGRAM 489 

The results indicate that leaf area loss from Table 15. Effect of shading on yield and yield compo.
diseases such as Ihlninilhosvporin leaf spot can nents of wheat. IRRI, 1987 DS. 
be tolerated as long as the disease does not occur Grain Dry 1000- Grans 
early in crop growth. Treatment yield matter grain (no./,n )

2 

E/h'cIS 0f/sluding. A simulated shadihg study 	 (t/ha) (t/ha) weight (r, 
measured whtat's sensitivity to shading duration. leheat variety


h
he experiment was sown on 27 Dec 1986 in 20-cm UPLW-2 1.91 5.78 2-.5 6434 
rows 	at 120 1, seed ha in a well-tilled, silty clay 2213-15 2.15 5.59 32.-1 6881

DWR-39 2.02 27.5fiekd. Fcrtili/er NP1K at 50-50-50 kg/ ha was applied 	 5.41 7414
Sonora 64 1.87 4.74 29.4 6418 

as basal, and 50 kg N,'ha was sidedressed at 25 Shading duration 
DAS. The crop ,,a; irrigated, and pests and Control 2.14 5.41 30.5 7036 
diseases were adequately controlled. At anthesis 3045 DAS 1.95 5.20 31.6 6190 
(45 l)A!. leafarea index varied from 1.88 to 3.88 	 45 DAS-maturity 2.26 6.41 27.0 849830 DAS-maturity 1.61 4.50 29.8 5425
 
among cultivars. but dry matter was similar (340 ANOVA: variety ns ns ns
 
- ml. Shading 

The shading treatments were applied to four SE 330.1 751 1.68 1209 
wheat varieties a, four growth stages. Radiation 
was reduced to 5011i by stretching layers of nylon 
net over the canop. Table 16. Grain yield of UPLRi-5 as affected by P, lime,

Dry matter and grain number declined signifi- and residues. Claveria, Misamis Oriental, Philippines, crop 
cantly with shadirig from 30 DAS to maturity years 1935-86 and i986-87. 
(Table 15), but not with shading from 30 to 45 Grain yield (t/ha)

DAS or from 45 DAS to maturity. Treatmenta
 

"1985-86 1986-87 

tJl'lIANI) SYSTEIMS Control 	 5.9 1.7 
With residue (R)b 6.3 1.6 
P (26 kg P/ha) 7.1 2.2Crop residue management in an upland rice - P + R 6.9 1.7
 

maize sequenct. Upland farmers usually burn or L (3t lime/ha) 6.6 2.1
 
remove rice residue before preparing land for the 	 L + R 5.8 1.6
 

L +P 7.4 2.1
next crop. A long-term study on crop residue L + P + R 6.9 2.0
 
incorporation and P and lime rates was begun in 
 cv (%) 11 16 

R21985 to evaluate their immediate and long-term 0.5 0.7
 
effects in a rice - niaize cropping seuuente. In aN was applied at 50 kg/ha, bResidue was Incorporated

1985-86, the first crop rice yields were influenced fo the successive crop.
 
mainly by P application (Table 16).
 

The succeeding maize crop yields were signifi
cantly improved by lime or by P, but residue during residue breakdown. Research is needed 
incorporation did not add to these increases, on methods of handling residues to maxim'ize 
However, residue with both time and P increased their nutrient benefits, while avoiding growth
mai;e yield, though not statistically significantly. depression. 

Maize residues reduced yields of subsequent Intercropping of rice, cowpea, and mungbean in 
upland rice, contrary to expectations. A drought low-input upland rice-based cropping systems.
during the rice reproductive phase may have Cereals or root crops dominate legumes in upland
influenc:(d this respcnse. P continued to improve rice-based cropping systems. Yet N seriously limits 
rice grain yield except when combined with maize biomass production arid grain yield in all cereal
crop residues. Yields during the 1986-87 season based sequences. In soils of low fertility and 
were low, ranging from 1.6 to 2.2 t/ ha (Table 16). without fertilizer, growing legumes with cereals 

The growth-depressing effects of maize residues often increases N availability and stabilizes pro
op rice are presumed to be due to N immobilization duction. This research examined the effects of 
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intercropping grain or forage legumes with upland
rice, 

Experiments were conducted from 1983 to 1986
in several fields on the upland farm at IRRI, and on 

a farm in Claveria, Misamis Oriental. Philippines. 
Soils at IRRI were Typic Tropudalfs of clay to clay 
loam texture, acidic(pH 5.3-5.6), with low inherent 
N fertility (0.10-0.14"'1) but abunddnt 1) (18-50 
ppm) and K (1.12-1.34 meq,'10O g). Soils at the 
rolling upland Claveria site were Oxic lystropepts
of 70% clay, strongl,, acidic (pH 4.0-4.5), and of 

wIMonocroppE.
low available P (7-4 ppm) and K (0.1 2 meq/ 
100 g). 

To id-ntify cultivars of cowpea and mungbean 
compatible with rice, we tested materials ranging 
widely in maturity and growth habit. Early
naturing (60-65 d), determinate cultivars such as 
lT82D-889 yielded higl; with low rice yield 
r luction. 

Early, determinate cultivars of cowpea and 
mungbcan were combined with a modern upland 

rice variety (UPLRi-5 or IJPLRi-7) of 125-d 
duration. Two or three rice rows were alternated 
with one row of legume. Crop ratios, applied N, 
and irrigation water availability varied. Results of 
the individuail experiments are found in the Annual 
reports for 1984, 1985, and 1986. 
I,,most experiments and treatments, yields of 

the rice monocrop ranged from 1.0 to 2.5 t/ha, 
indicating that the sites needed N application. In 
rice intercropped with mungbean or cowpea, rice 
and legume yields were reduced relative to the yield 
of monocrops (Fig. 5). Two-thirds of the land area 
was oLcupied by rice and one-third by the legume. 
Both crops yielded more than expected from the 
respective ground areas. In some cases, the grain 
yields of intercropped rice and monccropped rice 
werc the same, indicating that the competitive 
effect of the legume was negligible. 

Yields of the intc"-rop components are plotted 
as a function of their respective monoculture 
checks in Figure 6. The LERs were calculated as 
the land area required, using monoculture, to equal 
the total yield of a hectare of the intercrop. Tile 
diagonal lines in Figure 6 represent LER levels, 
The LER varied between 1.2 and 1.8. indicating 
increased intercrop efficiency. Figure 6 also shows 
that intercropped rice yields were generally 
between 70 and 100% of rice alone, and inter-

,ntenrcropped rice Intercropped legdme 
groin yield (t/ho) grain yield t/ho) 

ice 2 -une 
3 With N 

' 
IItLine 50-75 kg) 
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I1Line 
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ov -- t1 __j 0o 2
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.Ittcrcropped rice and legume eiiclds tita netitn of thcir 
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.icldishascd ot the ield areca occupied it the it.tercrop. 
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6.Rice and legume yields as a fraction of the monoculture 
check yields, and land equivalent ratios. IRRI. 1984. 1985, 
1985. 

cropped legume yields between 60 and 80% of their 
monocrop yields. 

The total N uptake of rice alone (straw + grain) 
varied between 21.6 and 39.5 kg/ha among 
experiments and treatments (Table 17). The N 
uptake of intercropped rice ranged from 19.5 to 
35.9 kg/ha. Mean N yields for rice intercropped 
and alone were similar. N uptake calculated per 
unit area of rice in the interciop exceeded that for 
the rice monocrop in all experiments, indicating 

http:1.12-1.34
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Table 17. N yield of rice monocrop and intercrop. IRRI, during rice growth, and the tops were applied as a 
1984, 1985, and 1986. grecn leaf mulch. Cowpea grain was harvested 

Nyield after clipping ceased during the rice reproductive 
Experiment Rice phase. Lablab continued to supply GM, fodder, 

or monocrop Intercropped Rice within and seed 
treatment (kg N/ha) ricea infercropb yield uring (Fig. 7). 

The experiment used five treatments (Table 18)kg/ha Percentc kg/ha PercentC21.6  under rainfed conditions. The rice monocrop was1 21.6 23.7 110 35.4 164 
2 26.6 19.5 73 29.1 109 sown in 20-cm rows. In intercrops, three rice rows 
3 27.7 28.6 103 42.7 154 alternated with one legume row. Green leaf manure 
4 28.1 28.0 100 41.8 149 clipped from the legume monocrop was applied to 
5 29.8 33.8 113 50.4 169 
6 31.0 34.8 112 51.9 167 the rice monocrop when the intercrop legumes 
7 34.1 31.5 92 47.0 138 were clipped. These treatments simulated the 
8 34.6 25.8 75 38.5 111 application of green leaf manure from equal-sized 
9 35.4 33.4 94 50.0 141
 

10 39.5 35.9 91 53.6 136 areas outside the rice area.
 

Mean 30.8 29.5 96 44.0 142 Both legumes had excellent vegetative growth 
y et- (Fig. 8). Legumes were first clipped at 40 DAS. 

N yield per unit area of the intercrop, b N yield per unit Cowpca could not be clipped subsequently because 
area of rice within the intercrop, i.e., sole rice equivalent.

Cpercent of rice monocrop N uptake, it soon flowered. Lablab was clipped again at 58
 

and 73 DAS. Clipped foliage was mulched between 
rice rows. 

that the per plant N nutrition of intercropped rice In intercrops, the total N of clippings applied to 
was superior to that in nonoculture rice. The rice was 21 kg/ ha from cowpea and 17, 28, and 48 
reduction in N yield in intercropped rice was much kg' ha (92.5 kg N/ha total) from lablab. The 
lower than tihe reduction in grain yield. N was more cowpea monocrop supplied 24.3 kg N/ha in green
available io rice when rice was intercropped with a leaf manure, and the lablab monocrop 109.2 kg 
grain Icgunu.. N," ha. The grain yield and total N uptake (Table 

(tontribution of intercropped indeterminate
 
legumes to nitrogen in low-input upland rice-based
 
cropping .ystems. Upland rice and determinate Rainfoll (mm/mo)
 

cowpca or iunhcan are compatible crops their 300
 

intercropping at a 2:1 area ratio produces 80; of 250 "
 
the ice monocrop yield, plus 4egume grain. Yet,
 
low~er rice yield inay not be acc.ptablc to sub- 20c) Green ....ne
 

sistence farmers having small landholdings, large 15o Foddnr,
 

families, and rice as their staple food. Upland rice Green ]owdown
manures 

Iarnixrs would prefer rice yields a, their monocrop 100 ::::Reproductie Pse,, 
level w\vn legume yield as a bonus. 50 

\We studied the feasibility of using indeterminate 
cowpea cultivars and lablab (Lahlah, puipurus, o 
formcrly l)olichS hLah 1..) as sources of GM for L III 

t
Laeblaob b Ltblob

upland rice, with additional legume grain and T' R V! . 
fodder yield. Both crops have luxuriant vegetation cowea il. ::1 

arld good N fixation. Cowpea wili growy on the Rice 

acid, inlfertile soils of' iost upland rice areas. R,ce 

1.ablhb tolerates d1'ought, produces quality fodder, S Pr FL :,, 
rcgrows after clipping, and produces edible pods M J J A S 0 N D J F M A M 

and seeds. 7.Maior treatments in an expe!iinent on the intercropping of 
rice and indeterminate legumes for green leaf manure andUpland rice was grown between rows of the two plo%%down GM, IRRI. 1986 WS. S= seedbed, PI = panicle 

legumes. The legu, ,es were clipped severfl times initiation. FL =' flowering, M= maw'ity. 
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Table 18. Grain and N yields of rice monocrop and rice intarcropped with indeterminate cowpea and lablab. IRRI, 1986
87 WS. 

N Yield per unit area Yield per unit Legume 
Treatment added by of intercrop area of rice grain

clippings Grain N % N Grain N yield
(kg/ha) (t/ha) (kg/ha) in grain (t/ha) (kg/ha) (t/ha) 

Rice monocrop 0 1.5 28.9 1.00 1.5 28.9 
Rice + cowpea intercrop 21.0 1.5 34.9 1.30 1.8 43.7 1.02 
Rice monocrop with 24.3 0 .9a b b 1.9 b 1.32 

cowpea monocrop leaves
 
Rice + lablab intercrop 92.5 1.9 48.0 1.37 60.0
2.3 0.50
Rice nionocrop with 109.2 1 .5a b b 2.9 b 
lablab monocrop leaves
 

Cowpea monocrop  - - - 1.83 
SE 0.2 0.04 -

AN OVA
 

aYields are expressed per unit of the total area occupied by monocrops. bNot sampled. 

18) of rice intercropped with cowpea equaled that grain yields were substantially lower than those of 
of the rice monocrop. A bonus cowpea yield of 1.02 intercropped rice. The N added by mulch did not 
t/ ha was obtained without reducing rice pro- compensate for the area taken up by the cowpea
ductivity. supplying the mulch. The N supply from cowpea

When the rice monocrop was mulched with clippings in the intercrop, together wit.; the greater
 
green leaf manure from the cowpea monocror, root exploration, enabled rice to compensate
 

entirely for the' 33% reduction in area occupied. 
The N uptake per unit area of rice increased from 
28.9 to 43.7 kg/ha or 51%. 

.,.-When intercropped with lablab, rice yields were 
w,significantly increased by 0.4 t/ha, and product

,' ivity per unit of actual rice area rose from 1.5 to 2.3 
<t/ha (Table 18). The increased rice yields in the 

. I intercrop were associated with a 66% increase in 
TI F ~ rice N uptake per unit area of intercrop, and a 

104% increase in N uptake per unit area of rice 
within the intercrop. N uptake efficiency, estimated 
by increase in N,yield per kilogram of N applied in 
clippings, was relatively low at 0.21. The ratio was 
0.34 calculated by N yield per unit area of rice. 
Thus, uptake efficiency could be increased by 
better manipulation of the legume cutting regime 
and soil incorporation of the green leaf manure. 

Intercropping improved rice grain quality (Table 
19). The percent N in rice grains was 30% higher in 
the rice + cowpea intercrop and 37% higher in the 
rice + lablab intercrop. 

The higher grain yield in the rice + lablab 
intercrop was a function of the higher harvest 

8. Views of the field experiment on intercropping indeter- index (HI) (Tale 19). The TDMY of rice did not 
minate legumes with upland rice for green leaf manure: a) rice differ between monocrop and intercrop, but the 
+ cowpea, b) rice + lablab. IRRI, 1986 WS. grain yield of the intercropped rice was higher. 
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Table 19. Grain yield and yield Lomponents of solo rice and rice intercropped with indeterminate cowpea and lablab. IRRI, 
1986-87 WS. 

Grain Harvest Panicles Grains Grains 1000-
Treatment yield TDMY index (no./m 2 ) (no,/m 2 ) (no./panicle) grain 

(t/ha) (t/ha) W wt (g) 

Rice monocrop 1.5 4.49 0.35 214 5674 26.5 27.3 
Rice + cowpea 1.5 3.56 0.41 149 5439 36.5 26.8 
Rice monocrup with cowpea 0.9 2.91 0.32 144 3418 23.7 27.5 

monocroo leaves 
Rice + lablab 1.9 4.51 0.42 169 6839 40.5 27.5 
Rice monocrop with lablab leaves 1.5 137 0.41 145 5088 35.1 28.6 

SE 0.2 0.44 0.03 14 700 0.4 
ANOVA ** * ** 

Panicles per m- was less ii,tihe intercrop, but grains Table 20. Effect of plant interactions on graia yields of2per paniele and grains per n increased sub- intercropped rice and mungbean and N yield of rice.per grinsperanicc ad n- icresed ub- IRRI1, 1986 WS. 
stantially. The H I of rice also increased in the rice + 
cowpea intercrop, with higher grains per n 2. Grain yield Rice Percent 

After rice harvest, lablab grew through the 5-mo Taeha) N N in 
Treamentuptake riceI). reaching I m height by 1987 WS. The 19.0 Rice MunTahean kg/ha) grain 

t'ha fresh biomass was incorporated into the soil 
just before rice seeding. T1 Intercrop 1.4 0.81 33.4 1.23 

T2 Intercrop with 1.0 0.82 24.9 1.20Nitrogen transfer and crop growth interactions no belowground
 
of intercropped mungbean and rice. The increase interactiona
 
in N availability in rice intercropped with a grain T3 Intercrop with 1.3 0.74 33.1 1.19
 

slots preparedlegume might be due to N transfer from the legume (control for T2)b
 
to rice, or to greater soil and aerial volume T4 Intercropwith 1.3 0.73 27.7 1.15
 
available to the rice, or to both. N could be abscissed mung
transferred by direct excretion, nodule and root T5 bean leaves removed 

T5 Rice monocrop 1.8 - 35.4 1.02 
decay, leaching from leaves, or decomposition of T6 Rice monocrop - 1.3 - 28.6 1.13 

fallen leaves. 3d row removedc 
T7 Mungbean mono- - 0.84 - -

In a cereal + legume intercrop, N uptake by the crop 
cereal may be influenced by the two crops' relative ANOVA 
use of soil utineral N. Other factors are the greater SE 0.1 0.05 3.1 0.04 
root volume of the cereal crop because of dif- aGalvanized iron sheets placed in slots between rows to 

ferences in rooting, and the availability of vacant 50 cm depth. bSlots prepared for GI sheets as In T2, but 

soil volume after harvest of the earlier maturing sheets not inserted. (Plaits removed at harvest of mung

leIgum The rice and legume in a 125-d rice inter- bean. 
croppet 'ith a 65-d mungbean or 65-d cowpea do 
not stro. gly compete for growth resources, includ- control (T3) used vertical openings 50 cm deep. T3 
ing N. separated the effects on crop performance of soil 

Two 2xperiments measured the contributions of disturbance during barrier insertion. The N trans
different growth resources to intercropped rice fer of abscissed mungbean leaves to intercropped 
grain and Nyields, and partitioned these effects. rice was measured by removing all abscissed leaves 

The first experiment used two monocrops of from plots every second day, starting at 40 DAS 
rice, one monocrop of mungbean, and four inter- (T4). To quantify any advantage to intercropped 
crop treatments (Table 20). Below-ground contact rice of an increase in soil volume available after 
between the intercropped rice and mungbean roots mungbean harvest, every third row of rice in arice 
was prevented (inT2) by placing vertical sheets of monocrop was harvested (T6) when mungbean 
galvanized iron 50 cm deep between rows. A was harvested in the intercrops. An undisturbed 
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intercrop (TI), rice monocrop (T5). and mungbean 
monocrop (17) were included, 

The rice monocrop (UPLRi-7, 115-120 d dura-
(ion) was drilled in 20-cm rows using 100 kg 
seed/ha. The mungbean monocrop (EG MG 174-
3,60-65 d duration) was seeded in 40-cm rows and 
then, alter germination, thinned to 12-15 plants/ 
liiiear meter. In intercrops sown in 20-cm rows, 2 
rice rows ahernated with I row of mungbean. The 
experiment was laid out in RCBI) with four 
replications, 

The grain yield of intercropped rice was 20% less 
than that of rice alone, hut N yields were similar 
(Table 20). In the intercrop with barrier (12), rice 
yield and N content were significantly reduced. 
Mungbean grain and N yields were unaffected by
intercropping(T2). Mungbean and riceapparently 

did not compete because they differed ingrowth

duration and rooting depth. 

Abscissed miungbean leaves added 15.5 kg N ha 
to the soil surface at 43-60 I)AS. Although the N 
yield of rice was 5.7 kg, ha ( 17j) lower when 
abscissed mungbean leaves were removed, this was 
not statistically significant. Removing every third 
row of rice at mungbean harvest (16) produced rice 
yields equal to those in the intercrop (TI) (Table 

20). The N yield of rice was lower but not 
significantly so. The percent N in the rice grain was 
significantly reduced compared with that in the 
intercrop, 
The results show that yield compensation was 


due mostly to the increased soil and aerial space 

available after mungbean harvest. Net direct N 

transfer was minor. Comparison of 12 and T6 

suggests that the substantial drop in rice yield with 

restricted rice root growth (12) was due primarily 

to !ess soil volume accessible to the rice roots for N 
extraction, 

The second experiment (Table 21) added treat-
ments to quantify the effect on intercropped rice of 
mungbean stover incorporated within the row after 
mungbean harvest (T7),and the effect oin mono)-
cropped rice of a skip row to represent the space 
mungbean would have occupied in the intercrop 
(T8). 


The results were similar to those in the first 
experiment. Incorporation of mungbean stover at 
harvest (T7) did not increase rice yield and N 
uptake by rice compared with allowing the biomass 
to remain on the soil surface. 

Table 21. Effect of belowground plant interaction on 
grain yield of intercropped rice and mungbean and N up. 
take by rice. IRRI, 1987 WS. 

Grain yield (t/ha) Rice 
Treatment N uptake 

Rice Mungbean (kg/ha) 

T1 Intercrop 2.0 0.95 41.1 
T2 Intercrop with no 0.6 0.75 26.8 

interactonabelowground
T3 Intercrop with slots 1.8 1.05 43.9 

prepared (controlfor T2)h 

T4 Intercrop with 1.9 1.15 40.8 
abscissed mungbean 
leaves removed
 

T5 Rice alone 2.3 38.2T6 Rice alone - 3d row 1.7 - 31.9 

removedc 
T7 Intercrop - mungbeanl.7 1.18 40.5
 

incorporated at harvest
 
T8 Rice alone -. every 2.6  43.53d row vacant
 
T9 Munqbean alone - 1.70
 

ANOVA 
SE 0.3 0.13
 

aGalvanized iron sheets placed in slots between rows to 
50 cm depth. bSlots prepared for GI sheets as in T2, but 
sheets not inserted. CPlonts removed at harvest of mung.
bean. 

18 results reinforce the main finding in the first
 
experiment. By leaving the third row 'acant
 
throughout the growing season, the rice grain yield
 
and N uptake were higher (although not signifi
cantly) than with the rice monocrop. They were 
significantly higher than in the intercropped treat
ments, even though the area of rice was the same. 
This further supports the hypothesis that rice yield 
with a mungbean intercrop benefits from increased 
soil and aerial space after mungbean harvest. Skip 
row planting yielded as well as uniform planting, 
suggesting better use of space and time in low-input 
upland rice systems by intercropping with a short
duration legume. 

Effects of spacing between mungbean and rice. 
The compensatory benefit to adjacent rice rows in 
an intercrop was studied. Intimacy was varied by 
planting 10 rice rows alternating with 5 mungbean 
rows. At maturity, each rice row's grain and N yield 
were measured. Rice yield and N uptake increased 
when the rice rows were closer to the mungbean. 

The rice row most intimately associated with 
mungbean had 26g4 higher grain yield and 52% 
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higher N yield than the fourth row away, which material. The grain yield performance across 
was essentially rice alone. 'The effects were signifi- fertilizer material was cowpea > soybean > mung
cant to the second row. 50 cm from mungbean. bean. For nodule count, the ranking was cowpea > 

Grain legume nutrient management in acid mungbean > soybean. In general, the 3 legumes 
upland soils. We compared the performance of responded to fertilizer material following the order 
mungbean, soybean, and cowpea with varying 2.5tCM+ 17kgP>5.0tCM>20kgN+ 17kgP 
rates of chicken manure (CM) and inorganic + 33 kg K > unfertilized control. Organic matter 
frr,iier in Claveria, Misamis Oriental, Philip- and P helped the legumes adapt to this acid upland 
pines, during 1985 WS. environment. 

Grain yield and nodule count (Fig. 9) varied 	 The experiment on lime and P application on 
significantly with crop species and fertilizer 	 mungbean (Annual report for 1986) was followed 

by an experiment on the following maize crop to 
evaluate the residual effects of 3 t lime/!ha and 

3,romYeld Wt, 	 varying levels of P applied to the mungbean. The 
maize crop was uniformly fertilized with 50 kg 
N/ ha. Maize responded significantly to treatments 
applied to mungbean in the previous season. 

The responses varied significantly with the 
inherent fertility of the fields (Fig. 10, II). Strong 
responses to residual P were observed at three of 

6 four low-fertility sites and one of two high-fertility 
sites. The results indicatL that maize does not need 

0Z lime and P application when the preceding mung
.. : .	 bean crop isfertilized with high rates, especially in 

fields with high inherent fertility. Residual lime 
improved residual P use by maize. 

Soil fertility management to sustain rice yields in
01 	 id upland environments. Experiments in farmers' 

fields in 1985 and 1986 WS determined the fer-

Nodules (no) tili,cr response of upland rice on acid upland soils 
300 of('lavcria. Misamis Oriental. Twelve treatnents 

combined N. 1). K. and lime applied to rice cultivar 
e~ccontrl m I. PI.Ri-5. Mill Untreated control. 

25020-17-33 kgNPK Mcan grain yields are shown in Tables 22 and 
50,CM/ho
2, P	 

23. Yields varied greatly across locations and251 CV/ha 4 1 

200 - treatments. In 1985. control yields ranged from 1.5 
to 4.6 t ha. Except in field 4. yield responses to 
fertili/er treatmtuents were statistically significant. 

150 L.imc did not significantly improve yield. 
Response differences across fields suggest that 

100 - fields differ in fertility. The yield response and 
location placed field I in the high-fertility stratum 
and fields 2, 3, and 4 in thelow-fertilitystratum. 

50 High-fertility stratum fields have slopes of 3-8% or 
'1:':: less, organic C > 2.0%, Olsen P > 5.0 ppm, Bray P 

- _ > 10.0 ppm, CEC > 14.0 meq/ 100 g, total N > 
Mungbeon Soybeon Copea 0.22%, exchangeable K > 0.2 meq/ 100 g, and pH 

9. (uin .ield and nodules ol 3 legume species asatlected by >5.0.
 
chicken manure (CM) and inorganic fertilier. Claveria. In 1986, severe drought reduced yields of
 
Misalnis Oriental. Philippines. 1985 WS. UPLRi-5 to 40-50% of the 1985 levels. Fertilizer
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Kaingongon Hinoplanon Cabacungon Plondil
 
Maize yield (/ha)
 
6 0 With hme 0 0 With lime 
 1 OWith lime 

0
: I22+002BP-C i001lP 
Z 

29:t52+0000t7P- o0002P Wl1 275 +004,,-0 0.p :0 35 f0031P-00C016P2 
4 5 - R':073 R':040 R;-079 R-=0374 t1hitout ,ma - Without lime 0 Without lime * Without I me "':01 zC=182+0012P-000005P2 9'043P-0O003P' Y:0 731+00 P-000015P2 =0 269+00189P-00001p22R':-056 0 R _022 0 

35

2 1Rz:013 
0 0 0 0 0 

0 0 

15 0 0 0 

0 1'
0 30 60 90 120 0 30 60 90 120 0 30 60 90 120 0 30 60 90 120 
P level (kg/ho)on mung 

10. Grain yield response of maize IP11 Var I to residual effects of P and lime applied to the previous mungbean crop in the low soillertility stratum. Claveria, Misamis Oriental, Philippines, 1986-87. 

Maize yikld l/ho) 8Table 22. Grain yield of UPLRi-5 in 4 farmers' fields as 
PCm[nio Ar -1 affected by NPK and lime. Claveria, Misamis Oriental, 

o wt lime Io o Philippines, 1985 WS. 
60 - ':315+00l2P-000005Pl 0R':0e20 o Q Treatment Grain yield (t/ha) 

00 1 2 3 4 
45 0 0 

0 - --
1 Control 4.6 2.6 1.5 1.8 

0 -r0 2 Lime 5.2 4.5 2.1 1.9
0 Wihhme30 3 25 N 5.2 3.5 2.6 1.9 

Y378+003'P-°0 2°P 4 25 N + lime 5.1 3.4 2.4 1.9 
•W,.me R-=:046 25 N5 + 9 P 5.6 4.7 2.7 2.1

Y. 254+0oo 1Oo *Without lime 6 25 N + 9 P + lime 5.8 3.7 2.3 2.1 
':34 i Y:3 +o 30-oolg , 7 50 N + 9 P 5.7 4.3 2.9 1.9 

54 82-8 50N +9P+lime 5.8 4.6 3.4 2.3
O0-___I_//___ 

_ 9 50N+18P 6.0 30 60 90 1200 30 60 4.3 3.0 2.390 120 10 50 N + 18 P +lime5.E 4.0 3.5 2.3
N evel (kg/ha) on mung 11 50N +36 P 7.0 4.1 3.4 2.6 

12 50 N + 18 P + 5.7 4.2 3.1 2.6!I. Grain yield response of mai'e IPI Var I to residual effects 25 K + lime
 
of P and lime applied to the previous mungbean crop in the
 
high soil fertility stratum, Claveria. Misamis Oriental, Philip-
 LSD (0.05) 0.8 0.9 0.6 0.5pines, 1986-87. V (%) 15 23 23 21 

R 
2 

0.46 0.52 0.57 0.51 

aField 1 was in the high-fertility stratum; fields 2, 3, andeffects were significant only in two fields. Lime was 4 were in the low-fertility stratum. 
important in field 2. 

Net benefit curves for each soil fertility stratum 
in 1985 WS are given in Figure 12a. In the high- used to compute the marginal benefit-cost ratio
fertility stratum, 4 treatments were considered not ('MBCR) shown in Table 24. In the high-fertility
dominated, i.e., they had yields not exceeded by stratum,.application of 25 kg N gave the highest
other treatments at comparable investment levels. MBCR of 4.02. This treatment cost only$15.90/ha.
These treatments were 25 kg N, 25 kg N + 9 kg P, The highest net benefit was obtained from 50 kg N
50kg N + 18 kg P, and 50kg N + 36kg P. In the + 36 kg P; however, its M BCR was lower at 2.81.
low-fertility stratum, only 2 treatments were not In the low-fertility stratum, applying 25 kg N/ha
dominated (25 kg N and 25 kg N + 9 kg P). The gave MBCR of 3.77. 
values for the yield, gross returns, and variable Although P is lw in these soils, N remains the 
costs from these nondominated treatments were most limiting nutrient. However, as applied N 



Table 23. Grain yield of UPLRi-5 in 4 farmers' fieldsaas 
affected by NPK and lime. Claveria, Misamis Oriental, 
Philippines, 1986-87. 

Treatment 

1 Control 
2 Lime (L) 
3 25 N 
4 25 N + L 
5 25N+9P 
6 25 N +9P5+ L 
7 50 N + 9 P 
8 50 N + 9 P + L 
9 50 N + 18 P 

10 50 N + 18 P + L 

1.1 
0.8 
1.2 
1.1 
1.0 
1.1 
1.1 
0.8 
0.8 
0.7 

11 50N+ 18 P+30K+ LO.6 
12 50 N + 36 P 0.7 

CV %) 29 
R2 0.6 

Grain yield (t/ha) 

1.4 1.9 2.5 
1.8 1.8 2.7 
1.4 1.5 2.3 
1.6 2.2 2.4 
1.8 1.8 2.3 
2., 2.0 2.4 
1.8 1.4 2.5 
1.9 2.0 2.2 
2.2 2.1 2.6 
1.9 1.9 2.3 
2.2 2.2 2.5 
2.4 2,4 2.4 

17 24 12 
0.6 0.4 0.2 

aFields 1 and 2 wv.re in the low-fertility stratum; fields 3 

and 4 were in the high-fertility stratum. 

increases, the P requirement rises. Applying lime 
reduced the net benefit by as much as $34/ha, an 
uneconomical result if evaluated considering 
upland rice only. 

Figure 12b shows the relationship between net 
benefit and total variable cost for two soil fertility 

Net benefit ($/ha) 

600 
-igh ferhhty 

.5 N+9 P 
• 

450 - #... 3 t/hi]50N+9P25N 

'ontrol me 

Low fsrhtity 

300 
25N+9P 

050N+9 P+ me 
25 N+hme 50 N+18 P+25 K 

50 N+9 P lime 

a) 1985 WS 
50 N+36 P 

50 N+lB F 
25 N1 9 P+hme 

5 + l __¢ 0 50 N+18 P+lhme 
h * 

80 - P -- 5 3ontrofLime 

2' N 0 50 N+18 P 00 ,50 f1+18 P+hme 
3 t5 0N+ime50 

Conl-,l lime C0 25 N+9 P 50 N+18 P+25 K
750 25N + lime 

+tlime 

1 1I I I 
0 25 50 75 100 125 
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Table 24. Com'iutation of the marginal benefit-cost ratio 
(MBCR) for undominated NPK and lime treatments on 
upland rice UPLRi-5. 
pines, 1985 WS. 

Treatment 
increment 

Claveria, Misamis Oriental, Philip-

Marginal Marginalcost benefit MBCR
($/ha; 

High-fertility stratum 
Control - 25 N 15.90 
25 N -25 N + 9 P 13.70 

25N+9P-50N+ 18P 29.45 
5N + 18 P -50 N + 36 P 30.10 

Low-fertility stratum 
Control - 25 N 15.90 
25 N -25 N + 9 P 13.70 

($/ha) 

63.95 4.02 
33.75 2.46 

53.45 1.81 
84.60 2.81 

64.00 3.77 
47.20 3.44 

strata during 1986 WS. Fertilizer treatments in the 
high-fertility stratum generally gave higher net 
benefits than those in the low-fertility stratum. 
Because of very low yield response even with high 
fertilizer rates, no fertilizer treatment was ,"n
sidered nondominated. Therefore, MBCRs could 
not be calculated. 

Lime rate and incorporation methods in rice
based cropping systems. Begun in 1985, this study 
uses three methods of lime incorporation and two 
lime rates to determine the long-term residual 
effects of lime. Results on upland rice UPLRi-5 in 

b) 1986 WS 

50 N + 9 P 

I r-50 N+9 P+lime 
25ntro50N3P 

N+36PI5 * l 0 o0..HN+18fP 
High fertility 

O i j I 
25 N25 N+9 P1 0 Low fertility 

25 N+9 P 0,+lime 50N+18 P 0 56 N+18 P+30 K 

I I+
h 
me I I I 

0 25 50 75 100 125 

Total variable cost ($/ha) 

12. (a) Net henetit curve for 12 fertiliier treatments in 1985, aid (b) relationship between net benefit and total variable cost of the 
fert ilier treatments in 1986 on IIPI.R i-5 upland rice variety grown on 2soil fertility strata in Claveria, M isamis Oriental, Philippines. 
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the rice - maize - cowpea cropping sequence were 
reported in the Annual report for 1986. 

To determine chemical changes in soil, soil 
samples from the 0-15 cm depth were taken after 
maize harvest (Fig. 13). Lime reduced exchange-
able Al but increased exchange,!ble Ca, especially 

pH

8 

6 

4 -of 

o 

Exchangeoble Ca (meq/1O0g) 

15 

12 

9 __CROP 

6 

o - _ _ 
EKcnanqeabre Al (meq/100 g) 
o 1 

03 

02 

01 

0 6 0 3 6 3 6 3 6' r2 T3 Lme (,'ha) -

Inmaze 4P ,' TP 7P AP+ AP+ 
TP TP
 

13. lffect of lime rate and netthod of incorporation onlpi. 
exchangeable Ca, and exchangeable Al in the soil at 0-15 cm 
depth after the maize crop. Claveria, Misamis Oriental, 
Philippines, 1985 DS.All = animal plowing to incorporate the 
lime at a depth of 15 cm. lP= tractor plowing to incorporate 
ihe lime at 30-cm depth. AP+ITP = hall of the lime was 
broadcast, then plowed under by tractor plowing: the other 
hall was incorporated b, animal plowing 

at the 6 t/ha rate. Exchangeable Mg was not 
affected. The fresh application of lime in T2 (Fig. 
13) increased the pH and exchangeable Ca, and 
decreased exchangeable Al concentration. The pH 
increase was more influenced by lime rate than by 
incorporation method. 

Plant height, dry matter yield, nodule count, and 
grain yield of cowpea IT82D-889 were all signifi
cantly affected by lime rate and incorporation
method. The 6 t lime /ha applied before the 
previous maize crop in T2 had strong residual 
effects on cowpea (Fig. 14). lime application 

increased nodules, dry matter yield, and grain yield 
cowpea. The effe~ct of rate wats strongerfI hanl that 

of incorporation method. 
Mean yields of' tPLRi-5 by lime rates iand 

incorporation methods for 1985 and 1986 WS 
appear in Table 25. The 1986 WS yields ranged 
from 24 to 3.1 t,/ha, only half of 1985 yields. In 
1986, treatment differences were not statistically 
significant. 

SIMULATION MODELING 

The Crop Simulation Modeling section of the 

Multiple Cropping Department was created in 
1987 with funding by the Netherlands to develop 
crop growth modeling at IRRI and in national 
agricultural research systems. Cooperating Dutch 
institutes are the Centre for Agrobiological 
Research and the Dcpartment of Theoretical 
Production Ecology of the Agriculturfl LUniversity 
in Wageningen. 

Dynamic modclin1g was supplied to ongoing 
research on several topics including growth and 
water use of rainfcd rice and of crops after rice, 
water movement in lowland soils, and yield losses 
due to stem borer and leaffolder. Results are 
reported in those areas.To stimulate crop modeling at IR RI and in 
nationalsvstems, we have produced thesemodules 

to run on personal computers:
I. Growth processes of crops unrestricted by 

water or nutrient shortage (integration time 
interval is I d);

2. The same, but with a 6-h time interval 

to simulate carbohydrate level fluctuations 
dynamically; 
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Nodules (no/5 plants) Table 25. Grain yield of UPLRi-5 as affected by lime rate 
100 and incorporation method. Claveria, Misamis Oriental, 

Philippines, 1985-86 and 1986-87. 
80
 

Grain yield (t/ha)
 
TreatmentaG0 1985-86 1986-87 

10 	 1 Control 4.4 2.6 
2 Controlb 4.7 2.8 
3 Control 4.6 2.620 	 4 3 t lime/ha, AP 4.6 2.5 
5 6 t lime/ha, AP 5.4 2.4 

0 - 6 3 t lime/ha, TP 5.2 3.1 
Dry matter yield (g/5 plants) 7 6 t lime/ha,TP 6.0 2,5 
50 8 3 t lime/ha, AP+TP 5.4 2.9 

9 6 t lime/ha, AP+TP 6.1 2.4 
40 CV (%) 9 21 

R 2 0.8 0.2 
30-a 	 AP = animal plowing, TP tractor plowing. b6 t lime/ha 

20 Iwas applied before the maize crop. 

10 	 6. Water balance processes for layered soils with 
o i a shallow water table; 

ron yei) 7. A service module of standard functions and 
08 subroutines. 

These modules are extensively documented; a 
06 - book will appear as a copublication of the Centre 

for Agricultural Publishing and Documentation 
0 4 - and IRR I. Documentation includes physiological 

data for four rice varieties (IR36, IR54, IR64, and 
i0l Kinandang Pula) and for several other annual

021 crops (cereals, legumes, and tuber crops). 
Two examples of tile use of modeling follow. 

0 	 0 6 0 3 6 3 6 3 6 First, we examined the effects of current weather 
L T ion water-limited rice yields. Such-3 	 potential and 

Lime (t/ha)
In maize AP 4P TP TP AP+ AP+ yields are computed monthly and added to the 

rP TP summaries thof 	weather data distributed by the 
14. Fllect o1 lime rate and method o1 incorporationin nodule Climate Unit. Figure 15 shows such values for 
Count, dry matter, and grain yield of cow pea I1)-1 8 9. 87. 
Cla eria. Misamis Oriental. Philippines. 1985 )S. AP = 1987. 
anina plow ing to incorporate the lime at i depth of 15 uni. IP Low N concentrations in leaves occur often 
= tractor plowing to incorporate the lime at 30-cm depth. during the ripening phase, even at high fertilization 
AlIl ' -xhall fflime was broadca.:t, then plowed under hy l 
tractor plowing. the other half was incorporated b. anitia levels. This lowers the growth rate in the ripening 
plowing, phase and reduces yield by 500-1000 kg/ha. 

Internal N redistribution after flowering plays a 
crucial role. The relevant processes were integrated 

3. Development of tillers, flowers, and grains in in a model. Evaluation involved simulation of rice 
the crop; crops in Maligaya, Nueva Ecija, Philippines, where 

4. 	Transpiration processes of crops without dctailed canopy gas-exchange measurements had 
nutrient stress; been made. 

5. 	 Water balance processes for soils with a deep Second, we developed a crop growth model for 
groundwater table; wheat. The model (modules I, 4, 5, 7) was used to 



-5 

.40 

500 IRRI ANNUAL REPORT FOR 1987 
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15. The potential grain yield (14% moisture) of IR64 in 1987 

versus the date of transplanting, IRRI, 1987. The continuous 

o-f
 

line represents the 25-yr averages, the dotted lines the average

plus or minus the standard error. 
 35 Los Batios 

establish trends in potential and rainfed yields of 3,

wheat following rice. A comparison of measured 
 .. -.. "" |

and simulated yields validated the model's per- 25 ... ;,... -..- .

formance. Thei esults show that the yield potential *.

of irigated DS wheat is3.0-6.6 t/ha between 10°S ........
 
and 25ON latitude and up to 500 m elevation. Such  .
 
yields are stable and relatively insensitive to sowing 
date. At 1,000-m elevation, where it iscooler, the 15
potential yields are about 2 t/ha higher. Yields 
under rainfed conditions are lower and have higher 1.0 
year-to-year variability. They are fairly sensitive to I 0 4 0sowing date. The gap between potential and water- 80 60
limited gr"in yield issmall if wheat issown toward Cumulauve proboblity (%) 
the end oithe rainy season on a deep, well-drained 16. Effect of date of sowing on cumulative yield probabilitiesof wheat grown in Los Bafios, Philippines, and Sanpatong,soil. Figure 16 illustrates this for Los Bafios and Thailand. Curves are based on 25 yr of simulated yields.
Sanpatong (Thailand); larger rainfall in DS in Los 
Bahios and the slightly higher temperatures 
produce the yield differences between locations. 
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PROFITABLE CROPPING PATTERNS AND machine day. Rice seed cost $24.00/ha; sesbania 
INTEGRATED NUTRIENT MANAGEMENT seed, $37.00/ha; and prilled urea (PU), $129.46/t.

The most profita.ble cropping pattern was wet 
seeded rice (WSR) 1R29723-143-3-2-1 - trans-Irrigated lowland rie-based system. The profit- planted rice (TPR) IR25587-133-3-2-2, with the 

ability of using different cropping patterns, crop highest net margin of $981 / ha (Table 1). The three
establishment methods, and integrated nutrient rice crop pattern TPR !R66 - TPR IR32429-47-3
management techniques was evaluated at IRRI to 2-2 - TI P IR64 followed closely.
identify production strategies that will increase Compared with TPR, WSR reduced by as much 
farming profit at !ow production cost. The as $13/ ha the variable cost for crop establishment 
January-June ,ropping was fertilized with 90 kg (Table 2).
N/ha, and the June-December cropping received Use of azolla in situ delayed crop establishment
60 kg N/ ha. Azolla green manure contributed 50% of TPR IR64. This resulted in tungro disease arid a 
of the N requit ment, while Sesiania rostrata 1.5 t yield decline/ha (Table 3). It thus reduced 
suppliedashighas 184 kgN/ha(Fig. 1). Ricegrain profit by $214/ha and gross revenue by $256/ha.
yield was valued at $170.73/ t. The cost of harvest- With delayed incorporation of hauled ,zoia for
ing was 14.3% of the gross return, and irrigation WSR IR64, profit was reduced by $204/ha 
expenses amounted to $22.68/ ha per regular crop- (Table 3).
ping. Labor services were valued at $1.46/labor Azolla manuring was exccssively expensive in 
day, $3.16/labor-,,.nimal day, and $11.22/labor- the IRRI lowland rice environment, needing a 

S/aR a T58P-R3-3-2-,R2973-143-3-2-1 30,/h/ 

kg /ho a PU 6 (Swk) 1l84kg N/ha -wkas sebania 30/h 

WSR #R29723-143-3-2-3 5 8/haR25587-133-3-2-290kg N/ha asPU 32/h30 kgN/ha ashauledaTo1k±30 kgN/ha asPU 

TPR '129723-143-3-2-1 52 t/ha90 kgN/ha as PU TPR 125587-133-3-2-2 3.1t/ha30 kgN/ha asazollomsiu 4,30 kg N/ha asPU 

/WSR R64 90kgN/ha 40,/ha /R64 
45 kg N/ha ashuid azolla + 45kg N/ho as PU 2.6/ha 30 kgN/ha ashauledazolla 30 kgN/he as PU/ 

[ TPR R64 90 kg N/ha 44t/ha P 1R64 ' / 

L___ 45 kg N/ha asazolla i situ+ 45 kgN/hu aspU 2.9 /ha T 60kg N/ho as PU 

0S g N/ha p4O- 30 kgN/ha asazola nsitu+ 30kgN/hahU 

49 RI3494---26OkgN/ha6 3.31/ha TTPR 60 R64 2as/ha 

90 g /haasPU 0 g 60okgW~thosP 

90 IR P 4 0 t/ho TPR IR66 41 t/ha TPR IF32429-47-3-2-2 18 t/ha90k a60 g N/h 60 kg N/ha asPU 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1. Alternative integrated nutrient nanagernnt in irrigated lowland rice-bab :a systems, IRRI, 1987. WSR - wet seeded rice, TPR = 
transplanted rice, PU = prilled urea. 
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Table 1. Economic analysis of 11 cropping patterns and profitability of prilled urea (PU), Sesbania rostrata, and azolla 
amanuring in an irrigated lowland rice-based systemP IRRI, 1987 DS and WS. 

Cropping pattern 
b GrossYieH~ eur Variable costs Nete 

t/ha) return Land Seed and crop Fertili. Weed Inrect Harvest- Irriga- margin 
preparation establishment zalion control control ing tion 

WSR IR25587-133-3-2-2 7.8 1332 142 65 78 40 9 190 45 763 
90 kg N/ha as PU 

TPR IR29723-143-3-2-i 
102 kg N/1ha as 
6-wk-old s sbania + 
30 kg N/ha as PU 
TPR IR25587-133-3-2-2 7.3 1246 145 79 67 56 11 178 45 665 
90 kg N/ha as PU 

TPR IR29723-143-3-2-1 
184 kg N/ha as 8-wk-old 
sesbania 
WSR IR29723-143-3-2-1 9.0 1536 118 65 59 40 9 219 45 981 
90 kg N/ha as PU 

TPR IR25587-133-3-2-2 
30 kg N/ha as haulea 
alolla + 30 kg N/ha as PU 
TPR IR29723.143-3-2-i 8.5 1451 122 80 73 44 9 207 45 871 
90 kg N/ha 

TPR IR2j587-133-3-2-2 
30 kg N/ha as azolla 
in situ + 30 kg N/ha 
as PU 

WSR IR6d1 6.0 1024 116 61 54 27 4 146 45 571 
90 kg N/ha as PU 

TPR IR64 
30 kg N/ha as hauled 
azolla + 30 ko N/ha 
as PU 
VJSR IR64 4.6 785 112 60 51 38 4 112 45 363 
45 kg N/ha as i;uled 
azolia + 45 kg N/ha 
as PIJ 

TPR IR64 
30 kg N/ha as hauled 
azol;a 30 kg N/ha 
as PU 
TPR IR64 6.4 1093 111 79 
 45 46 4 53 45 710
 
90 kg N/ha as PU
 

TPR IF164 
60 kgj N/ha as PU 
TPR IR64 4.9 836 101 80 40 49 4 41 45 476
 
45 kg N/ha ds azollj 
in situ + 45 kg N/ha 
as PU 

WSR I'364
 
60 kg N/ha as PU
 

WSR IR66 5.9 1007 133 
 71 102 29 12 144 45 471
 
90 kg N/ha as PU
 

Continued on next page
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Table 1 continued 

uross Variable costs M$ NetCroppingI patterrnb Yield
(t/h) rt)rn Land Seed and crop Fertili- Weed Insect Harvest- Irriga. marg in 

1$ preparation establishment zation control control ing tion $) 

TPR IR64 
30 kg N/ha as azolla in 
situ + 30 kg N/ha as PU 
TPR IR66 10.2 1741 181 138 68 86 9 249 45 965 
90 kg N/ha as PU 

TPR IR32429-47-3-2-2 
60 kg N/ha as PU 

TPR IR64 
60 kg N/ha as PU 
TPR IR64 9.8 1673 140 141 68 176 4 239 45 860 
90 kg N/ha as PU 

TPR IR66 
60 kg N/ha as PU 

TPR IR32429-47-3-2-2 
60 kg N/ha as PU 

a$1.00 = P20.50. 'TPR = transplanted rice, WSR = wet seeded rice, PU =prlled urea. 

Table 2. Economic analysis of WSR and TPR and profitability of 3 rice cultivars in an irrigated lowland rice-based system.a 
IRRI, 1987 DS. 

Yield Gross Variable costs ($) Net 

Cropping pattern tha return Land Seed and crop Fertili- Weed Harvesting Irriga- margin 
preparation establishment zation control ticn M 

WSR IR25587-133-3-2-2 4.8 1034 70 31 26 15 148 23 721TPR IR25587-133-3-2-2 4.3 734 74 44 25 23 105 23 440
Difference 0.5 300 -13 281 

WSR IR29723-143-3-2-1 5.8 990 66 31 27 19 141 23 683
TPR IR29723-143-3-2-1 5.2 888 63 44 21 22 127 23 588

Difference 0.6 102 -13 95 
WSR IR66 4.0 683 74 31 26 15 98 23 416 
TPR IR66 4.9 836 76 44 27 21 119 
 23 526
 

Difference -0.9 -153 -13 -110 

a$1.00 = P20.50. 

supplement of 13.2 kg P/ha and regular pesticide 102 kg N/ha;in 8 wk, it incorporated 184kgN/ha 
application. Hauled azolla combined with PU (Table 4). Both treatments gave 3.0 t/ha and a net 
incurred a fertilization cost of $28-$32/ha, while margin of$234/ha. If purchase of sesbania seed is 
PU application at 60 kg N /ha cost only $18/hhi considered par- of the input, sesbania is more 
(Table 4). Use of azolla in situ was more costly at expensive than PU. Otherwise, it is three times 
$47-$75/ ha. cheaper than PU fertilizer. 

In sesbania manuring, the 6-wk biomass produc- Rainfed lowland rice-based system. Evaluation 
tion and fixation of atmospheric N incorporated of TPR, WSR, and row seeded rice (RSR) using 2 
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Table 3. Economic analysis of WSR, TPR, and azolla manuring in an ihrigated lowland rice-based system., IRRI, 1987 DS. 

ied marginTreatmnent return NetYld Gross Variable costs ($)
(t/ha) ($r Land Seed and crop Fertili- Weed Harvesting Irriga- m$) 

preparation establishment zation control tion 

WSR IR64 4.0 683 71 31 26 24 98 23 410 
90 kg N/ha as PU 
WSR IR64 2.6b 444 71 31 24 26 63 23 206 
45 kg N/ha as hauled 
azolla + 45 kg N/ha 
as PU 

Difference 1.4 239 204 

TPR IR64 4.4 751 65 44 26 24 107 23 462 
90 kg N/ha as PU 
TPR IR64 2 .9b 495 55 44 24 30 71 23 248 
45 kg N/ha as azolla 
in situ + 45 kg N/ha 
as PU 

Difference 1.5 256 214 
= a$1.00 P20.50. bInfected with rice tungro virus because of delayed crop establishment when azolla was propagated. 

Table 4. Economic analysis cf PU, S. rostrata, and azolla and profitability of 3 rice cultivars in an irrigated lowland rice
based system~a IRRI, 1987 WS. 

Cropeglpttrnreturn Yield Gross $ . marginVariable costs Net 
Seed and crop Fertili- Weed Insect Harvesting Irriga- m$i 

t/ha) ($ Land
preparation establishment zation control control tion 

TPR IR29723-143-3-2-1 
102 kg !,/ha as 6-wk-old 
sesbania r 30 kg N/ha 
as PU 

3.0 512 72 34 52 25 9 73 23 234 

TPR IR29723-143-3-2-1 
184 kg N/ha as 8-2k-old 
sesbania 

3.0 512 72 35 42 32 11 73 23 234 

TPR IR25587-133-3-2-2 
30 kg N/ha as hauled 
azolla + 30 :,g N/ha 
as PU 

3.2 546 53 34 32 21 9 78 23 296 

TPR IR25587-133-3-2-2 
30 kg N/ha as azolla 
in situ + 30 kg N/ha 
as PIJ 

3.1 529 58 36 47 22 9 76 23 258 

TPR IR64 
30 kg N/ha as azolla 
in situ + 30 kg N/ha 
as PU 

1.9 324 58 39 75 14 12 46 23 57 

TPR IR64 
30 kg N/ha as hauled 
azolla + 30 kg N/ha 
as PU 

2.0 341 42 30 28 12 4 49 23 153 

TPR IR64 
60 kg N/ha as PU 

2.0 341 36 36 18 19 4 49 23 156 

a$1.00 = P20.50. 
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Table 5. Economic analysis of WSR, TPR, and row seeded rice (RSR) and profitabilityof 2 rice vbrieties In a rainfed lowland rice-based system.a IRRI, 1987 DS. 

Yield GrossTreatment (t/ha) Variable costsreturn

t ) rLand Net

Seed and crop margiFertilization Weed Harvestingpreparation establishment margin
controlb ($)TPR IR64 4.0 683 57 
 43 
 15
TPR IR66 4.2 82 88
717 398
61 
 43 
 15 
 102
RSR IR64 4.2 717 

77 419

59 
 25c 18
RSR fR66 3.8 649 220 102
58 293
25c 
 18 
 178 
 277
WSR IR64 3.8 649 

93 

58 
 24d 
 20
WSR IR66 4.6 785 147 93
58 307
 

2 8d 22 147 112 418
a$1.00 = P20.50. bFor TPR, butachlor at 0.75 kg ai/ha + 2,4-D 0.5 kg a!/ha at 4-5 d after transplanting; for RSR,mechanical rotary weeder; for WSR,butachlor at 1.0 kg ai/ha at 3d before seeding. c$1.3/ha for crop establishmeit, d$0.30/hafor crop establishment. 

TPR 60 kgN/haasPU 4 0 'ha Ratoon Pag-asa 3 

TPR 60 kgN/ha as PU 4 2 t/ha Ratoon Pag-asa 3 

R S1 60 1,gSN/haaIR64 U 42 t ha Ratoo n Pag asa 3 

L RSR ~~60as PI 3:kgN/ha R lo nPg- =ha 
 a3
 

WSR 60 kgN/ha asPUS 3 8 /ha Ratoon Pag-asa 3 

1R64 _ 7 g 
WSR 60 kgN/ha as PU 4 6 dha Ratoon Pag-asa 3

S I I I I I 
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr2. Alternativ. cropping patterns for a rainfed lowland rice-based system, IRRI, 1987-88. RSR = row-seeded rice.
 

rice varieties in the June-October cropping showed weed management and of seed and crop establisha profit as high as $418/ha from WSR 1R66 at ment. Weed control in TPR cost $7 1-$82/ha; that4.6 t/ha grain yield (Table 5, Fig. 2). Inadequate in WSR cost $147/ha. RSR incurredrainfall inPuenced weed control cost in RSR and 
the highest

cost for 
WSR. 

weed management at $17 8-$220/haProfit was increased with the low cost of (Table 5). 
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The principal projects undertaken during the year
involved the development of machines and struc-
tures for improving farmers' traditional practices 
to enhance cropping intensity, increase income,
and reduce the drudgery of farm work. 

I A\NDJI'R I I ORI()N 

Agr'tulturaltLnifiweritilg Department 

Pedestrian tractors. Machinery designs, like crop 
varieties, reqLure "maintenance research" so as notto become obsolete and therefore be surpassed by
otherdesigns. The IRRI pedestrian tractors(power
tillers) were modified to upgrade their performance, 

IRRI's lightweight pedestrian tractor, the PT-
5 powered by a 3.7-kW engine was developed
primarily for land preparation and reaping. The 
design was released to manufacturers in 1981. 
Because some manufacturers use engines larger
than 3.7 kW, the transmission bearing capacity was 
increased 40('%; the transmission case was leng-
thened and inclined rearward 30' from the vertical; 
and the steering handle was placed farther from the 
driving axle, thus requiring less force for turning
the tractor. Evaluation of the PT-5 iscontinuing. 

The PT-3, IRRI's larger pedestrian tiactor. is 
designed to be powered by a 7.5-kW engine and is 
steered with steering clutches. Field experience has 
revealed some failures of the sprockets and the final 
drive chain in the transmission. To reduce stress on 
these parts, the final drive chain was increased from 
RC50 to RC60, and the bars on the final drive 
sprockets were replaced with a pair of dog clutches 
on the input shaft to the final drive. The modifica
tion is being tested.
 

The power tiller converted for upland tillage was
 
further tested 
 and modified. The slasher-type
blades were replaced by slitter-cutter blades, and a 
dashpot-type shock absorber was placed between 
the handle and aground-engaging skid to lower the 
shock loads transmitted to the operator. As a result 
of the tests, we decided not to pursue the power
tiller conversion for upland tillage, since per-
formance and the estimated costs of conversion do 
not warrant it. 

Hydrotiller. Instrumented float shapes were 
tested in laboratory soil bins to investigate the drag
characteristics of the skid or float of the hydrotiller. 

The results of these studies should be useful in 
designing improved hulls or skids. Several full-size 
units of the Department of Agriculture (DA)-l RRI 
hydrotiller are being tested to determine why one 
manufacturer's unit is more maneuverable than 
another's, although both units are of the same basic 
design and weight. 

IRR IGATION 

Agricultural Engineering Department 

Treadle pump. The manual!y powered lapak
tapak treadle pump is fabricated from steel. To 
reduce the cost of the pump, IRRI e.ginecis 
worked with counterparts at the Maros Research 
Institute for Food Crops, South Sulawesi, Indo
nesia, to develop designs with the housing cast 
from concrete for both nonpressurized (Fig. l)and
pressurized (Fig. 2) models. A reusable wooden 
mold holds the cylinder liners and intake part in 
proper position while the concrete is curing. The 
output characteristics ofthe concrete ,-eadle pump 
are identical to those of the steel tapak-tapak 
pump. 

Small electric pump. Engineers in the DA-IRRI 
program designed modifications of locally pro
duced centrifugal pumps so that they can be 
powered by 0.37- to 1.l-kW electric motors. The 
electric motors last longer, require lower mainten

, 
Sut ion \ 
port 

I. Nonprcssuri/ed concrete treadle pump. 
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, liner/-Cylinder 

Suction 
port 

e 9u 
, 

-The 

Discharge port 

2. Pressurized concrete treadle pump. 

ance, and are easier to operate than internal 
combustion engines. Because of the pump's low 
power requirement, single-phase motors can be 
used. This will contribute to its acceptance, since 
single phase is the common electric source in the 
Philippines. Demonstrations of the electric pump 
in n :rthern and southern Philippines generated 
interest among rainfed farmers. Tests revealed that 
a 0.56-kW electric pumpsct operating 24 h/d can 
provide supplemental irrigation to a maximum of 
2.0 ha of rice .Table I shows the power requircd to 
provide various flow-rates for different lifts. In 
areas where the water level isbeyond the suction lift 
capability of a centrifugal pump (approximately 
7 i), a small electric pump can be suspended with 
ropes and, using a flexible discharge hose, can be 
easily placed close to the water level, 

The DA-IRRI program disseminated to local 
manufacturers of centrifugal pumps information 
on the proper impeller diameter and width for 
different horsepower ratings. 

Hydraulic ram. The hydraulic rain is one of the 
most satisfactory devices invented for pumping 
water from a flowing st ream to a higher elevation. 
The ram utilizes the kinetic energy offlowing water 

io pump asmall fraction of the water. The ram can 
be used only in streams where there a steady and 
reliable supply of water and a fall of at least I m. 

hydraulic rain has advantages over hand-, 
animal-, and wind-powered pumps, for it has only 
two moving parts and requires no external power 
sources. 

To irrigate 1-2 ha of riceland, an output of 100

200 liters/ min is needed. A hydraulic ram proto
type to fit this specification was designed, to be 
constructed and tested in 1988. 

CROP FSTABLISHMENT 

Agricultural Engineering,Multiple Cropping, and 
Agronony Departments 

The following seed metering devices used on 
various IRRI seeders were tested in the laboratory: 
drum, inclined plate, horizontal plate, foam roller, 
and foam pad for mungbean, soybean, cowpea, 
maize, peanut, wheat, and sorghum. The testing 
was done to estab!ish the performance of the seed 
metering mechanisms under the best uniform 
conditions and to compare the devices. Analyses of 
the data will be completed in the first quarter of 
1988. 

Plow drum seeder (Agricultural Engineering 
and Multiple Cropping). Because, in the original 

Table 1. Power requirement (motor size) of small centrifugal pumps at various outputs and heads. 

Pump discharge (liters/min) 

75 115 150 190 225 265 305 

Total head (m 
4.6 0.19 kW 0.37 kW 
6.1 0.25 kW 
7.6 

19.1 0.56 kW 0.75 kW 
10.7 . . . 
12.2 1.13 kW ............
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design of the plow drum seeder (Annual report for 
1986), the seeder drive wheel was fixed to the piow 
handle, the drive wheel clogged in cloddy fields and 
seed was missed in the row when the farmer lifted 
the plow handle to adjust plow penetration. We 
changed the drive wheel from a lugged wheel to a 
smooth wheel and placed it on the left side of the 
plow. A spring-loaded assembly was installed so 
that the ground wheel is kept in contact with the 
soil surface during normal plow handle movement, 
The Multiple Cropping )epartment compared the 
plow drum seeder with other seeding methods for 
planting IR64 in the 1987 wet season (WS). There 
was no significant difference in yield of the various 
seeding methods when seeding was done on a well-
prepared seedbed (Table 2). 

Manual upland drum seeder (Agricultural 
ELhgineering). Because operators prefer pushing a 
seeder under upland conditions, the upland drum 
seeder was modified from pull-type to push-type. 
Weed accumulations on the inverted-T furrow 
opener persisted despite various modifications. 
Efforts were thus extended to other furrower 
designs suitable for manual operation. A parabolic 

Table 2. 

furrower using a flat bar surface, a triangular 
surface furrower (by shaping an angle bar), and the 
inverted-T furrower used in the previous unit were 
attached to a common toolbar for comparison 
tests. Initial tests on weedy fields and on uneven 
soil surfaces revealed that the parabolic furrow 
opener was able to cut through the soil surface 
irrespective of soil tilth. Soil and weeds moved 
along its surface so that accumulation was 
minimized. The triangular surface furrower suf
fered from weed accumulation, as did the front 
plate of the inverted-T furrower. These furrowers 
will be tested further. 

Inverted-T seeder (AgriculturalEnginecritz antd 
Multiple Cropping). The inverted-T seeder was 
tested in WS for rice establishment under rainfed 
conditions. Results are shown in Table 2. The 
inverted-T seeder had higher plant emergence than 
the other establishment methods. The emergence 
of rice planted by the inverted-T under zero tillage 
in Stratum I was lower than with conventional 
tillage but significantly greater than with the 
other seeding methods. The plots planted by the 
inverted-T seeder had the earliest and most 

Effects of dry seeding methods on emergencu, yield, and yield components of IR64 on 2 soil strata of rainfedenvironment.3 Guimba, Nueva Ecija, 1987 WS. 

Seeding Emergence 
methodb (no. ofplants/m) 

A 43 cde 
bs 36 e 
C 
 37 de 
D 
 90 a 
E 63 b 
CV (%) 22.4 

A 25 cd 
B 20 d 
C 31 bc 
D 
 53 a 

CV %) 18.55 

Plant height 
at maturity

(cm) 

Stratum Ic103.05 a 
101.77 a 
101.77 a 
100.07 a 
90.30 b 

2.46 

Stratum/ 1 1d 
',W5.30 a 
1.5.03 a 
10 7.53 a 
104 .37 a 

2.81 

Productive Panicle Grain 
tillers length yield(no./m) (cm) (t/ha) 

435 b 23.10 a 5.49 ab 
485 ab 22.35 a 5.40 b
471 ab 23 .37 a 5.65 ab 
561 a 2 2 .15 a 6. 2 9 a 
447 ab 2 1.73 a 423 c 

16.28 5.44 9.74 

352 b 23.63 ab 4.75 a 
428 ab 24.47 a 4.85 a 
415 ab 22.65 b 5.30 a 
468 a 23.17 ab 5.28 a 

14.23 4.35 
aAv of 4 replications. Within a stratum, means in a column followed by acommon letter are not significantly different at
the 5% level by LSD. bA = drilled by hand on furrows, B = broadcast on furrows made by lithao, C = drum seeder attacheoto a native plow, D = inverted-T seeder, E = inverted.T seeder (zero tillage, plots sprayed with glyphosate 1 d beforeplanting). Methods A,B, and C used a comb harrow to cover seeds. CV = coefficient of %ariance.CHighest elevation of thefield. Land preparation for methods A-D = 2 plowings with native moldboard plow and 2 spiketooth harrowings. Seedingrate = 100 kg/ha except inimethod C,which was 80 kg/ha. dLowest elevation of the fild. Land preparation for all methods= 3 passes by a PT-5.type power tiller (Landmaster) equipped with rototiller tines- Seeding rate = 100 kg/ha except inmethod C, which was 80 kg'ha. 

9.05 
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nlilorl plant ellleireence allolnl tie treatments. ... . ... .. *.
 

altlioti'.h the ,'ro-tilhac plots obtained high . .. ,
 
emergence, residual cl' cts of the herbicide used to
 
centrol .Aeds caused vellowing and poor grain >:
 
v eld despite I Coi al e number of' product ive,
 
tillcrs, lie r em-rgence wih the other plantn ,...-".,"
 
net hod. was caused by poor seed soil covering and
 
iluninitrl'm IcCdIlln depth. 
 . ... 

(oopcratic work with the Multiple Cropping :
 
I)cpartnient in testing two shapes of seed grooves
 
fhr the inverted.-l scedel revealed greater peanut ,..,, .
 
establishment and seed yield in both tilled and 3. lIlquid chIiill ini ctor.
 
,nti lled plots than with hand seeding (Table 3). 

Liquid chemical injector (..IgrictuturalLDtigincer
ing and A.gronomy). An improved liquid injector A flexible plastic tube transports the solution from 
wa; designed for the 1987 dry season ()S). The tile tank to tile peristaltic pump. The pump meters 
IM~o-rom injector has a peristaltic pump operated the liquid and forces it under pressure from an 
h\ a central wheel (Fig. 3). The unit has furrow orifice behind each furrow opener. The fins and the 
openers and closers similar to dhc patented I R RI wedge oil the botton of each skid cover the furrow 
granular fertilizer applicators. Tlie operator pushes with mud and seal the solution from water or the 
the mlchine and carries the solution in a backpack. atmosphere. Tests wil this machine by the 

Agronomy Department for the deep placement of 
aqdeous NH 3showed that this method of applying

Table 3. Peanut establishment, seed yield, and filled pods N during wetland rice crop establishment leads to 
with hand seeding and in tilled and untilled plots using 
the inverted-T seeder with 2 groove shapes. IRRI, 1987 efficient N utilization. Resalts of the tests are 
DS. shown in Table 4. 

Seeding method 
"Iillage WI'EI) (ONTRO.W 


methoun Inverted-T T-groove Hand seeding
 
A grictiluralEligineeriitg Deparmet t 

rate (ro. of seed dropped/m)b 
Untilled 5.1 5.7 5.8 
Tilled 6.9 7.2 9.6 Upland weeder. Field tests of push-type upland 

Emergence (no. of seedlings/rn) weeder prototypcs showed the advantage of an 
Untilled 4.6 5.2 7.5 arcuate spike roller with a straight sweep (Fig. 4).
Tilled 6.4 6.5 7.5 The roller is made from a steel pipe 10 cm in 

Plant establishment (%e diameter the spikes are formed of steel sheet metal. 
Untilled 90.2 91.2 65.5 The roller disturbs tile soil and helps uproot weeds.
Tilled 92.892.8d 90.3 78.1Tile 0.3 2dhe 7. disturbed soil is then swept by the blade at 3cm 

Crop stand (no. of plants/n 2 )d 

Untilled 7.6 6.9 5.8 depth to bring up tile weeds. The machine is light to 
Tilled 6.1 7.3 6.4 push, requiring a lorce of only 60-80 N. However, it 

Filledpods (no./plant)e cannot be worked very close to the plants, nor can 
Untilled 14 18 21 it move the soil to cover tile weeds along 'he rows. 
Tilled 24 23 22 Tile arcuate spikes may also be more difficult to 

Seed yield (t/ha) fabricat than the radial type roller. 
Untilled 1.16 1.32 1.10 
Tilled 1.82 2.00 1.81 A two-blade shovel-cultivator was designed 

(Fig. 5). The reversible blades are inclined to 
aHigh tillage consists of tractor moldboard plowing + increase soil scouring, reduce draft, and shed 
rotary tillage with tractor rototiller. bAv of 7 linear m/ I 
plot. CAt 14 d after sowing. dAt harvest, taken from 30 weeds. Shovels set at 20' and 250 required the least 
rn . eRandomly taken from 10 plants. draft an average of 78 N foreach pair of blades



512 IRRI ANNUAL REPORT FOR 1987 

Table 4. Effects of N fertilizer application and crop estab
lishment methods on IR64, Nueva Ecija, 1987 DS.a 

Grain Agronomic
Treatmentb yield efficiencykg 

(t/ha) ( kg grain/kg 
N applied) 

Transplanted (at 4 plants/hill, 20- x 20-cm spacing)
No fertilizer N 3.3 -

2/3 BB&I + 1/3 broadcast at 7.6 49
 

5-7 DBPI
 
2/3 injected at 14 DT + 1/3 8.0 54
 

injected at 5-7 DBPI 

1/3 injected at 14 DT + 2/3 8.2 
 56 


injected at 5-7 DBPI
 
1/3 injected at 14 DT i 1/3 7.8 52 


injected at 5-7 DBPI + 

1/3 broadcast at 10 DBPI 


USG point-placed at 1 DT 7.8 52
 
Direct seeded (hill-wise at 4 plants/hill, 20- X 20-cm spacing) 
No fertilizer N 3.3 -

2/3 BB&I + 1/3 broadcast 7. 51
 

at 5-7 DSPI
 
1/3 BB&I + 2/3 broadcast 7.2 45
 

at 5-7 DBPI
 
1/3 injected at 20 DAS + 2/3 8.5 60
 

injected at 5-7 DBPI 

1/3 injected at 20 DAS + 1/3 7.5 48 


injected at 5-7 DBPI + 1/3
 
broadcast at 10 DAP[-


USG point-placed at 20 DAS 8.3 57 
Row seeded (using drum seeder at 60 kg/ha) 

No fertilizer N 3.3 -
1/3 BB&I + 2/3 broadcast 7.3 46 

at 5-7 DBPI 
1/3 injected at 20 DAS + 2/3 7.9 53 

injected at 5-7 DBPI 
Broadcast seeded (at 90 kg/ha) 

No fertilizer N 3.6 
1/3 BB&I + 2/3 broadcast at 7.6 46 

5-7 DBPI 
aAv of 4 replications. Total fertilizer rate was 87 kg N/ha. 
bBB&I = basal, broadcast, and incorporated; DBPI = days 
before panicle initiation; DT = days after transplanting; 
USG = urea supergranules; DAS = days after seeding;
DAPI = days after panicle initiation. "Injected"= aqueous 
NH3 applied using the liauid chemical injector. 

while angles of 150 and 300 needed average drafts 
of 138 and 135 N, respectively. As a result of this 
research, the cultivator blade was made at an angle 
t)l 200. The machine has the following features: 

Mviode aI ope-raticn l'ush-type iterraw
 

il'onosc. Weeding and hilling 

Ilawe One person 

l)ralt requirement 60-80 N 

Weight 6 kg 

'\djustnments Handle height, width a cut 

Crops Rice, legumes, other crops in 


25- X 25-cm rows 

'4 

Arcucte spike roller Angled-stroight Radial spike rollerspike roller 

PROTOTYPE 1 
--- Hondle 

Hinle ht idjusment 

Stopper 
Blae 

.Spke roler 

PROTOTYPE 2, 4 -Hond 
-

ktrle heqnt adjustment 

Wedge oblde 

e 

4. Push-type roller and wedge sweep upland weeder. 

HARVESTING 

Agricultural EngineeringDepartment 

0.25-m reaper. A small reaper based on a com
mercially available brush cutter was designed to cut 
and windrow rice (Fig. 6). The reaper is pushed by 
hand, but the cutting blade is powered by a 1.5-kW 
2-cycle gasoline engine. A pair of pneumatic 
bicycle wheels supports the frame. The cutting 
blade is driven directly by a shaft from the engine 
crankshaft. The reaper specifications are 

[lower Human and I 5-kW 2
cycle gasoline engine 

Weight 18.5 kg 
Estimated tan itacturing cost 

(less engine and blade) USS69.00
 
Engine and hlade tJS$225.(0
 
Estimated selling price IJS$350.(X)
 

http:USS69.00
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Handle adjustment 
Depth wheel-

{~-Toolframe 

i 

/ 

5. Two-blade shovel cultivator weeder. 

6.0_15-m reaper. 

Various designs of the cutting blade shield and
plate were tested to secure a good windrow. 
However, tests of the 0.25-m reaper in transplanted 
rice revealed that the cut rice did not flow smoothly 
into a swath, and there was some wrapping of 
straw around the cutting blade. 

A'dial-flow minithresher. A portable axial-flow 
minitniresher was designed and fabricated for small 
farmers with 2 ha of ricefield. The thresher has a 
cylinder length of 46 cm, cylinder ring diameter of 
30.5 cm, and a 5-cm distance between adjacent peg 
teeth. The first section of the concave was made 
ad ustablc to vary the clearance between concave 
bars and cylinder teeth at the feeding end. 

1987. 

Parameter 

Date of test 

Duration (s)
Cylinder RPMb 

No. of cylinder 
pegteeth, feedside 

No. of cylinder 
pegteett,, separation

No. of counter pegs, 

feedsideNo. of counter pegs,
separation 

Pegtooth-concave bar 
clearance (mm)

Rice variety
Date harvested 

Moisture content 

of grain (%)
Length of material

threshed (cm) 
Capacity (kg/h) 
Separation loss (%)
Unthreshed loss (%) 

b 
Av of 3 trials. RPM 

, -Handle 

,/-Clamp 

- Reversible
 
shovel blade
 

Tests of the prototype (Table 5) revealed that 
I) reduced peg teeth in the threshing cylinder 
decreased separation loss; 2) as straw length 
decreased, separation loss decreased; 3) losses 

Table 5. Test results of axial-flow minithresher, IRRI, 

Testa 

I II III IV 

8Jul 
30650 

9Jul 
30

650 
13 Jul 
30

550 

14Jul 
30 

550 

22 16 16 16 

22 12 12 12 

3 3 3 3 

16 12 12 12 

IR64 IR64 IR64 IR649 Jul 8 Jul 13 Jul 14 Jul 

30.6 24.5 20.4 22.1 

72.8 70.1 74.37 54.35 

207.96 117.61 218.32 159.39 
6.42 3.07 6.45 4.83Nil Nil Nil Nil 

= revolutions per minute. 
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due to unthreshed grains were negligible; and bability of occurrence of daily solar radiation and4) reduced clearance between concave bars and to provide the probability of success.of sun-drying
cylinder teeth reduced separation loss. rice. An adjustable mixing blade to fit on the IRRI 

PT-5 power tiller was developed for mechanizing
sun-drying on drying floors. Analysis of thePOSTHARVFSi IEQUMENT' research reveals that the power tiller and blade are 

Agricultural Engineering Departnent more cost-effective tvin manual turning, mixing,
and piling of rice while sun-drying.

Sun-drying research. The study ofthe effects of rice 4-t recycling batch dryer. A 4-t dryer using rice
layer thickness and mixing-time interval on the hulls as fuel was designed for rice farmers who livephysical qualities of sun-dried rice, conducted at near rice mills where rice hulls are easily obtained,
IR RI and in three major rice-producing regions of farmers' cooperatives, and small and medium rice 
Luzon, was first reported in the Annual report for mills. 
1983. IRRI engineers completed the study this The dryer (Fig. 7) has a bucket elevator to 
-,air. A computer program SRIROB-- written facilitate grain handling, and a holding bin to
in BASIC, was developed to calculate the pro- enhance grain mixing. Heated air from a heat 

-. Chimney 

-Chain drive 
Selector vm 
handle 

n th-

A ent AmbietairHeatar..,. exchanger 
entrance -- Heated 

Bucketelevator -
ai, duct 

', 
_ 
Rice hull 
furnacge 

- Furnace 

Drying bin 1 

Ash container 

Loading 

b r.4iagrging 

7. 4-t recycling batch dryer. 
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exchanger is forced by a blower through a per- modified by mounting a cleaning fan itthe 
forated vertical plenum at the center of the drying discharge end to remove light debris from the 
bin. material being dried. The drive train was redesigned 

Initi. . :ng revealed that 4 t of freshly so that the drum can be powered manually or by an 
harvested rice at about 25-30% moisture content engine. 
(wet hasis) can be dried to 14§,, moisture content 
(wet basis) in less than 10 11.Mixing the grain 
heteen drying periods reduced moisture content IN)UlSIRIA. IEITNSI(N 
variation frot I(){i within the grain in theto 2'(i lgricultural EI~qtu'eering i)eparimet 
drving bin. [hC grain milling qualities (recovery 
and head rice) were not adversely affected. When the United States Agency for International 

Some difficulties were experienced with the l)evelopment-funded DA-IRRI Program on Small 
bucket elevator and formation of clinkers in the Equipment ended on 30.hn 1987, eight Philippine 
rice hull furnace. manufacturers were fabricating the hydrotiller.

Modifications of the holding bin (bagging bin), Work continues with the Agricultural Engineering
blowcr, discharge system, elevator, and furnace Section of the Bureau of' Plant Industry (BPI) of 
will be made before further testing. the )A, bilt at a much lower level. One IRRi 

Multicrop rotary drum dryer. The manually engineer spends 2d /wk working with 1PI on their 
pt\\ ercd rotarydryer(Annual report for 1986) was outreach program. 
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We continued our training and educational 
programs to strengthen our linkages with organiza-
tions supporting the international research net-
works and our global research programs. Our 
training and educational programs are clasi!';et 
into I) research-oriented programs, 2) nond wnrc 
courses, and 3) special training programs. 

RFSFAR( Fl-ORI[NIFI) PR()(A , 

Postdoctoral and visiting scientist program. We 
ofler postdoctoral and visiting scientist positions to 
.Icnior scientists of national research organizations 
and universitiestoreorient theirskillsand expertise 
intheir fields of research specialization. At IR RI, 
they conduct research projects on problems of 
muttal interest to I R RI and their national research 
programs. On completion of their fellowships, 
which are usually for a maximum of 2 yr, they 
return to their organilations to continue working 
on rice and rice-based cropping systems. The 
projects they pursue at IRRI provide valuable 
contributions to our research accomplishments, 
and they often become active collaborators in our 
research and training programs when they return 
to their organizations. Occasionally, we offer 
fellowship, to new Ph 1) graduates who have 
special expertise needed to initiate new research 
projects. 

Collaborative research scientists come to IRRI 

to conduct research programs under collaborative 

research progranils we have with organizations and 

universities in developed countries. The research 

projects they pursue form part of the overall 

research progi ani of the work plan included in the 

agreement. The f'ellowships of collaboratve 
research scientists are funded by their 
organizations. 

l)u'ing 1987, we had 19 visiting scientists, 45 
postdoctoral scientists, and 13 collaborative 
research scientists (Table I, 2). Twelve corripleted 
their tenure during the year. 

During the year, an agreement was signed with 
the International Centre of Insect Physiology and 
F:r.:T;ogy (ICIPE) for IRRI to assign one visiting 
scientist to work at the ICIPE Mbita Research 
Station on upland rice. 

Degree program. We offer a graduate degree 
program for the completion of MS and Ph D 
degrees in collaboration with selected universities 

all over the world. The scholarship enables the 
candidate to pursue course work and do research in 
a selected university arranged by IRRI, or to 
conduct re:;earch at IRRI altei completing the 
course requirements at his or her university. The 
first program is intended for candidates of col
laborating organizat ions from developing 
countries, especially from countries that have 
inadequate facilities for graduate education. The 
second program enables graduate students from 
developing countries to use IRRI's facilities for 
their research: like the participants in the first 
program, they benefit from the guidance of' IRRI 
scientists and from access to IRRI's facilities, 
including the library and computer center. 

l)uring the year. 89 Ph 1) and 81 MS scholars 
were in residence at IRRi ('Fable 1,2). Thirty 
completed their training during the year. The 
committee on degree and research-related non
degree programs accepted 46 new candidates 
during the year. These scholars were enrolled at 34 
universities in 14 countries. Among the degree 
candidates, 53 were accepted to conduct their thesis 
or dissertation research at IRRI, having earlier 
con.pleted their course requirements at their 
unive,:i,riles. 'Fable 3 presents the distribution of the 
candidates by university. 

Collaboratan with agricultural universities. 
Collaboration with selected agricultural universi
ties all over the world is a vital component of 
IRRI's graduate training program. Through this 
collaboration, IPR RI is able to respond to the needs 
of national programs to generate a pool of scientists 
trained at the MS and Ph D levels who, in addition 
to conipleting academic course preparation offered 
by their universities, are trained in scientific 
research while conducting their research at IRRI. 

IRRI nom has formal collaborative graduate
 
programs with 29 universities, and informal
 
arrangements with more than 20 
 additional
 
universities.
 

During 1987, 1RRI signed agreements with two
 
universities: the University of Agriculture and 
Forestry of Vietnam (November) and McGill 
University of Canada (December). The latter 
agreement will enable Canadian I'h 1)students to 
conduct their dissertation research at IRRI under 
the sponsorship of Canadian f'unding institutions. 

Nondegree research-oriented programs. Non
degree research-oriented program!; enable scientists 
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Table 1. Visiting scientists (VS), postdoctoral scientists (PDS), collaborative research fellows and scientists (CRF/CRS), 
research fellows, and reserch scholars by region and country. I RR I, 1987. 

COL TY VS PDS CRF/CRS Ph D MS Noodegree Total 

As,'a 
Bangladesh 0 2 0 12 13 "1 28 
Bhutan 0 0 0 0 0 1 1 
Burma 1 0 0 2 10 0 13 
China 0 5 0 11 17 10 43 
India 11 17 2 10 0 0 40 
Indones:a 0 1 0 2 0 5 8 
Iran 0 0 0 0 1 3 4 
Japan 0 1 '1 4 0 0 6 
Korea 0 3 2 10 2 1 18 
Laos 0 0 0 0 0 5 5 
Malaysia 0 0 0 0 0 1 1 
Nepal 0 0 0 6 3 0 9 
Pakistan 0 0 0 5 2 0 7 
Philippines 2 10 0 9 6 2 29 
Sri Lanka 2 0 0 1 2 1 6 
Thailand 1 0 0 3 13 4 21 
Vietnam 0 0 C 1 2 12 15 

Subtotal 17 39 5 76 71 46 254 

A frica 
Egypt 0 1 0 1 0 1 3 
Ghana 1 1 0 0 2 0 4 
Guyana 0 0 0 0 1 0 1 
Kenya 0 0 0 0 1 0 1 
Madagascar 0 0 0 0 1 0 1 
Nigeria 1 1 0 0 0 0 2 
Sierra Leone 0 1 0 1 1 1 4 
Tanzania 0 0 0 1 0 0 1 
ZairE 0 1 0 0 0 0 1 

Subtotal 2 5 0 3 6 2 18 

North America 
Canada 0 0 0 1 1 0 2 
United States 0 0 0 2 0 0 2 

Subtotal 0 0 0 3 1 0 4 

Latin America 
Brazil 0 0 0 0 1 0 1 
Cuba 0 0 0 0 0 2 2 
Mexico 0 1 0 0 1 0 2 

Subtotal 0 1 0 0 2 2 5 

Europe 
Belgium 0 0 0 2 0 0 2 
Bulgaria 0 0 0 0 0 1 1 
Franc, 0 0 0 1 0 0 1 
Germany 0 0 4 3 1 0 8 
Netherlands 0 0 1 1 0 2 4 
Switzerland 0 0 1 0 0 0 1 
Unitp.i Kingdom 0 0 2 0 0 2 4 

Subtotal 0 0 8 7 1 5 21 

Total 19 45 13 89 81 5b 302 

to undertake on-the-job, apprenticeship-type specific research piojccts under the supervision of 
training in IRRI's experimental farm and labora- IRRI scientists. They may last from 3 mo to I yr.
tories. The programs are designed to impart job- In 1987, 55 scientists from !8 countries par
related research skills while the trainees work on ticipated in nondegree research-oriented programs 
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Table 2. Visiting scientists, postdoctoral scientists, collaborative research fellows and scientists, research fellows, ard 
research scholars by department. IRRI, 1987. 

Department VS PDS CRFiCRS Ph D MS Nonde--ee Total 

Agricultural Economics 1 1 0 8 11 3 24 
Agricultural Engineering 1 1 0 0 5 1 8 
Agronomy 0 5 2 11 9 0 27 
Cereal Chemistry 0 1 0 0 1 2 4 
Communication and Publications 0 0 0 1 1 2 4 
Entomology 1 3 1 9 11 5 30 
International Rice Germplasm Center 0 0 0 0 2 2 4 
International Rice Tnsting Program 2 3 0 1 0 0 6 
Library and Documentation Center 0 0 0 0 0 1 1 
Multiple Cropping 0 2 1 4 4 1 12 
Plant Breeding 3 9 2 14 13 18 59 
Plan Pathology 6 7 4 12 8 8 45 
Plan,. )ysiology 0 3 1 6 0 2 12 
Rice Farming Systems Program 1 2 0 7 2 1 13 
Soil Microbiology 3 2 1 4 4 2 16 
Soils 1 2 1 4 3 2 13 
Statistics 0 2 0 1 2 3 8 
Training and Technology Transfer 0 1 0 1 1 1 4 
Water Management 
Overseas8 

0 
0 

1 
0 

0 
0 

2 
4 

2 
2 

1 
0 

6 
6 

Total 19 45 13 89 81 55 302 

aCandidates completed their degree programs entirely at overseas universities. 

to upgrade their research skills. The majority of Table 3. Distribution .of MS and Ph D degree candidates 
them worked in plant breeding. by university of enrollment, 1937. 

Institution MS Ph ) Total 

NONDEGREE COURSES University of the Philippines at Los 58 51 109 
Bafios, Philippines 

Kasetsart University, Thailand 10 0 10In 1987, IRRI offered II regular and 9 special Central Luzon State University, 7 1 8 
short-term courses. The numbers of participants Philippines 
by region and country are given in Tables 4 and 5. Indian Agricultural Research 0 7 7 

Institute, IndiaRegular courses. Agricultural Engineering Cornail University, United States 0 3 3 
Cours2 (AEC). This 3-wk course, initiated in 1975, University of the Philippines, 0 3 3 
complements I RRI's on-farm machinery develop- Diliman, Philippines 

Justus Liebig University, 0 2 2ment program. It is offered to cooperators of Federal Republic of Germany 
IRRI's farm machinery program and includes all Post-Graduate Institute of 2 0 2 
aspects of design, manufacture, and field testing of Agriculture, Sri Lanka 

University of Manitoba, Canada 2 0 2IRRI-designed machines. The two 1987 sessions University of Wageningen, 1 1 2 
were attended by 27 trainees from 13 countries. Netherlands 

Cropping Systems Training Program (CSTP). Othersa 1 21 22 
This 21-wk course is intended to develop human Total 81 89 170 
resources proficient in establishing an intensified, aCandidates were from 22 universities in 14 countries. 
diversified multiple cropping program that cir
cumvents the single-crop risk factor and generates 
additional commGdity markets. The course in- Research Management Center of the University of 
cludes topics on new rice-based cropping patterns the Philippines at Los Bafios (UPLB), is included. 
and component technologies. A 2-wk component The 1987 session was attended by 21 trainees from 
on research management, in collaboration with the 9 countries. 
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Table 4. Participants in regular nondegree training coursesa by region and country. IRRI, 1987. 

AEC EDPUB 
 T3C
 
Country CSTP FSSR GEU IPM INSFFER IWM SPCAAR URTC TotalI II I II I II 

A frica 
Botswana 1 
Cameroon 1 1
Egypt 1 1 
Guinea 1 1 
Ivory Coast 1 1 
Kenya 1 1 
Liberia 2 2
Madagascar 2 2 1 1 6 
Malawi 1 1 
Mali 1 1 
Nigeria 11 1 1 1 1 1 7 
Sudan 
 1 1 
Tanzania 1 1 1 1 4 

Asia 
Bangladesh 1 2 2 2 2 3 1 13 
Bhutan 1 1 2 
Burma 1 1 
China 1 2 1 1 4 3 4 3 1 6 26 
India 2 2 3 2 4 3 2 3 1 4 26 
Indonesia 2 1 4 4 1 12 
Laos 
 2 2 
Malaysia 1 1 1 1 4 
Nepal 2 1 1 1 2 7 
Pakistan 1 1 2 
Philippines 4 4 1 1 3 1 1 2 5 1 23 
SriLanka 3 3 3 1 2 2 1 3 6 24 
Thailand 1 1 4 1 3 1 2 3 4 1 4 25 
Vietnam 1 1 1 2 2 2 2 1 12 

Latin America/Caribbean 
Brazil 1 1 1 1 4 
Colombia 1 1 
Costa Rica 1 1 
Ecuador 1 
 1
 
Mexico 1 1 1 3 

Total 1413 21 10 9 23 16 19 16 27 11 10 13 15 217 

aAEC = Agricultural Engineering Course, CSTP = Cropping Systems Training Program, EDPUB = Editing and Publication, 
FSSR = Farming Systems Socioeconomic Research, GEU = Genetic Evaluation and Utilization, IPM = Integrated Pest 
Man;.gement, INSFFER = International NetNork on Soil Fertility and Fertilizer Evaluation for Rice, IWM = Irrigation=Water Management, SPCAAR Statistical Procedures and Computer Applications in Agricultural Research, T3C = Training
and Technology Transfer Course, URTC mUpland Rice Training Course. 

Editing and Publication(EDPUB).This 14-wk collaboration with the University ofToronto Press. 
course emphasized problem-solving and practical The two 1987 sessions, which were the last, were 
projects in editing, design, illustration, and produc- attended by 19 trainees from 14 countries. 
tion of scientific reports and general publications Farming Systems Socioeconomic Research 
for disseminating research results. Ani alumni (FSSR).This 9-wk course integrates economic and 
newsletter was started as a classroom exercise and sociological aspects with the technical components 
to encourage an international alumni network. The of small-scale rice farming involving technology 
course began in mid-1985 in conjunction with a design and on-farm research, togethe.-with method
3-yr project funded by the Internationa! Develop- ologies for economic evaluation of research station 
ment Research Centre (iDRC) of Canada in experiments and assessing the broader impact of 
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Table 5. Participants in special short-term nondegree training cour: a by region and country. IRRI, 1987. 

Country CS/OJT 
--

VT LVI 

PDWR GDWR HRSP AZOLLA DDCM PTR2 RP/KM Total 

Africa
Madagascar 

2 2 
Asia 

Bangladesh 
Burma 
China 
India 
Indonesia 
Kampuchea 
Korea 
Malaysia 
Nepal 

1 

2 

2 

1 

1 

1 

2 

8 
2 

1 
1 
1 
5 
1 

4 
3 

2 
1 

9 
3 

1 

3 

4 

5 

5 

2 
13 

10 
1 

15 
20 
18 
13 
4 
2 

Pakistan 
Philippines 
SriLanka 
Thailand 
Vietnam 

2 

2 
1 
1 

1 

2 
2 

3 
1 

2 

2 
1 

1 
4 
1 
2 

7 
1 
2 

1 
5 
6 

1 
1 

17 
, 

20 
4 

Latin America
Brazil 1 1 2 

Total 9 5 17 13 16 24 17 24 13 138 
aCS/OJT = Cropping Systems On-the-Job Training; v'r 
= Varietal Testing for Intensive Rice Farming Systems; LVI =Legume Varietal Improvement for Rice-Based Cropping Systems; PDWR 
= for Deepwater Rice; GDWR 

Field Methods for Pest Management Research= Genetic Evaluation and Utilization for Deepwater Rice; HRSP = Hybrid .9ice Seed Production; AZOLLA = International Azolla Training Course, Fuzhou, China; DDCM = Mul ipurpose Dryer Design, Construction,and Maintenance; PTR2 = Prosperity Through Rice - Phase 2; RP/KM = Rice Production Course for Kampucheans. 

increased agricultural productivity. The 1987 
session was attended by 23 trainees from 12 
countries, 

Genetic Evaluation andI Utilization (GEU). This 
16-wk course is intended for agricultui.1 scientists 
engaged or expected to become actively involved in 
rice germplasm improvement and management in 
their countries. The training course complements 
IRRI's GEU research program. The 1987 session 
was attended by 16 trainees from 10 countries. 

ItesratelPest Manasqv'ent (INAI). This 18 wk 
course i:tegratcs pest control strategies that 
consider the interaction of crop management,
ecological factors, and the environment to effect 
crop protection. The course emphasizes cost-
efficient management strategies that rely on natural 
biological and environmental occurrences. The 
1987 session was attended by 19 trainees from I I 
countries. 

htternutional Network on anclSoil Fertilit.*' 
Fertilizer Evahuationi for Rice (INSFFER). This 
16-wk course encompasses the concepts in related 

sciences that explain crop responses to soil fertility
and fertilizer. It also emphasizes integrated nutrient 
management through the proper combination of 
organic and inorganic fertilizers, and takes crop
ping systems into account. The 1987 session was 
attended by 16 trainees from 9 countries. 

Irrigation Water Management (IWM). This 6
wk course enhances the engineering, agronomic, 
economic, socio-institutional, and communication 
knowledge and skills associated with sound irriga
tion water management principles and practices, 
proper identification of field-'vel water problems,
and development of approaches to solve them. The 
1987 session was attended by 27 trainees from 10 
countries. 

Statistical Procehres anl Computer Applica
tions in Agricultural Resea,'cl (SPCAAR). This 
10-wk course familiarizes pairticipants with the use 
of the microcomputer and appropriate software 
for conducting statistical analyses and managing 
agricultural research data. The experimental
version of IRRISTAT, a microbased statistical 



package being developed at IRRI for use by 
agricultural researchers, was introduced to, and 
tested by, the trainees. The course also updates the 
trainees on new statistical procedures and tech-
ni ucs. with iemphas:s on their application to 
agricultural research. liv: 19:7 session was at-
tended by I I trainees from 9 countries. The course 
will not be offered in 1988 and will undergo a 
r'eview' of conlClt aid formnat reflccting tle currenI 
needs of national programs. 

Trainiing amd T'Vchnologv lran.i'r Course 
(13(). 'his 12-\%k course is designed for profes-
sionals involved in training or technology transfer 
programs and addresses the latest concepts and 
skills utili/ed in developing human resources and 
disseminating technology. It emphasizes con-
porents of needs assessment and curriculum 
development. training media, methodologies, and( 
the evaluation of training programs. It is cx-
periental, with more thaii 5()i of the time being 
spent oil a practicun. It implements a team 
conccpl in training and culninates in a training 
prograi that isdesigned by a lean. The two 1987 
session, were attended by 23 trainees from 5 
countries. 

!1daml Rice "lainin('ourw ( 'R T().This 16-
%k course covers the principles of upland rice 
production. It emphasizes varietal improvement 
lo. resistaice to or tolerance for rice blast disease, 
drought. and problen soils: crop managenient: 
and knowledge of specific soil and water lanage-
ment problems. The 1987 session was attended by 
15 trainees from II countries. 

Special short-term courses. ('roqping .S'siems 
On-the-lob 'ailini (('./OI). Two courses 
associatcd with tihe cropping systems program 
were offered. The 4-wk Varietal Testing for 
Intensive Rice Farning Systcms (V-) provided the 
9 participants from 5 countries with actual 
experience in the different field techniques of 
testing upland crop cultivars for rice-based farming 
y, stcms. The 18-wk ILegume Varietal Improvement 
for Rice-Based Cropping Systems (I.VI), con-
ducted in cooperation with the Institute of Plant 
BI-ceding at l1.13. focused on techniques in 

arietal improvemnient for upland crops.le course 
was attended by 5 trainees from 5 countries, and 
culinatlcd in a I-wk observational tour ill 
Iridonesia. 

Fiehl iMeihods/ir Pest Management Research 
f./r Deepmater Rice (PI)I'1?). TIhis 3-wk course 
was jointly organized by IRRI and the Govern
ments of India and West Bengal. The first week 
was held at tile Ramakrishna Mission Institute, 
Calcutta, India: the second and third were at the 
Bangladesh Rice Research Institute (BR RI), 
.Ioydebpu-. The course, .lesecond since 1984, was 
attended by 17 entomologists, plant breeders, plant 
pathologists, and agronomists from 6 countries. It 
focu:,ed ol methods of pest management in deeply 
1ood,:d ricefiields. 

Genetic Evahaion and Utilization.fir Deep
water Rice (GI)IR). This session of the Genetic 
E\aluation and Utilization course focused on 
deepwater rice for the first time. File 15-wk course 
was attended by 13 trainees from 7 countries. Its 
theoretical component was taught at I R.RI, and the 
last 3 wk were spent on field visits and a workshop 
in Thailand. 

1tlybrid Rice Seed Production (HRSP). Studies 
at IRRI and in other countries show the potential 
of hybrid rice in further increasing rice yields in the 
tropics. Adoption of hybrid rice technology 
depends largely on an efficient seed production, 
certification, and distribution program; hence, a 
3-wk course to transfer this technology was con
duCled at IRRI. The course, attended by 16 
trainees from 8 countries, was funded by the Italian 
Government through its Seed Technology and 
Tissue Culture Research for Economic Production 
of Hyhrid Rice Project. 

Inteinational Azolla Training Course 
(AZOLLA). This 2-wk course was conducted in 
Fuzhou, China, in collaboration with the Fujian 
Academy of Agricultural Sciences. The course was 
attended by 24 trainees from 9 countries and had 
topics on new approaches in azolla research and 
uiilization. 

MuNhilrlose l)rm'er Design, Construction, and 
Maimtenance(I)I)CM).This .2-wkcourse, attended 
by 17 engineers and economists from 5 countries. 
was conducted in conjunction with a grant from 
II)RC to disseminate and assess the impact of the 
mutltipurpose drying technology. 

I'ro.serity Through Rice -- Phase 2 (PTR2). 
This 3-wk course was conducted for 24 trainees 
from 6 countries as a component of the Asian 
Developnicnt Bank-funded project on Research, 

http:crops.le
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Demonstration, and Training on Rice Production 
Postharvest Technology and Biomass Utilization, 
Phase 2. The course consisted of 3 parts: a I-wk 
orientation program at IR I on project concept, 
design, and implementation of village-level 
proiccts and on post harvcst and biomass tech-
nologies currently demonstrated in Los Baflos; a 
I-wk study tour in South Korea to observe its rural 
and agricultural dcvelopment, including the 
Sacniul ('ndong Movement: and a I-wk project 
design workshop at Ii. RI. 

Rice I'roth.cliun (ourse, .1')r Klamptlcheans 
(RPIKM). This special 19-wk rice course was 
organized to assist Kampuchea in its agricultural 
development program. Thirteen Kampuchean agr-
cultural personnel attended the course. An English-
for-special-purposes (FSP) component was incor-
porated in the course because the trainees had little 
facility with the English language. The course 
taught cultural practices in rice production side-by-
side with basic English for rice production. 

SPIF('IAI I RAINING PROGRAMS 

On a need basis, national organizations, especially 
those collaborating with the Institute on research 
programs, request IRRI to allow their research 
personnel who are assigned to newjobs to undergo 
training in special research methodologies and 
technical skills in areas such as techniques of plant-
soil analyses using sophisticated instrument, corn-
puter management, stazistical analysis, library and 
documentation proce.,sing, and farm management. 
As much as space and resources permit, IRRI 
accepts these requests fo special training, which 
range in duration from I to 3 mo. 

On-the-job training. An individual or a small 
group of participants are accepted to apprentice in 
IRRI fields and laboratories to learn special skills 
under IRRI scientists' supervision. They conduct 
experiments and go through the various processes 
of analyzing research data they collect and 
veritying a scientific report on the research 
methodology they employed and the results they 
ontained. During the year, IR RI accepted 56 
participants from 19 countties for special on-the-
job training in its various departments. These 
participants returned t their organizations better 
able to perform the duties required of their new 
positions, 

Course transfer to national programs. IRRI 
assists national client systems in their human 
resource development efforts. One approach is 
developing their in-country training capabilities at 
strategic in-country locations. This approach 
involved an eight-step shuttle training model to 
transfer courses. Fhe preliminary step was making 
contact with training institutes that had the physical 
resources to transfer and implement training 
piograrms. Pcisunnel dedicated to training from 
these institutes were trained in the regular Training 
and lech nology Transfer course to carry on the 
training transfer process in their respective 
countries. The teams came from the China 
National Rice Research Institute, BRRI, Depart
ments of Agriculture of Sri Lanka and Thailand-, 
and Directorate of Food Crops Production of 
Indonesia. 

Another approach is providing subject matter 
specialists to conduct training courses in-country, 
in response to requests from national client systems. 
During 1987, IRRI sent a research assistant from 
the Department of Statistics to Nepal and Mada
gascar to conduct the following courses: 

0 Use of Microcomputers in Agricultural 
Research: IRRI-Agricultural Research and 
Production Project of the Department of 
Agriculture of Nepal joint training program. 
This 2-wk course was held in Kathmandu 22 
Jun-3 Jul and was attended by 24 research 
personnel from various agencies of the Depart
mient of Agriculture. 

0 	Statistical Procedures in Agricultural Res
earch and Computer Applications: IRRI-
National Center of Applied Research in Rural 
Development (FOFIFA)of Madagascarjoint 
training program. This 3-wk course was held 
in Antananarivo 21 Sep-9 Oct and was 
attended by 12 research personnel of 
FOFIFA. 

INSTRUCTIONAI. RESEARCH 

To obtain feedback on training activities, to vali
date training practices, and to subsequently deliver 
a more effective, efficient, and economical training 
program, instructional research was initiated in 
1987. During the year, 16 research projects in 
testing and evaluation, methodology, language 
and communication, impact of training, cross
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cultural psychology, and training management ACADEMIC COUNCIL.
 
were conceived and implemented.
 

A study on test type preference and test At the last Academic Council meeting held on 10 
performance of trainees in laboratory practicals Mar 1987, the proposal to offer a course on 
was completed. Of the 33 trainee-respondents, 58% research management for our current visiting 
preferred the multiple choice type of test over scientists and postdoctoral scientists was strongly 
completion or supply type questions. Age, civil endorsed. The course will complement the research 
status, and English language proficiency were training of the scientists. 
found to he associated with test preference. It was also agreed that IRRI would award 
Trainees who were older, married, and less plaques of merit and completion to visiting 
proficient in English preferred multiple choice. scientists and degree scholars who complete their 
Trainees who preferred completion questions or academic requirements within the period of their 
had 11o definite preference scored significantly MS and Ph D scholarships. 
higher in the completion type than in multiple 
choice tests. The performance of trainees who VISITINGI SCI ENTISTS, POSTI)OCTORAI. 
indicated preference for multiple choice questions SCIENTISTS. AND COLLABORATIVE RESEARCH 
did not differ significantly in both test types. Based IElLOWS AND SCIENTISTS 
on these results, the use of either pure multiple 
choice items or a combination of multiple choice Those who completed their programs during 1987 
and completion test types, with fewer completion are listed below. 
items, is recommended for practical tests. 

Agronomy 
INSI RtCI IONAL RESOURCES A. N. Rao. Postdoctoral scientist. India. Farmers' 

weed control practices in Guimba, Nueva 
The generation of courseware that documents Ecija.
 
content information in the forni of self-learning Banda Mambani. Postdoctoral scientist. Zaire.
 
material,: was intensified. The following courseware Physical edaphology of tropical lowland rice
 
is either available or in various stages of pro- soils in rice-based systems.
 
duction:
 

* 	Manuals of performance objectives for seven Multiple Cropping 
regular courses (CSTP, GEU, FSSR, IPM, P. K. Aggarwal. Postdoctoral scientist. India. 
INSFFER, T3C, and URTC) I) Wheat production in Southeast Asia

* A series of illustrated booklets portraying field potential and constraints. 2) Intercropping of 
and laboratory skills-33 Rice Production legumes to contribute nitrogea in low input 
(RPC) booklets in English and French; 16 upland rice-based cropping systems. 
CSTP; 6 GEU Y. Shimizu. Collaborative research fellow. Japan. 

* Slide-tape programs--65 RPC; 10 CSTP; 30 Maize establishment and management after 
FSSR lowland rice in partial irrigated environment 

o 	Computer-based instruction--6 RPC at Guimba, Nueva Ecija. 
A 2-yr IDRC-sponsored project and a donation 

by the Hewlett Packard Corporation provided Plant Pathology 
resources to develop knowledge databases speci- Lina Ilag. Visiting scientist. Philippines. Mycor
fically for training and for using the computer as a ihizae on rice-based cropping systems and 
storage and retrieval device, 	 their effect on disease. 

A computer-baszd information management Arcadio Quimio. Visiting scientist. Philippines. 
system for administering training programs i, in 1) Detection and identification of Xaniho
the final phase of testing. It will assist in psonnel monas campestris pv. oryzae by direct 
ad ministration, project information mraagement, immuPoflorescent procedure. 2) Serological 
financial management, and corre-iqondence in- relationships among Philippine strains of 
herent in administering training programs. Xanthomonas canmpestrispv. ort'zae. 
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Richard Plowright. Collaborative research scien-
tist. United Kingdom. 1) An investigation of 
the influence of the root lesion nematode, 
I'raiyhenchus zeae on the growth and yield of 
rice. 2) Examination of the variation in host 
stat us of upland rice accessions to Prao'lei-

Soil Microbiology 
R. 	 Simanungkalit. Postdoctoral scientist. Indo-

nesia. Growth and nutritional response to 
upland rice to visicular-arbuscular mycorrhizal 
inoculation. 

M. 	 G. Murthy. PostdoctoralAssoiaton 

Association of diazotrophs 


f dizotoph scientist.andgroth-India. 

and growth-promoting rhizobacteria with rice, 

Soils 

I). K. lPainuli. postdoctoral fellow. India. Physical 
and micromorphologica: aspects of rice-soil 
puddling. 

P. Olegario Mufiiz Ugarte. Special research fellow. 
Cuba. Comparison ofextractants to determine 
available zinc. 

Statistics 
Brigida Octavio. Postdoctoral scientist. Philip-

pines. I) Development and installation of a 
database management systems (DBMS) for 
GEU. 2) Development of training materials 
for the computer sessions in nondegree 
training programs. 

R[SFARCII F-[tOWS 

An 	asterisk (*) indicates completion of the MS 

dcgree and two asterisks (**) the Ph D degree 

edaring the year. 


Agricultural Fonomics 
Virginia Sandoval**. Philippines. Agricultural 

decision-making patterns and process in a rice-
aqluaculture based community. 

Agronomy 
Dong Hyun Shin**. Korea. Development of rice 

resistance to herbicide through tissue culture. 
Sang Chul Lee**. Korea. Effect of planting 

method, fertilizer management, and plant
growth regulator on lodging in lowland rice. 

Valerio Tanguilig**. Philippines. Root growth, 
water potential, nutrient uptake, and grain 
yield of upland rice as affected by-soil moisture 
deficit. 

A. 	 L. Shah*. Bangladesh. Sulfur and zinc inter-
Action in lowland rice. 

Cereal Chemistry
Sunil Kumer Biswas**. Bangladesh. Effect of 

starch properties on parboiling process and 
some physicochernical properties of parboiled 
rice. 

International Rice Germplasin Center 
Md. 	 Kairul Bashar*. Bangladesh. Generic studiesof rice root xylem vessels and related charac

ters in relation to drought avoidance 

mechanism. 

Multiple Cropping 
Ruhul Amin*. Bangladesh. Studies on breaking 

seed dormancy in Seshania rostrata (Brem. 
and Oberm.). 

Plant BreedingGhulam Nabi Mir**. India. Inheritance of bacterial 
leaf blight resistace in rice cultivars. 

Moion Poonyari* Thailand. Genetics of basic 
vegetative phase, photoperiod sensitivity, and 
critical daylength in rice Orrasativa L. 

Plant Physiology 
Dilip Kundu**. India. Chemical kinetics of aerobic 

soils and rice growth. 
P. K. Patra**- India. Influence of water regime on
 

chemical kinetics of soils and rice growth.
 
M. 	 A. M. Miah**. Bangladesh. Phosphorus 

nutrition of rice in saline soil. 
Md. Kairul Bashar*. Bangladesh. Genetic studies 

of rice .root xylem vessels and related charac
ters in relation to drought avoidance 
mechanism. 

Rice Farming Systems Program 
Nizam Uddin Ahmed**. Bangladesh. Short

duration postrainyseason pigeonpea(Cajanus 
cqjan (L.) Millsp) as a dual purpose crop in 
farmers' lowland .ice-based cropping systems. 
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Soil 	Microbiolog) Plant Breeding 
Lin Chang**. China. Study on the association Wu Kunsheng*. China. Chromosomal location of 

between Anahaena azollae Strasburger and isozyme loci with primary trisomics in rice. 
Azolia micruphrllaKaulfuss during germina- Cyril Sebastian Roberts*. Guyana. Genetic analy
tion of megasporc-carps. sis of response to butachlor in rice (Orvza 

Consolacion Castaneto**. Philippines. Some sativa L.).
 
phvsiological changes in sencscing Azolla
 
4natu1na azollac complex as induced by Tissue Culture Facility
 

crowding. 	 Celsa Quimio*. Philippines. Diallel analysis of 
C. 	Y. Chiu**. China. Nitrogen transformation in callus formation and green plant regeneration 

soil-plant system by using 15N technique, in anther culture of rice. 
Shahajahan Miyan*. Bangladesh. Rhzobium 

inoculation of Sesbania rostrata and the Soil Microbiology 
influence of its incorporation on plant- Stella Asuming Brempong.* Ghana. Response of 
associated N2-fixation and yield of wetland Anabaena: free and symbiotic azolla to tem
rice. 	 perature and phosphorus. 

Training and Technology Transfer Soils 
Meer Md. Muniruzzaman*. Bangladesh. Theeffect Do Thi Than Ren*. Vietnam. Chemical charac

of synthetic nitrogen fertilizer and green teristics and nutrient kinetics of acid sulfate 
manure combinations on the yield of trans- soils from the Mekong Delta in Vietnam. 
planted rice in farmer's field. Victor Asio*. Philippines. Biocalcification and 

siltation in paddy soils. 

Water Management 
Christopher Wensley**. USA. Rehabilitation of NONDEGREE SCHOI.ARS AND FELLOWS 

irrigation systems: a comparative analysis of Communication and Publications 
[lt Pdhilippines. U Kartasasmita. Indonesia. Training in graphics 

Md. Abdul Gani**. Bangladesh. Improving water and audiovisual production. 
management in the G. K. irrigation system in Mohamad A. Sanoh. Sierra Leone. Training in 
IBangladesh. graphics and audiovisual production. 

RISI ARCH SCHOLARS 	 International Rice Germplasm Center 
Chen Shuping. China. Orientation and briefing of

The following completed the MS degree during IRGC operations. 
1987. 
 Nguyen Xuan Hien. China. Rice germplasm man

agement. 
Agricultural Economics K. Kanyavong. Laos. Rice germplasm manage-
Samuel Brempong*. Ghana. Comparative advan- mnit. 

tage and rice policy, Ghana. 
Usman M ustafa*. Pakistan. A general equilibrium Plant Breeding 

model of the effects of wheati rice mechaniza- Lu Zitong. China. Shuttle breeding project. 
tion in Pakistan. Le Cam Loan. Vietnam. Analysis of rice grain 

quality. 
Entomology Lai Van Nhu. Vietnam. Rice breeding. 
Francis Onyango*. Kenya. Behavioral and physiol- Doan Van Tranh. Vietnam. Rice breeding. 

ogical responses of green leafhopper Nepho- Pham Dinh Phuc. Vietnam. Rice breeding. 
tettix virescens (Distant) to selected resistant Pham Cong Voc. Vietnam. Rice breeding. 
rice varieties. S. Nugprachaya. Thailand. Hybrid rice. 
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K. K. Doungsila. Laos. Analysis of grain quality. 

Phoumi lthapanya. Laos. Rice breeding. 

Huang Chi Lin. China. Analysis of rice grain 


quality. 
He Rong. China. Analysis of rice grain quality. 
Chen Yi. China. Analysis of rice grain quality. 
Lui X. Ping. China. Analysis of rice grain quality. 

Plant Physiology 
Pham Van Cuong. Korea. Effect of ripening 

condition on yield. 

Soil Microbiology 
Nguyen Than Hien. Vietnam. Nitrogen fixation in 

the rhizosphere of rice. 
M. 	 Asfia. Iran. Training on azolla use. 
H. P. Singh. India. Training on azolla use. 

Statistics 
B. 	Kanyavong. Laos. Application of statistical 

procedures in agricultural research. 
Noukone. 	 Laos. Application of statistical proce

dures in agricultural research. 

PARTICIPANTS IN REIGUI[AR COURSES 

Agricultural Engineering Course I (AEC 1) 

25 May-12 Jun 1987
 

China 
Dong Cuifang 

Inlia 
Suvrat Kumar Singh 
E. V. Thomas 

Alai 
Mody Sow 

Nieria 
Ibiam Ogaluonye Oguejiofo 

Philippines 
Guillermo B. Baylas 
Rosario Pacheco 
Lacmodin Ubpon 
Ernesto M. Velasco 

Sri Lanka 
Bandara Dhanapnla Arampola 
Muthukuda H. M. Abeysinghe Bandara 
Peter Lengowski 

Tanzania 
Bunyinyiga Bituro Jackson 

Thailand 
Ravee Araveeporn 

Agricultural Engineering Course II (AEC II) 
16 Nov-4 Dec 1987 

Bangladesh 
agladc.iKh 

Egj'pt 
Md. 	Moustafa EI-Kholy 

India 
Inumella S. R. P. Sarma 
Akhilendra Prakash Srivastava 

Madagascar 
Justin Henri Rakotonaivo 
Romule Joseph Randrianaivo 

Malaysia 
Abu Hassan Bin Daud 

Nigeria 
Bashiru Akande Lawal 

Sri Lanka 
Abeysinghe M. P. Bandara 
Cyril Jayasinghe Danthanarayanage 
Volker Hell 

Thailand 
Hotrachitra Somsak 

Vietnam 
Dao Tue Vu 

Cropping Systems Training Program (CSTP) 
2 Feb-26 Jun 1987 

Bangladesh 
N d. Shafiul Alam 
A. 	F. S. Shoriful Haque 
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China Nigeria 
Wang Liude Pius Nwacholife Ndedigwe
 
Ying Jifeng
 

Philippines
 
hIdia 
 Rebecca 0. de Guzman
 
Setty Ranganath Adeppa
 
Tiyunelveli N. S. Balasubramanian Tanzania
 
Harihar Prasad Singh Issa Lembuya
 

Pakistan Thailand 
Mohammed Ria7 Malik Rungtavan Pushpavesa 

Philippines Editing and Publication II (EDPUB II)
 
Maybel B. Cruz 
 20 Jul-23 Oct 1987
 
Nicanora B. Eroisa
 
Jose 1.Ong, Jr. Brazil
 
Emilio C. Palencia 
 Deizia Santos Barroso 

Sri Lanka China 
Langappulige Cecil Dnarmasri Wang Zhenjiang
 
Yasoda Dayani Jayasuriya
 
Lakshman Lalith Ranasinghe Ecuador
 

Maria Cuvi Sanchez 
Tanzania
 
Laisi Elias Abel Letayo Kenya
 

Kipkoskei Sirma Arap Buigutt
Thailand 
Wilai Klaklangsamorn Malawi 
Sarayouth Phumiphon Richard John Mbando 
Worapan Poopar 
Boonguer Poosri Malaysia 

Rosiah Binti Harnzah 
Vietnam 
Quach Ngoc An Nigeria 

Briggs Chinkata Nzotta 
Editing and Publication I (EDPUB I) 
2 Feb-8 May 1987 Philippines 

Marites G. Yee 
Bangladesh 
Devi Prasad Mazumder Sri Lanka 
A. A. M. S. Arefin Siddique Seneviratne B. K. Bandara 

Botswana Farming Systems Socioeconomic Research 
Mogotsi Joe Matebesi (FSSR) 

5 Oct-4 Dec 1987 
China 
Miao Zhuoran Bhutan 

Shankar Chhetri 
India 
Tapan Kumar Ghosh Brazil 
Yateendra Joshi Naldo Luiz Dalmazo 
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China 
Fang Xianfa 

Guo Jianjun 

Huang Yaohui 

Wang Guofa 


Colomhia 
Leonardo Rey 

Indonesia 
A. Najamuddin 

Al Sri Bagyo
 
MadagascarMeianda r 
Desire Andrianorosoa
 

Felice Rasambomanana 


Malaysia 
B.Abu Bakar Noor Rawi 

Nepal 
Dilaram tihandari 

Ajay Raj Sharma 


Philippines 
Gil Gabriel Bordado Ill 

Jessie A. Lumbao 

Consuelo Naeg
 

Sri Lanka 
Ratnayake M. Abeyratne Bandara 

Albert Naurunnage
 

Thailand 
Phawinee Chotikunta
 
Penporn Janekarkij 

Supon Thanooruk 


Vietnam 
Le Thac Trinh 

Genetic Evaluation and Utilization (GEU)
2 Feb-22 May 1987 

Brazil 
Veridiano dos Anjos Cutrim 

China 

Chen Yixin 
Song Xiaolu 
Wu Guanting 

India 
Tajinder Singh Bharaj 
Chintala Sadasiva Reddy 
Ajmer Singh 
Karayil Chathai Velayudhan 

Madagascar 
Xavier Roland Rakotonjanahary 

Mexico 
Jorge Salcedo Aceves 

Nepal
Shambhu Prasad Khatiwada 

Philippines 
Primitivo G. Llano 

Tanzania 

Moses N. W. Mnzava 

Thailand 
Nantha Ananchaipatana 

Vietnam 
Thai Thi Hoe 
Nguyen Quang Xu 

Integrated Pest Management (IPM) 
20 Jul-18 Nov 1987 

Canerton 
Birang A. Madong 

China 
Mao Lixing 
Jiang Jianyun 
Tang Ying 
Zhang Xiaoming 

India 
Gurusamy Alagarsamy 
Mithilesh Narayan Lal 
Ajit Kumar Pal 

Indonesia 
Gusti Putu Alit Diratmaja 

N'pal 
Shree Baba Pradhan 
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Nigeria Thailand 
Ephraim Olufunso Bright Chaisak Paewpolsong 

Im-erb Rungsun
 
Philippines Thongchai Sungnoy
 
Benigno G. Cruz
 

Vietnam
 
Sri Lanka Le Van Chat
 
Salpadoruge Kingsley Lakshman Fernando Bui Quang Xuan
 
Loku Banda Mahagedera
 

Irrigation Water Management (IWM)Sudan 
24 Aug-2 Oct 1987Idris Ali Mohamed Ahamed 

BangladeshThailand 
Abu SalequeSitthichai Limrateepong 
Md. Ashraf Ali ChoudhurySomchai Tangppoonpol 

BhutanVietnam 
KinzangVu Thi Hoi 

Pham Lan La India 

Ramesh Chandra Sirvastava 
International Network. on Soil Fertility and Sura Venkat Subbaiah 

Fertilizer Evaluation for Rice (INSFFER) A. K. Choudhury 
2 Feb-22 May 1987 

Indonesia 
China Abdul Haris Asdiyanto 
Duan Binwu Didiek Setio Budi 
Huang Weixiang Abi Prabowo 
Lin Xinjiang Yanto Sugianto 

India Mexico 
Ramachandra Boopathi Ignacio Mendez Arevalo 
Rabindra Nath Samantaray 

NepalMadagascar 
Sudarshan Dev PanJustin Ratsimandresy

y Uttam Raj Timilsina 

Ne.al 
Sanjay Kumar Gami Philippines 

Domingo F. Alcaraz 

Nigeria Edgardo P. Cruz 
Emmanuel Ojo Oluwole Ajayi Edilberto L'omigo 

Glicerio C. Nelinida 
Philippines Theody B.Sayco 
Leonardo M. de Leon 
Floricadel B.Lopez Sri Lanka 

Tuan Amamath Booso 
Sri Lanka Wipula K. B. Elkaduwa 
Jayalatharachchige D. Wijewardena Appuhamyge Jayatilake 
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Thailand 
Yongyuth Deewong 
Pongput Kobkiat 

Prasit Pichairurke 
Lertchai Sri-Anunt 

VietnamnharnLeGe 

Nham Le Thi 

To Phuc Tuong 


Statistical Procedures and Computer Applications 
in Agricultural Research (SPCAAR)

30 Mar-5 Jun 1987 

Dbanghadeah 
lDebi Narayan Rudra Paul 

Badrul Alam Dewan 


(hiltt 


XI Zhlaoyao 

Amit Kumar Vasisht 

LaosNuokone 

NuokoneMd. 


Kanyavong Bounphavanh
 

MfalaiYLus Jaafar 

Pakistan 

Mohammad Ashfaq 

Phililjinesesus Abella 

7hailan(l 

Nongyow Unyawong 

Vietnam? 

Pham Trung Kien 

Training and Technology Transfer Course ] 
(T3C I) 

2 Feb-24 Apr 1987 

China 

Fei Luting

Jinping
 

Li Jian
 
Liao Xiyuan
 

Lu Yongliang

Zeng Heping
 

Thailand 

Sumalee Arayangkura

Kanokcat Sittipoch
 
Veerasak Sri-Aun
 
Sunittha Sutthikitpong
 

Training and Technology Transfer Course I1 
(T3C II) 

20 Jul-9 Oct 1987 

Bangladesh 

Hafiz Uddin Ahmed
 
Khairul Alam Billah
 

Abdul Jabbar
 

Indonesia 
Joni Husein

Arifin Mustamin
 

Donna PurbaSarono 

Sri Lanka 
Hillary Ajith AthapathuDon Indrasiri Kommala 

Abeyratne Basnayake Mudiyanselage 
Dharmasena Galaboda Rallage
 
Tyuraippa Kandasamy Subramanian
 
Sarath Wecratunga
 

Upland Rice Training Course (URTC) 
20 Jul-6 Nov 1987 

Bangladesh 
Ranjit Kumer Das 

Brazil 
Abilio Rodrigues Pacheco 
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Burmna Philippines 
Yan Thein Mario A. Cresencio 

Jose Torres 
Costa Rica
 
Jorge Ahmed Loaiciga Guillen Thailand
 

Boonoom Klawyotha
 
Guinea Pote Pimpanit
 
Souare Daouda
 

Legume Varietal Improvement for Rice-Based 
India Cropping Systems (LVI) 
Ranjan Ghosh 26 Oct 1987-26 Feb 1988
 
Pichiah Gomathinayagam
 
B. H. Manjappa Bangladesh
 
Alla Peraiah Md. Matiur Rahman
 

Indonevia Indonesia 
Irwan Nasution Suprapto 

Ivory Coast Nepal 
Ncho Achiaye Ludovic Bai Dya Na Th Jha 

Liberia Sri Lanka 
Peter S. Clement Sinhe Wiriduge Kalyanee Weerasinghe
 
William K. Massaquoi
 

Thailand 
Mexico Somchai Boonpradub 
.Jose Luis Garcia Angulo 

Nigeria Field Methods for Pest Management Research forNigrnia ODeepwater Rice (PDWR) 
Olubunmi Ogundiya 31 Aug-19 Sep 1987 

PARTICIPANTS IN SPECIAL SHORT-TERM Bangladesh 
COURSES Md. Mostak Ahmed Chowdhury 

Md. Anowar-ul Hoque Mondal 
Varietal Testing for Intensive Rice Farming 

Sy,;'ems (VT) India 
1-26 Jun 1987 Shiv Kumar Singh Chauhan 

Chandra Sekhar Das 
Bangladesh C. Kundu 
Md. Solaiman Khan B. N. Medhi 

Ananta Prasad Samalo 
(hina Ramashrit Singh 
Ii Yimin Udai Pratap Singh 
Wang Bujun Basanta Ram Yein 

Indonesia Indonesia 
Abdul Gani Mukhlis Hamda 
Sriwidodo Erna Heryati 
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Philippines 
Hilario D. Justo, Jr. 

Thaidand 
Patchanee Chaiyawat 

Sansook Ratanapol
 

VietnatnetamVanKaryana
 
Pham NVan Giang 

Nguyen Van Sanh 


GEU Deepwater Rice (GDWR) 

20 Jul-30 Oct 1987 


Bangladesh 
Md. Shamsher Ali 

Burma 
Chit Ohn 

China 
Liu Yong Sheng 

India 
Md. Tomizuddin Ahmed 

Jawahar Lal Dwivedi 

D. Mahapatra
 
Shiva Shanker Prasad 

Vinoy Nandan Sahai 


Indonesia 
Tintin SLhartini 

Thailand 
Kachon Petchrit 
Charuwan Bangwaek 
Surapong Sripongpankul 

Vietnam 
Nguyen Ngoc De 

Hybrid Rice Seed Production (HRSP) 
1-22 Sep 1987 

Brazil 
Sidnei Bicca Da Rocha 

India 
Ayachitula S. R. Sarma 
Rajendra Kumar Trivedi 
C. S. Mani 
R. N. Rao 

Indonesia 

Satoto 
Syarifuddin Tarigan 

Korea 
Hwang Hung-Goo 

Shin Young-Seop 

Malaysia 
Ku Yahaya Hashim 

Philippines 
Celestina Agbigay 
Hilario de la Cruz 

Thailand 
Sopit Suyasri 
Thawatchai Teekachunhatean 

Vietnam 
Nguyen Huu Nghia 

International Azolla Training Course (AZOLLA) 
6-19 Jun 1987 

Brazil 
Bral 
Maria Salete Aires Rangel 
China 

Chen JianDing Wu 
Li Ping 

Ping Shuzhe'n 
Shong Jingxian 
Shong Tiejing 
Xu Jing 
Zherg Zhean 
Zhou Bengqing 
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India 	 Philippines 
Somasundaram Muthukkaruppan Vicente del Pilar
 
Davendra Prataf Singh Cesario Egos
 
G. 	S. Thangamuthu Roberto Guarte
 

Jose Lorenzana
 
Madagascar Manolo Loreto
 
Raymond Rabeson Pedro S. Mojica
 
Jacqueline Rabelolala Rakotoarisoa Nicasio M. Quindoza
 

Sri LankaMalaysia 
Aini Zakaria 	 J. T. B. Ratnayake 

Pakistan 	 Thailand
Pakian AliPimol Wutisin
 
Sikander Ali Satis Thavornun
 

Philippines Prosperity Through Rice-Phase 2 (PTR2)
 
Stella P. Cabas 1-20 Jun 1987
 
Damaso P. Callo, Jr.
 
Cecilia Estrada Bangladesh
 
Emilia Manalastas 	 A. K. M. Anwarul Haque
 

M. Abul Quasem 
Sri Lanka S. M. Rezaul Karim
 
Amal Padmaja De Silva Bazlul Amin A. Mustafi
 

M. Abdur Razzaque 

Thailand 	 Indonesia 
Somporn Choonluchanon M. Ismunadji 
Hansa Khunathai Boy Sarwono 

Ade Suprijatna 

Multipurpose Dryer Design, Construction, and Ridwan Taher 

Maintenance (DDCM) Alamanda Kartika S. 

2-13 Nov 1987 
Korea 

China Lee Eung Doo 

Su Yingchen Young Bae Kim 

Yuan Xiaode Zhen MinguanPhilippines 
Zheng Mingguan Gonzalo C. Girasol 

IndonesiaDiden TrisnadiSrLak 
Wahyu Sbandio Tennakoon Mudiyanselage Abeyaratna
Wahyu SubandrioErvan Adi NugrohoTenon Tennakoon 
Siswanto Budi Prasodjo Gurunanaselage Anthony C¢'niute De SilvaSamarasinghe Herath Mudiyanselage Gamini 

Samarasinghe 
Amangilihewa Tissa Sunil De Silva Abeysooriya 
Senarath Nihal Jayawardena 
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Thailand 
Vicharn Votong
 
Vichien Sasiprapa
 
Viboon Thepent
 
Kowit Nualvatna
 
Boontam Prommani
 
Chanuan Ratanawaraha
 

Rice Production Course for Kampucheans 
(RP/KM) 

3 Aug-lI Dec 1987 

Thien Chenn 
Hem Chhon 
Hak Khorn 
Mom Kim Khorn 
Chin Kocun 
Sok Leang 
Pich Nan 
Sok Pauch
 
Hong On 
San Smann 
Kuy Sokun 
Prom Kim Teng 
Uch Yorn 



International collaboration 

International Rice Testing Program 
InternationalRice Testing Programand Soils Department 
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Yield nurseries 538 GEOGRAPHICAL VARIATION OF GEOVIRULI.ENCE 
Observational nurseries 539 PATIERNS OF THE RICE BLAST FUNGUS 551 
Nurseries for specific stresses 541 HOT-SPOT SCREENING FOR ADVERSE SOILS TOLERANCE 

1987 NURSERY I)ISIRIITION 541 IN ILOILO, PHILIPPINES 551 
USE fI--P EINTRIIES 948 Acid upland soils 551 
MONIIORING VISITS ANT) PLANNING MEETINGS 5 Inland toxic and phosphorus-deficient soils 551 
IRIl' IN AFRICA 549 Saline and acid sulfate soils 552 
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The International Rice Testing Program (IRTP), a 
cooperative network funded by the United Nations 
Development Programme for the worldwide 
exchange and evaluation of elite rice germplasm, 
completed its 12th year in 1987. The following 
sections summarize I) 	the results of the 1986 
nurseries, for which data were received and 
analyzed in 1987 (detailed results are published 
separately in IRTP annual nursery reports), and 
2) the activities in 1987. 

1986 NURSERY RESULTS 

IRTPcomposed 1,464 sets of 29 types of nurseries-
17 for cultural type and 12 for stress tolerance-
and distributed them to 51 countries cooperating in 
the IRTP network. A new nursery, the Inter-
national Rice Grain Quality Scre.2ning Set, was 
started during the year to identify and disseminate 

Table 1. Best performing entries in the International 
regional moan yields, 1986, 

Region and no. Designatien 

of trials 


Overall, 29 	 IR50 
IR39357-133-3-2.2-2 
IR31785-58-1-2-3-3 
C1158-7 
IR 13539-100-2.2-2-3 


East Asia, 6 Wei You 64 

IR39357-133-3-2-2-2 
IR50 
IR31785-58-1-2-3-3 
IR32429-47-3-2-2 

Southeast Asia, 6 	 IR50 
IR22107-14-2-1 
1R32429-47-3-2-2 
IR13539-100-2-2-2.3 
IR39357-133-3-2-2-2 
1R39422-19-3-3-3-3 

South Asia, 13 	 IR39357-133.3-2-2-2 
IR50 
C1158-7 
IR13539-100-2.2.2.3 
1R31785-58-1-2-3-3 
Wei You 64 

West Asia and C1158.7 
North Africa, 2 1R 13539-100-2-2-2-3 

Wei You 64 
IR31785-58-1-2-3-3 
IR39357-91-3-2-3 

varieties and breeding lines with desirable grain 
quality. 

Yield nurseries. Top ranking entries for the three 
maturity groups of irrigated rices-the Inter
national Rice Yield Nursery-Very Early (IRYN-
VE), -Early (IRYN-E), and -Medium (IRYN
M)-are listed in Tables 1, 2, and 3. Some rices 
performed well in several regions. The yield and 
yield components by site and region are given in the 
detailed IRTP annual nursery reports, published 
separately. Tables 4 and 5 show yields of the best 
performing entries in the two rainfed shallow water 
yield nurseries: early (IRRSWYN-E) and medium 
(IRRSWYN-M). The highest yielding entries in 
the nurseries for the two maturity groups of upland 
rices-early (IURYN-E) and medium (IURYN
M)-are given in Tables 6 and 7. 

During 1986, an F, rice hybrid, Wei You 64, 
developed collaboratively by hybrid rice resear
chers in China and IRRI (Annual report for 1984) 

Rice Yield Nursery-Very Early (IRYN-VE) based on overall and 

Origin Days to Yield 
flowering (tfha) 

IRRI 92 5.2 
IRRI 91 5.1 
IRRI 86 4.9 
Philippines 102 4.8 
IRRI 	 101 4.8 
China 90 7.3 
IRRI 90 6.0 
IRRI 92 5.8 
IRRI 86 5.6 
IRRI 91 5.6 
IRRI 77 4.4 
IRRI 79 4.1 
IRRI 77 4.1 
IRRI 84 4.0 
IRRI 77 4.0 
IRRI 76 4.0 
IRRI 97 5.1 
IRRI 99 5.1 
Philippines 107 4.8 
IRRI 10 4.8 
IRRI 91 4.8 
China 92 4.8 
Philippines 123 10.5 
IRRI 121 9.6 
China 97 9.3 
IRRI 92 8.1 
IRRI 92 7.9 
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Table 2. Best performing entries in the 14th International Rico Yield Nursery-Early (IRYN-E) based on overall and regional 
mean yields, 1986. 

ReNtion and no. Designation 

of trials 


Overall, 35 	 Chianung sen yu 26 
C662083 
IR13240-108-2-2-3 
IR31805-20-1-3-3 
IR32843-92-2-2-3 

East Asia, 4 	 Lu Chao 1 
Chianurg sen yu 26 
C662083 
Iri 346 

UPLRi-4 (C1000-4) 


Southeast Asia, 12 	 IR32843-92-2-2-3 
IR34615-4-2-3 
IR31805-20-1-3-3 
IR13240-108-2-2-3 
IR31868-64-2-3.3-3 
MTU5410-14 
SPRLR76102-26-1-1 

South Asia, 16 	 Chianung sen yu 26 
C662083 
Lu Chao 1 
M'fU5410-14 
SPRLR76102-26-1-1 

West Asia and 	 Chianung sen yu 26 
North Africa, 1 	 IR24632-60-3-3.2 

IR13524-21-2-3-3-2-2 
IR31802-48-2-2.2 
S287B-39-1-3 
UPLRi-4 (C1000-4) 

Sub-Saharan Africa, 2 MTIJ5410-14 
Lu Chao 1 
UPLRi-4 (C1000-4) 
Chianung sen yu 26 
IR32843-92-2-2-3 

Origin Days to Yield 
flowering (t/ha) 

Taiwan, China 106 5.0 
Taiwan, China 97 4.9 
IRRI 99 4.8 
IRRI 104 4.8 
IRRI 100 4.8 
China 102 7.3 
Taiwan, China 109 6.2 
Taiwan, China 99 6.1 
Korea 101 6.1 
Philippines 105 6.0 
IRRI 88 4.4 
IRRI 87 4.4 
IRRI 90 4.3 
IRRI 83 4.2 
IRRI 86 4.2 
India 91 4.2 
Thailand 93 4.2 
Taiwan, China 113 5.0 
Taiwan, China 106 5.0 
China 106 5.0 
India 109 4.9 
Thailand 116 4.9 
Taiwan, China 113 10.3 
IRRI 103 10.3 
IRRI 103 10.2 
IRRI 98 10.1 
Indonesia 103 10.1 
Philippines 110 10.1 
India 106 6.1 
China 101 5.9 
Philippines 103 5.9 
Taiwan, China 113 5.5 
IRRI 104 5.4 

Note: The single site representing the West Asia and North Africa region, where the highest yields exceeded 10 t/ha, was 
Sakha, Egypt. 

was tested at 22 sites around the world in the 
IRYN-VE. The hybrid gave a mean yield of 
5.3 t/ha, whereas IR50 and IR39357-133-3-2-2-2 
had average yields of 5.1 t/ ha. Both the hybrid and 
IR50-in 13 trials each-and IR39357-133-3-2-
2--in 12 trials-produced the highest yields or 
were statistically on par with the highest yields. The 
hybrid was superior to the local check in 10 trials, 
whereas IR50 was superior in 5 trials. At 8 
locations, Wei You 64 produced 0.2-1.8 t/ ha (mean 
0.7 t/ha) higher mean yields than the highest 
yielding inbreds IR50, 1R39357-133-3-2-2, 
IR39357-91-3-2-3, Lu Hong Zhao, and a local 

check (Table 8). At the 14 other sites in the 
Philippines, Thailand, Bangladesh, India, 
Pakistan, and Egypt, it did not yield higher than 
the inbred cultivars. This further confirms our view 
that rice hybrids developed in China have very 
limited adaptability outside China. and therefore 
we need to develop region-specific hybrids ,,sing 
locally adapted parental lines. 

Observational nurseries. The best performing 
entries in the IRTP observational nurseries IRON, 
IRRSWON, IURON, IRDWON, IFRON, and 
ITPRON, based on their overall phenotypic 
acceptability ratings, are given in Table 9. A 
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Table 3. Bst performing entries in the 14th International 
r~gional miean yields, 1986. 

Region and no. Designation 

of trials 


Overall, 13 	 IR29723-143-3-2.1 

BR316-15-4-4-1 

BG380-2 
BR4-34-13-5 
DR29 

East Asia, 2 	 DR29 
BG380-1 
BR316-15-4-4-1 
BR4-34-13-5 
IR18349-135-2-3-2-1 

Southeast Asia, 3 	 L'G380.2 
IR42 
IR28228-12-3-1-1-2 
IR29723-143-3-2-1 
Seberang 

South Asia, 8 	 IR29723-143-3-2-1 
BR316-15-4-4-1 
BR4-34-13-5 
C1333-4 
DR29 
P1274-6-8M-1-3M-1 

aCIAT = Centro Internacional de Agriculture Tropical. 

Rice Vield Nursery-Medium (IRYN-M) based an overall and 

Origina Days to Yield 
flowering (t/ha) 

IRRI 110 5.3 
Bangladesh 97 5.2 
Sri Lanke 101 5.1 
Bangladesl 102 5.0 
Pakistan 97 5.0 
Pakistan 114 7.8 
Sri Lanka 128 7.2 
Bangladesh 116 6.9 
Bangladesh 117 6.5 
IRRI 126 6.5 
Sri Lanka 89 5.0 
IRRI 99 4.8 
IRRI 95 4.6 
IRRI 100 4.6 
Malaysia 95 4.5 
IRRI 107 5.2 
Bangladesh 96 5.0 
Bangladesh 100 5.0 
Philippines 100 5.0 
Pakistan 97 5.0 
CIAT 97 5.0 

Table 4. Best performing entries in the International Rice Rainfed Shallow Water Yield Nursery-Early (IRRSWYN.E) based 
on overall and regional mean yields, 1986. 

Region and no Designation 
of trials 

Overall, 10 IR21567-9-2-2-3-1-3 
IR33383-23-3-3-3 
IR21567-16-3 
IR26933-16-2-3 
IR21178-39-Pl 

East Asia, IR21015-80-3-3-1-2 
IR21567-16-3 
IR1342740-2,3-3-33 
IR21178-39-Pl 
IR28933-16-2-3 

Southeast Asia, 8 IR21567-9-2-2-3-1-3 
IR33383-23-3-3-3 
BR8B11-448-1-4 
IR21567-16-3 
KKN7205-39-3-SKN-1 -1-1 
IR46 

West Asia and IR21178-39-Pl 
North Africa, 1 IR26933.16-2-3 

IR33383-23-3-33 
1121567-9-2-2-3-1-3 
IR21567-16-3 

Origin Days to Yield 
flowering (t/ha) 

IRRI 99 4.4 
IRRI 97 4.2 
IRRI 97 4.0 
IRRI 89 4.0 
IRRI 96 3.9 
IRRI 88 4.7 
IFRI 103 4.4 
IRRI 87 4.3 
IRRI 100 4.0 
IRRI 98 3.9 
IRRI 97 4.3 
I1RRI 95 4.0 
Bangladesh 94 3.9 
IRRI 95 3.7 
Thailand 92 3.7 
IRRI 96 3.7 
IRRI 99 6.9 
IRRI 91 6.8 
IRRI 103 6.4 
IRR I 102 6.1 
IRRI 103 5.7 
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Table 5. Best performing entries in the 6th International Rice Rainfed Shal;ow Water Yield Nursery-Medium (IRRSWYN.
M) based on overall and regional mean yields, 1986. 
Region and no.Yid 

Regionand
of trials Designation 

Overall, 13 RPI057-184-5-3.2 
BR51-74-6/J1 
IR13146-45-2-3 
IR13610-72-2-2E.P1 
IR13610-72-2-2E-P2 
IR19083-22-2-2 
Mahsuri 
Mat Candu 

Southeast Asia, 8 RP1057-184-5.3.2 
BR51-74-6/J1 
IR19083-22-2-2 
Mat Candu 
IR13146-45.2-3 
IR13610.72-2-2E-P2 
Mahsuri 

South Asia, 5 BR51-74-6/J1 
IR13610-72-2-2E.P1 
IR21037-2.1.2E.P1 
RP1057.184-5.3-2 
IR13146-45.2-3 
IR13610-72-2-2E-P2 
Mahsuri 

Table 6. Best performing entries in the 12th International Upland Rice Yield Nursery-Early (IURYN-E) based on overall 
mean yields, 1986. 

Region and no. Designation 

of trials 


Southeast Asia, 13 	 IR25588-7-3-1 

IR10198-66-2 

IRAT 110 
CR222-MWIO 
1R9761-19-1 

Note: IURYN-E tests were conducted only in Southeast Asia. 

number of entries were resistant to or tolerant of 
one or more important stresses at trial locations, 

Nurseries for specific stresses. Tables WOand I I 
list the best performing entries in nurseries 
established for specific stresses. Insect nurseries 
were those for brown planthopper (IRBPHN), 
whitebacked planthopper (IRWBPHN), and stem 
borer (IRSBN). Disease nurseries were those for 
ufra nematode (IRUSS), bacterial blight (IRBBN), 
rice blast (IRBN), and rice tungro (IRTN). 
Nurseries for other stresses were those for salinity 

Origin Days to Yield
flowering (t/ha) 

India 	 129 3.9
 
Bangladesh 120 3.8
 
IRRI 116 3.3
 
IRRI 120 
 3.3 
IRRI 	 121 3.3 

3.3IRRI 	 111 
Malaysia 	 118 3.3
 
Malaysia 129 
 3.3 
India 119 4.4
 
Bangladesh 110 
 3.9 
IRRI 105 3.9 
Malaysia 121 3.8 
IRRI 106 3.6
 
IRRI 110 
 3.6 
Malaysia 108 3.6 
Bangladesh 	 134 3.6 
IRRI 137 3.1 
IRRI 137 3.0 
India 144 3.0 
IRRI 132 2.9 
IRRI 137 2.9 
Malaysia 130 2.9 

Origin Days to Yield 
flowering (t/ha) 

IRRI 77 2.3 
IRRI 77 2.2 
Ivory Coast 72 2.2 
India 76 2.1 
IRRI 80 1.9 

and alkalinity (IRSATON), acid upland and acid 
lowland soils, and cold tolerance (IRCTN). 

1987 NURSERY DISTRIBUTION 

A total of 1,550 sets of 29 types of IRTP nurseries 
(17 for cultural type, II for stress tolerance, and I 
for grain quality) were composed and distributed 
to 50 countries in the IRTP network (Table 12). In 
Asia, 1,098 sets wcni to national programs. Sub-
Saharan Africa received 237 sets, of which 83 went 
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Table 7. Best performiqg entries in the 12th International Upland Rice Yield Nursery-Medium (IURYN.M) based on overall
and regional mean yields, 1986. 

Region and no. 
of trials 

Designation 

Overall, 7 IR12979-24-1 (Brown) 
BR319-1 
IR13754-5-2 
B2992b-Tb-73-4.2-3.3.3.2 
C894-7 
IR43 

Southeast Asia, 5 IR12979-24-1 (Brown) 
IR13754-5-2 
BR319-1 
B2992b-Tb-73-4-2-3.3-3-2 
IR43 
IR5931-113-1 

South Asia, 1 BR319-1 
IR12979-24-1 (Brown) 
C894-7 
B2992b-Tb-73-4.2-3-3-3-2 
ADT31 
NDR97 

Latin America, 1 IR27078-11-2 
C894-7 
IR13754-5-2 
IR7835-28-2-4 
B2992b-Tb-73-4-2-3-3-3-2 
NDR97 

Table 8. Yields of rice hybrid Wei You 64 and 3 best inbred rice cultivars at selected sites in the 7th International Rice
Yield Nursery.Very Early (IRYN-VE), 1986. 

Location 

China 
Guangzhou, Guangdong 
Fuzhou, Fujian 
Luzhou, Sichuan 
Lian Tang, Nanchang 

Bangladesh 
Comilla 

India 
Aduthurai, Tamil Nadu 

Pakistan 
Dokri, Sind 

Turkey
Edirne 

Mean 

Origin Days to Yield 
flowering (t/ha) 

IRRI 79 2.4 
Bangladesh 85 2.2 
IRRI 93 2.2 
Indonesia 82 2.1 
Philippines 91 2.0 
IRRI 95 2.0 
IRRI 74 2.8 
IRRI 87 2.6 
Bangladesh 75 2.5 
Indonesia 94 2.4 
IRRI 85 2.4 
IRRI 77 2.4 
Bangladesh 96 2.2 
IRRI 87 2.1 
Philippines 98 1.9 
Indonesia 94 1.6 
India 91 1.6 
India 86 1.6 
IRRI 127 1.5 
Philippines 120 1.0 
IRRI 109 0.9 
IRRI 119 0.8 
Indonesia ill 0.7 
India 79 0.7 

Yield (t/ha) 
Wei You 64 Second best Increase of 

(1) entry (2) (1)over (2) 

7.1 6.8 
7.9 6.9 
7.1 6.7 
7.2 6.6 

5.7 4.9 

6.7 6.2 

6.9 6.7 

8.3 6.5 
7.1 6.4 

to the West Africa Rice Development Association 
(WARDA) for distribution to member countries, 
Ninety-two nursery sets went to national programs 
in West Asia and North Africa. One hundred 
fifteen scts went to 13 countries in Latin America, 5 

0.3 
1.0 
0.4 
0.6 

0.8 

0.5 

0.2 

1.8 
0.7 

sets to 2 countries 

Name of second best cultivar 

IR39357-133-3-2.2 
IR39357-133-3-2.2 
Lu Hong Zhao 
IR39357-133-3-2-2 

IR50 

IR39357-91-3-2-3 

IR39357-133-3-2-2 

Local check 

in Europe, and 3 sets to 2 
countries in Oceania. Sources of entries in the 1987 
IRTP nurseries distributed around the world 
appear in Table 13. Atotal of 1,291 nursery entries 
were distributed. 
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rable 9. Entries that received the best phenotypic acceptability ratings in the 1986 observational nursed-. 

Nursery and no. of trials 

International Rice Observational 

Nursery (IRON), 27 


International Upland Rice 

Observational Nursery (IURON), 17 


International Rice Rainfed Shallow 

Water Observational Nursery 

(IRRSWON), 19 


International Rice Deepwater 
Observational Nursery 
(IRDWON), 6 


International Tide-Prone Rice 

Observational Nursery (ITPRON), 5 


International Floating Rice 
Observational Nursery (IFRON),8 

Designation 

C702015 
PDR76-D1O-DB.D1 
IR39357-133-3-2-2-2 

IR39357-45-3-2-3 

IR24632-145-2-2-2-3 

Si-pl 692033 

IR31787-16-1-2-3-2 
IR28128-45-2 

IR29725-22-3-3-,3 

IR31787-41-2-2-3-3 


Iri 352 

IR35295-82-2-1-3-2 

P2025F4-93-2-5-1 B 

P2060F4-2-5-1 B 


KU82 
IR43 

ITA212 

UPLRi-7 
IR25898-57-2-3 

ITA233 

IR25090-82-5-i 

NDR80 

UPR231-28-1-2 
IR65 

Bala Late Mutant 
P1386-2-6M-5.1B 

BR11 

BRC16-127-4-1 

BRC16-127-4-2 

BR15-49-6/HR54 
RTN90-4 

BR51-49-6-HR63 
IR33360-60-1-2-2 

BR51-291-3-22 

MRC4917.3164 

BRB11-461-1 

BR113-47-1-2-1-2 
IR13149-43-2-P1 
IR31429.20-2.3 
BRB11-448-1-4 

CN691-1 
DWCB-B-110-H3 
HTA7406-115-0-0-1 
Jalaplaban 
DWCT156-1-2 

1R 11288-B-B-445-1 

IR31338-30-2-1 


B5354-5D-MR-1 
IR25388-31-1-2 
Bardh Kuning (Acc. 14681) 
B5332-13D-MR-4-4 
BR4 

BH2 
BKN6988-52-1-3 
HTAFR77028-6-2 
BR116-3B-28 
BR516-341-1 

Mean phenotypicacceptability score 

4.1 
4.4 
4.5 
4.5 
4.5 

4.5 
4.7 
4.8 
4.8 
4.8 

4.8 
4.8 
4.8 
4.8 

4.1 
4.2 
4.4 
4.5 
4.6 

4.6 
4.7 
4.7 
4.7 
4.8 

4.9 
4.9 

3.1 
3.2 
3.6 
3.6 
3.7 

3.7 
3.8 
3.8 
3.9 
3.9 
3.9 
4.0 
4.0 
4.0 

4.5 
4.5 
4.7 
4.7 
4.8 
4.8 
4.8 

3.4 
4.4 
4.6 
5.0 
5.0 

2.7 
4.2 
4.2 
4.3 
4.8 

Mean daysto flowering 

101
 
104
 
92
 
92
 

100
 

102
 
97
 
93
 
95
 
94
 

96
 
102
 
114
 
109
 

90
 
99
 

104
 
84
 
75
 

101
 
77
 
86
 
87
 
92
 

88
 
100
 

113
 
114
 
114
 
116
 
104
 

117
 
107
 
105
 
88
 

109
 
115
 
111
 
97
 

103
 

134
 
134
 
130
 
138
 
129
 
130
 
124
 

120
 
136
 
136
 
117
 
119
 

123
 
124
 
132
 
127
 
124
 

http:P1386-2-6M-5.1B
http:PDR76-D1O-DB.D1
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Table 10. Best performing entries in the 1986 Insect and disease nurseries. 

Nursery a and no. of trials 	 Entries rated resistant 

IRBPHN, 22 	 PTB33, IR27316-78-3.3, IR29725-109-1-2-1, IR28224-3-2-3-2, IR13427-45
3-1-2-2-2, IR29692-94-2-1-3, IR32822-2-2-3-2, RNR3070, Rathu Heenati 
(Acc.11730)
 

IRWBPHN, 9 A. 	 Field B. Greenhouse 
C15662-2 (Acc. 3520) Bahbalon 
IR13427-45-3-.,2-2-2 IR13475-7-3-2 
IR29692-94-2-1-3 IR 13427-45-3-1-2.2-2 
NP97 (Acc. 46464) IR15527-21-2-3 

IR 15529-253-3-2-2-2 
I R 15795-151-2-3-2-2 
IR17307-11-2-3-2 
IR28154-101-3-2 
Rathu Heenati 
(Acc. 11730) 

IRSBN, 2 
Vegetative stage IR45, IR4619-57-1-1-2-1, W1263 (Acc. 11057) 
Heading stage 	 IR15795-151-2-3-2-2, IR28150-84-3-3-2, IR4619-57-1-1-2-1, Ratna 

IRUSS, 2 	 Bazail 65, CNL319, CNM539, Karkati 161, NC487-77 

IRI3BN, 27 	 IR54, RF2151-173-1-8, RP2151-192.1, RP2151-192-2-5, RP2151-33-2, 
RP2151-40-1 

IRBN,20 	 IR17525-7-19-1-3-3-2, IR29506-60-3-3-2, IR29586-60-3-3-2, IR31892-100-3 
-3-3-3, IRAT 144, IR39326-9-2-2-3, IR32799-107-3-3-2, IR32843-92-2-2-3, 
IR34583-19-3-3, IR37704-131-2-1-3-2, IR39326-146-3-1-3, Raminad Str. 3, 
Tetep, IR22103-26-6.2, IR31899-30-1-1-3, IR32429-47-3-2-2, 11-132853-185
3-2-2, IR39422-163-1-3-2-2, IR5853-196-1-P1 

IRTN,8 A. 	Field B. Greenhouse 
BR1356-32-1-3 ARCi 1554 
BR308-B-2-3 Tilakkachari 
IR28228-119-2-3-1-1 IR29723-17-3-2-1 
IR28228-12-3-1-1-2 IR29725-109-1-2-1 
IR29725-109-1-2-1 
DM25 
IR28228-96-3-2-1-3 
IR28238-109-1-3-2-2 

aIRBPHN = International Rice Brown Planthopper Nursery, IRWBPHN International Rice Whitebacked Planthopper
Nursery, IRSBN - International Rice Stem Borer Nur;ery, RUSS = International Rice Ufra Screening Set, IRBBN = Inter
national Rice Bacterial Blight Nursery, IRBN = International Rice Blast Nursery, IRTN = International Rice Tungro 
Nursery. 

Table 11. Best performing cntries in the 1986 IRTP soil and low-tomperaturo stress screening nurseries. 

Nursery8 and Entres rated tolerant Nursry and Entries rated tolerant 
no. of trials no. of trials 

IRSATON, 15 
Salinity A69-1, Pokkell, IR14632-2-3, 

Acid Upland, 2 IRAT144, 1R9764-45-2-2, 
Kinandang Patong, IRAT133, 

Bhurarata 4-10, IR 19661-13-3-2, IR12979-24-1 (Brown) 
IR9808-9-2, IR18043.3-1-1, 
IR19661-150-2-2-2-1, IR19743- Acid Lowland, 6 IR18349-53-1-3-1-3, IR31917-31
40-3-3-2-3, IR4227-28-3-2, 3-2, IR19657-87-3-3, IR13146
IR4422-480-2-3-3, IR8073-231- 45-2-3, BR51-120.2, BW267-3 
3-3, IR192-31-2, IRB608-75-3-
1-3, RP975-109-2 

IRCTN, 23 JKAU (K) 450-126-10, JKAU (K) 
450-126-2, Ching-shi 15 (Acc. 

Alkalinity IR8236-B-B-57-2-1, RP975-109-2, 368521), JKAU (K) 450-172-10, 
IR22083-105-3-3-3-3, IR4227-28-
3-2, IR8608.79.Z- -3, 

Z-Yah-Tsan (Acc. 4648), 
Akiyudaka, Suweon 303 

IR9808-9.?, IR8073-231-3-3 

aIRSATON = International Rice Salinity and Alkalinity Tolerance Observational Nursery, IRCTN = International Rice Cold 
Tolerance Nursery. 



Table 12. IRTP nurseries dispatched from IP.RI in 1987. 

Nurseries for different Liltural typesa Screening for specific stresses 

Region/Country Yield Observational 

East Asia-------
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China 

Japan
Korea 
Taiwan, China 

2 

1 
1 

5 

1 

1 1 1 1 1 7 

2 
1 

8 

1 
1 

6 

1 
1 

2 2 2 1 1 5 33 

4 

2 

2 

- -

9 22 

4 
1 

6 

1 
1 

8 

1 
1 

4 

1 
1 

3 78 55 

18 
9 

Southeast AsiaBurma 
Indonesia 
Kampuchea 
Malaysia 
Philippines 
Thailand 
Vietnam 

1 

10 
8 
6 

1 

3 
9 
7 
5 

1 

3 
9 
2 
4 

2 
1 

10 
5 
4 

1 

1 
10 
1 
3 

7 
7 
2 

2 

3 
10 
7 
4 

1 
4 
6 

2 
1 
4 
6 

2 
1 
3 
3 

1 
2 

12 
3 
6 

2 

1 
12 
2 
6 

1 

6 
5 
4 

1 

2 
1 
6 
5 
5 

2 
2 

1 
6 
3 

1 

1 
4 
2 

1 
1 

6 
2 
2 

1 
1 

2 
6 
2 

2 
1 

15 
3 
4 

1 
2 

2 
2 
5 
4 

1 
1 

3 
2 
2 

2 
3 

1 
1 
9 
8 

2 
1 

1 
1 
8 
5 

2 

1 
1 
4 
3 

1 
5 

1 
1 
2 
8 

1 

1 
1 
1 
5 

2 
1 

1 
1 
4 
6 

1 

2 
4 1 

27 
27 

2 
24 

140 
121 
123 

South AsiaBangladesh 
Bhutan 
India 
Nepal 
Pakistan 
SriLanka 

6 
1 

21 
3 
4 

6 
1 

18 
3 
6 

4 
1 

18 
3 
6 

4 

16 
2 
1 

1 

7 
3 
1 

3 

3 
2 
1 

3 

8 
2 
1 

5 
1 

16 
2 
5 

4 
1 

16 
2 
S 

3 
1 

14 
3 
5 
1 

3 

17 
2 
1 

3 

5 
2 
1 

3 
1 
6 
1 
1 

3 
1 
9 
1 
1 

4 

8 
1 
1 
1 

3 

2 

1 

1 

1 

4 
2 

16 
5 
1 

4 

13 
1 
5 
1 

3 

2 

3 
1 

1 

21 
7 
1 
1 

3 

16 
4 

3 

10 

1 
1 

13 
2 

12 
1 
6 

14 
4 
6 

1 

5 1 

1 

78 
11 

312 
57 
61 
5 

West Asia and North Africa 
AfghanistanEgypt 

Iran 

Saudi ArabiaTurkey 

22 

4 

1 

22 

1 

2 2 

1 

1 

1 

1 

22 

3 

4 

22 

3 

2 

1 

1 

3 

2 

3 

2 

2 

1 

2 

4 

3 

22 

1 

2 

2 2 

2 

2 
52 
2220 

26> 

211 

Z 

Sub-Saharan
Cameroon Africa 

Ethiopia 
Liberia (WARDA) 
Nigeria - IITAb 

- NCRIC 
Senegal 
Sierra Leone 
South Africa 

1 
1 
2 
2 
1 
1 

1 

1 

2 
2 
1 
1 

1 

2 
2 
1 
1 

1 

3 
1 

4 

1 

2 

1 

2 

1 

3 
3 
1 

1 

1 

3 
3 
1 

1 

3 
3 
1 

1 

2 
3 
4 

1 
2 
4 

7 
3 

3 

6 
3 

3 

1 
6 

1 

4 

2 
5 

3 

3 

1 

1 
1 
4 
3 
1 

8 

3 
2 

6 
3 

1 
1 

3 
4 
1 

8 
3 

1 
1 
1 

2 
3 

5 

1 

1 7 
11 
83 
56 

11 
9 
21 

) 

Tanzania 
Uganda 
Zaire 

2 2 2 2 

2 

1 
1 
2 

2 1 
1 

1 
1 

2 
1 

2 
1 

2 

2 

1 

2 

2 1 2 1 2 
1 
6 

1 
1 

29 
6 
14 

50 
Z 

Continued on next page Cn 



Table 12 continued. 

Nurseries for different cultural typesa Screeninq for specific sx?sses 

YieldRegion/Country O0servational 

Z 0 Total 
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2
Bra7il 2 1 1 
 3 2 1
Chile 2 1 1
1 "4Colombia 1

2 2 2 2 2
Cuba 1
1 1 1 1 1
1 1 1 13
Dominican Republic 1 1 
 1
2 2 2 1 1 2
El Salvador 

9
Guatemala 1
 
12
 

Hondu as 1 1 1 1 1 6
Mexico 2 1 4 3 
 1 3 2 2 2 4 1 1
Panama 3 3 1 1 
 6 1
1 1 1 1 1
Peru 1 1 
 41
1 2 
 5
 
Europe 1 2 5
Hungary
 

Italy 

1 
 1
 

Papua New Guinea
 
Oceania 

Solomon Islands 1 1 

Total 90 85 1
66 64 43 31 
 47 87 82 69 70 54 47 51 47 29 
 18 79 85 31 
 25 118 57 24 45 34 
 52 16 4 1550


aIRYN-VE = International Rice Yield Nursery-Very Early, IRYN-E =tional Upland Rice Yield Nursery-Early, International Rice Yield Nursery-Early, IRYN-M =IURYN-M = International International Rice Yield Nursery-Medium, IURYN-EIRRSWYN.M Upland Rice Yield Nurse. ,-Medium, IRRSWYN-E = Interna= International Rice Rainfed Shallow Water = InternationalYield Nursery-Medium, Rice Rainfed Shallow Water Yield Nursery-Early,servational Nursery-Early, IRON-M IRON-VE = International Rice Observational Nursery-Very Early, IRON-E= International Rice Observational Nursery-Medium, IURON-E = International Rice Ob=Upland Rice Observational Nursery-Medium, IRRSWON-E 
Internationail Upland Rice Observational Nursery-Early, IURON-M= = InternationalWater Observational Nursery-Medium, 

International Rice Rainfed Shallow Water Observationa: Nursery-Early, IRRSWON-MIRDWON = International Rice Deep = International Rice Rainfed ShallowWater Observational Nursery, IFRONnational Tide-Prone Rice Observational Nursery, = In-_2rnational Floating Rice Observational Nursery, ITPRONIRCTN = Inte-national Rice Cold Tolerance Nursery, IRSATON = Inter-Nursery, ACID LOWLAND = International= Acid Lowland Soils Screening Set, ACID UPLAND = Rice Salinity and Alkalinity Tolerance ObservationalRice Bacterial Blight Nursery, IRTN = International 
Acid Upland Soils Screening Set, IRBN = International Rice Blast Nursery, IRBBN = InternationalRice Tungro Nursery, IRBPHN = InternationalPlanthopper Nursery, IRSBN = International Rice Stem 

Rice Brown Planthopper Nursery, IRWBPHN = InternationalBorer Nursery, IRUSS = International Rice WhitebackedRice Ufra Screening Set, IRSGON = International Rice Slender Grain ObservationalNursery. 
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Table 13. Origin and types of entries in the 1987 IRTP nurseries dispatched from IRRI. 

Sets Entries (no.) from 

Nursery dispatcsed(no.) Entries
(no.) National program IRRI 

Improved 
(no.) 

Traditional 
(no.) 

Improved 
(no.) 

Germplasm bank 
(no.) 

Yield 
Irrigated

IRYN-VE 
IRYN-E 
IRYN-M 

90 
85 
66 

24 
24 
24 

6 
10 
17 

0 
0 
0 

18 
14 
7 

0 
0 
0 

Rainfed Upland
IURYN-E 
IURYN-M 

64 
43 

19 
20 

16 
15 

0 
0 

3 
5 

0 
0 

Rainfed Lowland 
IRRSWYN-E 
IRRSWYN.M 

31 
47 

19 
18 

5 
5 

0 
0 

14 
13 

0 
0 

Observational 
Irrigated

IRON-VE 
IRON-E 
IRON-M 

87 
82 
69 

26 
61 
90 

7 
7 

73 

0 
0 
0 

19 
24 
17 

0 
0 
0 

Rainfed 
IURON-E 
IURON-M 
IRRSWON-E 
IRRSWON-M 
IRDWON 
IFRON 
ITPRON 

70 
54 
47 
51 
47 
29 
18 

31 
46 
14 
75 
73 
14 
29 

29 
29 
4 

48 
34 
12 
12 

2 
1 
0 
0 
0 
0 
0 

0 
15 
10 
27 
39 

2 
17 

0 
1 
0 
0 
0 
0 
0 

Stress screening 
Diseases 

IRBN 
IRBBN 
IRTN 

118 
57 
24 

109 
47 
62 

51 
30 
15 

0 
0 
0 

58 
74 
47 

0 
3 
0 

Insects 
IRBPHN 
IRWBPHN 
IRSBN 

45 
34 
52 

67 
29 
35 

22 
13 
12 

0 
0 
0 

42 
15 
22 

3 
1 
1 

Nematode 
RUSS 16 43 43 0 0 0 

Problem Soils 
IRSATON 
Acid Lowland 
Acid Upland 

85 
31 
25 

81 
78 
52 

19 
22 
21 

0 
0 
0 

62 
56 
29 

0 
0 
2 

Temperature
IRCTN 79 63 40 0 9 4 

Grain Quality
IRGQSSa 4 18 12 0 6 0 

Total 1550 1291 659 3 664 15 
aIRGQSS = International Rice Grain Quality Screening Set. 
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USE OF IR'P ENII FS 

National rice improvement programs continued 
using IRTP materials. One hundred thirty-six 
entries were used as donors in hybridization 
programs. Seventeen were selected for further yield 
testing: Chianung sen yu 20,I)R33, IR32419-81-2-
3-3, Lei Zhong 124, S8181B-10-2, Taichung sen yu 
223,135185 B-64-M R-2-2, IR32876-54-2-2, Suweon 
340, Suweon 341, 1R7732-RGA-B-A96-1, 

A 
"'"' 


Si 4i. 

: , 

i. IRII I)ccp% llcrMtorittorin~u Jour participants observing 
brcedcls plots in deepwatcr tanks in1lhtllra. ThaihMld, Octoher 
I987. 

HPU5010-PLP21-2..IB, IR13524-21-2-3-3-2-2,
IR3 1787-41-2-2-3-3, 1R32429-122-3-1-2, 1R39379
20-1-2-1-1, and Suweon 339. Nineteen were 
released as varieties in 2 Asian and 8 Latin 
American countries in 1987:6 in India (IR19728-9
3-2, BG367-4, IR21820-154-3-2-2-3, NC492, 
CN499-160-13-6, CN505-5-32-9), I in Vietnam 
(1R1820-210-2), 4 in Brazil (Taichung sen yu 195, 
P921-57-2-2-3-IB, P1035-5-6-1-1-IM, P1342-6-6
M-l-2M-3), 2 each in Boiivia (IR5853-118-5, 
PI364-4-16M-I-2M-4) and Panama (P 1381-I-8M
2-1B-,,.H4, P2062F4-17-33-I-RH i), and I each in 
Colombia (112231F4- 138-6-2-1-I B), Dominican 
Republic (IR2153-276-1-10-PR509), El Salvador 
(P1429-8-9M-21M-5), Guatemala (P1428-8-9M-
21M-5), and Mexico (P1035-5-6-1-1-1M-OHui). 

MONITORING VISITS AND PLANNING MEETINGS 

The 1987 monitoring tours and workshops 
organized by IRTP further strengthened the 
linkages among rice scientists with common 
interests in various aspects of varietal improvement
(Fig. I). The IRTP advisory committee, composed 
of rice scientists from selected countries, met at 
IRRI in March 1987 to review the progress and 
formulate the future plans of the program (Fig. 2). 

2. The IRTIP Advisor, Committee, composed of rice scientists from selected countries, met at IRRI in March 1987 to review progress
and formulate plans for the program. 

http:2-1B-,,.H4
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The following monitoring tours and workshops 1R101 IN AFRICA 
were organized in 1987. 

* l)rought monitoring tour in South and IRTP-Africa a joint program of IRRI, the Inter-Southeast Asia, 6-13 Sep national institute of Tropical Agriculture,* Deepwater rice monitoring tour, 10-25 Oct WARIDA, and African national programs- has• Rice ufra monitoring tour in Bangladesh and made remarkable progress since its establishment
India, 21-26 Sep in 1985. The program has identified 30 and 28* West African rice monitoring tour in Ivory varieties witi superior performance in irrigated
Coast, Gambia, Senegal, and Nigeria, 4- and upland ecologies, respectively. Two hundred13 Oct forty-four nursery sets were distributed to 27* IRTP-Africa rice workshop, 14-16 Oct African countries and 2countries in South America* Discussion panel on rice breeding for low in 1987 (Table 14). The promising entries from the 
temperature tolerance in Latin America, 6 Oct 1985-86 IRTP-Africa nurscries are listed

The observations and recommendations relative to Table 15. 
in 

these monitoring tours and workshops are pub- IRTP-East Africa continued its effort to evaluatelished separately. IRTP-Africa and global nurseries to identify 

Table 14. Distribution of 1987 IRTP-Africa nurseries a 

Sets (no.) 

CGuntry Upland Irrigated 

AT ON ,SS AT ON PSS 
Total 

Benin Republic 
Brazil 
Burkina.Faso 
Burundi 
Cameroon 

Colombia 
Congo Brazaville 
Ethiopia 
Gambia 
Ghana 

Guinea 
Guinea.Bissau 
Ivory Coast 
Kenya 
Liberia 

Malawi 
Mall 
Nigeria 
Rwanda 
Senegal 

Sierra Leone 
Somalia 
Sudan 
Tanzania 
Togo 

1 
-
1 
2 
2 

-
1 
1 
1 
2 

5 
1 
4 
2 
2 

1 
1 
6 
1 
2 

1 
1 
1 
3 
1 

1 
1 
1 
1 
3 

1 
1 
1 
1 
2 

2 
1 
4 
1 
2 

1 
1 
6 
1 
2 

1 
1 
1 
2 
1 

-

1 
-
1 
2 

1 
-
-
-
1 

1 
-
2 
-
2 

-
-
5 
1 
1 

-
-
-
1 
1 

1 
-
1 
3 
2 

-
1 
1 
1 
3 

4 
2 
1 
2 
3 

2 

15 
4 
3 

1 
1 
1 
5 
-

-

1 
1 
1 
1 
2 

1 
1 
1 

3 

1 
2 
1 
1 
3 

2 

9 
3 
3 

1 
1 
1 
5 

-
-
-
-
2 

-
-
-
-
1 

-
-
-
-
3 

1 
-
5 
3 
2 

-
-

-
1 
-

4 
3 
4 
8 

13 

2 
4 
4 
4 

12 

13 
6 

12 
6 

15 

7 
2 

46 
13 
13 

4 
4 
4 

17 
3 

Uganda 
Zaire 
Zambia 
Zimbabwe 

2 
2 
2 
1 

1 
1 
2 
1 

-
-
1 
-

1 
2 
1 

-
2 
1 

_ 
1 
-

3 
4 

10 
4 

Total 50 45 21 61 48 19 244 
aAT = advanced trial, ON observational nursery, PSS = preliminary screening set. 
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Table 15. Promising entries in Africa based on 1985-86 
IRTP-Africa trials. 

Nurserya Entries 

AIRAT ITA222, ITA212, BG400-1, BG90-2, 
ITA306, IR4422-98-3-6-1, ITA234 

AURAT IRAT104,IHAT156,IRAT170, IDSA6,IRAT161, iTA315, ITA307 

AIRN HPU741, IR 19670-263-3-2-2-1, ITA302, 
18447, ITA222, BW348-1, ITA231, 
Bouake 189, IR19743-25-2.2.3-1, IR54, 
ITA123, TOX960-42-1 

AURON 

AIRPSS 

IRAT109, ITAl16, ITA1 18, ITA130 

IR28118-138-2-3, RAJ2004-6-69-2.13, 
Taichung sen 10, 18453, 19934,IR3536-40--2-2distributed 

IR35366-40-3-2-2 

AURPSS 	 Farox 299, IRAT168, IRAT169, 
IR 14632-22-3, IR 17494-32-1-1-3-2, 
IR25924-51-2-3, 1rA216, TOX1768-3-1 
-1-101, Wabis 737,Wabis 786, Wabis 822, 
Wabsoka 

aAIRAT = African Irrigated Rice Advanced Trial, 

AURAT = African Upland Rice Advanced Trial, AIRON = 
African Irrigated Rice Observational Nursery, AURON 
African Upland Rice Observational Nursery, AIRPSS 
African Irrigated Rice Prtliminary Screening Set, 
AURPSS = African Upland Rice Preliminary ScreeningSe.Total 

Set. 

suitable varieties and breeding materials for the 
region. Many promising lines were identified in 
three countries in Eastern Africa (Table 16). 
Various nurseries were evaluated in Ifakara, 
Zanzibar, and Morogoro, Tanzania, in collabora-
tion with Tanzanian rice scientists. 

IRTP IN LATIN AMERICA AND THE CARIBBEAN 

In 1987, 76 sets of IRTP observational nurseries 
for Latin America were sent to requesting national 
programs in the region (Table 17). Additionally, 
115 sets of IRTP global nurseries were distributed 
to 13 Latin American countries. IRTP-Latin 
America observational nurseries consist of entries 
with tolerance for major biological or chemical 
stresses such as rice blast (BI) and Al toxicity. 
Twenty-nine percent of total entries were nomina-
ted by various national programs. 

An average of 18.4% of 1986 nursery entries 
were selected and advanced further by individual 
national programs in Latin America for yield trials 
during the first crop, and 9.4% during the second 
crop. Six lines, 4 for the first crop season in the 

Table 16. Promising lines in East Africa identified from 
IRTP nurseries. 

Country 

Ethiopia 

Tanzania 
Zarnbij 

Table 17. 
Tbe 

Germplasm 
groupa 

Entries 

IR21178-39-PI, 	 IR26933-16-2-3, IR3383
23-3-3-3, IR21567-9-2-2-3-1-3, IR21567
16-3, 1R9217-6-2-2-3, IR19083-22-2-2,Mahsuri, IR14497-15-2, RP1057-184-5-3-2 

Katrin (IET2397), 	 IR42, ITA283, BG400-1 
IR54, RNR36781, RTN500-5-1, IR19743
46-2-3-2, IR21071-53-2-3-2, RP1082
24-1-1-1 

RTP observational nurseries for Latin America 
in 1987.in 1987. 

First crop 

Lines Sets 
(no.) (no.) 

Tolerance for:
Bland LSc 
BI, LSc, HB, 

206 

86 
38 
13 

and sogatodes 
BI, LSc, and Al 
toxicity 

Earliness 

25 

-

8 

-
- 59 

Second crop Total b 

Lines Sets Lines Sets 
(no.) (no.) (no.) (no.) 

179 5 315 43
 
101 1 163 14 

25 1 25 9 

130 10 130 10
 
- 17 - 76 

aBI = leaf and 	neck blast, LSc = leafscald, HB = 
hoja 
blanca. bSome lineswere included inboth crops.
 

labia 18. Days to flowering and disease reactions of lines 
from the IRTP-Latin America Observational Nurseries 
selected for yield trials in 1986.a 

Designation Days to Diseas,3 reactionsc 

floweringbBlast 	 Neck Leaf Brown 

blast sca!d spot 

Tropical (first crop)
P3621F2-1-2-8-1B 104 3 1 3 3 
P3634F4-5-7 91 3 5 3 2P4382F3-17-6-1B 98 3 3 3 4P4725F2-16-7 95 1 1 3 2 

Temperate (second crop) 
P5601-12-1-5 93 5 5 3 8 
P4718F2-9-5-M-5P 95 5 5 3 
aLines selected in at least 50% of total evaluation sites. 
Sites consist of 14 tropical locations and 4 temperate 
locations. bMean number of days after seeding in loca
tions where lines were seiected. cSES scores in locations 
with highest disease pressure. 

tropical zone and 2 for the second crop season in 
the temperate zone, were selected in at least 50% of 
the testing sites (Table 18). 
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In 1987, tIhe Caribbean Rice Improvement international collaborative evaluation schemes 
Network focused on gernplasn evaluation and could be formulated. 
selection and distribution of promising lines to The virulence patterns of the rice ill populations 
cooperators in the region. Twenty-nine sets corn- at 24 testingsites in 14countries werecompared by
posed of' 189 promising lines were distributed to multivariate analysis of the 1985 IRIN. Four
different countries in the Caribbean region maor patterns were recognized (Table 2). [he 
(Table 19). Also, 214 of 910 entries Irom IRIPT- first two patterns, I and 1I,have a narrow rnge of 
global and Centro Internacional de Agricultura virulence against a total of 220 entries. These 
Iropical nurseries were selected for niultilocation patterns were observed in East Asia, Nepal, and 
eviluation based on preliminary evaluation in Italy, wherejaponica or indica/.japonica derivative 
.1unia, Dominican Republic. These will bedistribu- cultivars are grown (Fig. 3). Piattcrns III and IV,
ted in 1988. whose spectra are widct than those of I or II,weie 

observed ill South and Southeast Asia and in Latin 
(;I ()(iR \1'II( AlI V,\\II\ I I(ON ). I(i (IRI 'l FN(I America, where indicas or upland jiponicas arc the 

I.\I I.RNSN Wt IIII RIt IRI.lS I [.(i It . predolinant culivars. Although a close associa
tion between virulence pattern aintf geographical

Stablltx of host resistance gainst diverse Ill proxililty call be recogniied, similarity ol'virtilence
pathogens is a iajor component for durability of a pattein at geographically distant tesing sites was 
varicly undei 1I-prone environments. IRIIN is a also observed. [his indicates that Cultivars grown
Convenient miedinm to evaluate a set of diverse al those sites Imay have a comllnon genetic
genotypes and improved breeding lines against background in relation to lI resistance.
 
diverse 1Il populations under different environ
nlents. Characterization and monitoring 
of the FI -SPJ)( S( FFNING FOR Al)V[RSF SOILS
 
virulence pattern of the BI populations globally can 1()I.IRANCI IN 1ILOIO, P'tlIILIPINIS
 
generate inl'ormation with which more efficient
 

Acid upland soils. In acid upland soils in talabag, 
Table 19. Observational nurseries dispatched from the San Dionisio, Iloilo, 3() upland rices were screened 
Caribbean Rice Improvement Network in 1987. for tolerance f'or drought, rice 1I, and overall 

adverse soil and climatic conditions. Of the 
Nurserya EntriesoCountrySgets 	 pronlisingentries, 28 were included in IURYN and(no.) Ino.) onr 

the acid upland screening set of IRTP for multi-
Irrigated - Disease 4 Fe- 65 9 All coopriating location testing: Cl 158-7, CR 138-1040, FAROX

toxicity tolerance countries 299, IR12974-24-1, IR13146-45-2-3, IR1514A-
Irrigated . Low 21 2 Cuba, Doti- E666, IR21018-97-1, IR26950-123-5, IR26957-45

temperature tolerance nican Republic I, IR29723-17-3-2-1, IR43, IR47686-12-5-B-I, 
Irrigated - Salinit 14 8 All cooperating

tolerance countries IR47686-30-2-I, IR4769 1-17-I-B, I R47698-4-3-I,
 
except Belize IR47699-27-1-1, IR8073-65-6-1, I1(9171-60-2-2,
 

Rainfed -Shallow 41 4 Jamaica, IR9217-58-2-2, IRAT170, ITA239, KM 134, M55,
deepwater 	 Dominican NDR 117, P1356-1-3M-2-1 B, PI 386-2-6M-5-1 B, 
Rep., Trinidad RP1I 158-85-1, and TOX718-1-24. All these entries 
and Tobagoapladoba 

Upland - Moderately 47 6 Belize,Guyana, 
have drought tolerance scores of 4-5 and pheho

favorable 	 Haiti, Domai- typic acceptability ratings of 4-5. 
nican Republic, Inland toxic and phosphorus-deficient soils.
Trinidad About 480 rices were evaluated for their tolerance 

Total 188 29 for acid soil conditions having Fe toxicity, P 
aFormed according to the ecosystems present in the deficiency, and low pH in San I)ionisio, Iloik;. The 
region and needs of cooperators. bCooperating countries: soils used have properties similar to those used inBelize, Cuba, Dominican Republic, Guyana, I aiti, Jamai- mass screening. Of the 75 promising lines from this 
ca, Trinidad and Tobago, and Surinam. Two sets of each 
nursery were sent to Trinidad and Tobago. Other coun- site, 29 entries were nominated for inclusion in the
tries received one set each. acid lowland and IRON screening sets olI RTP for 
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Table 20. Major virulence patterns and average percentage of entries showing compatible reaction. 

aVarietal group
 
Pattern 1 2A 
 2B 3A 38 4 5A 5B 6A 6B 7 

(7) (23) (13) (12) (30) (30) 
 (26) (26) (28) (13) (18)
 

1 10 0.9 1.5 1.7 7.3 2.7 2.3 2.3 14.3 18.5 61.5
II 8.3 2.9 0 5.6 20.0 7.8 12.8 36.6 74.4 62.8 84.6
11 0 48.9 57.7 89.6 46.7 63.3 48.1 73.3 41.1 48.1 88.5IV 33.3 	 46.4 60.7 52.8 77.0 93.0 93.6 95.7 93.2 84.6 98.3 

aVarietal grouping is based on Ward's cluster analysis of leaf BI reaction at 24 testing sites of the 1985 IRBN. Numbers in 
parentheses are total number of entries classified as a varietal group. 

Geovirulence 
pattern 

Pattern I Pattern III 
1.Suweon, Korea 12. Bangkhen, Thailando II ,'1 2. Parwanipur, Nepal 13. Bhur, Bhulan 

V 4 3. Mortara, Ilaly' 14. Yezin, Burma 
4. Icheon, Korea 15. Fuzhou, China 

IV 	 sO 5.Kankal,Nepal
110 Pattern II Pattern IV 
15 6.Milyang, Korea 16. Bumbong Lima, Malaysia 

2 21 227 7. Chia-Yi, China 17. Los Baflos, Philippines20OVt -- Korea0 07 	 8. Iri, 18.Goiania, Brazil'523 0 9 Kuan Gut, Thailand 19. Villavicencio, Colombia*
14 10. Guangzhou, China 20. Almora, India2 	 11. Hangzhou, China 21. Shillong, India 

6P 22. Changsha, China 
9 Notshowninthemap 23. Joydebpur, Bangladesh

16 24. Lonavala, India 

3. Classification ofgtovirulence patterns of 24 test locations based on Ward's cluster analysis of leaf BI reaction. * not shown on the 
map. 

multilocation testing: B41960-MR-52-1-5, 84459- testing sites for saline and acid sulfate soil con
H-MR-32-3-1, BR51-282-8-l, BRC16-127-4-1, ditions. Thirty rice varieties that obtained a score
 
BW288-1-3-52-1-5, IR13610-72-2-2E-P2, 1R25912-
 of 4 or better at both sites were nominated for 
63-2-2, 1R2674-246-1-1, 1R27325-27-3-3, IR28179- inclusion in the IRSATON and acid lowland 
67-2-1-1, 1R28179-80-3-3-2, IR2821 1-43-1-1-1-2, screening sets of IRTP for multilocation testing:
IR28228-12-3-1-1-2, 1R29668-34-1-1-2, IR29706- IR18152-CN-7-1 3-3, 1R29337-36-3, IR33219-67
94-1-3-2, IR29723-143-3-2-1, IR29723-88-2-3-3, 33-1, IR33360-5-1-3-1, BRC16-127-4-1, CR1022,
IR31787-85-3-3-3-2, IR31836-42-1-3-2, IR31917- IR17491-5-4-3-3-PI, IR21037-37-2-1-2E-P2,
45-3-2-2, IR32307-107-3-2-2, IR32429-115-3-2-6, IR33238-25-2-3-2, IR3338 -66-1-2-2, 1R3646-9-l-1, 
IR32453-20-3-2-2, IR32727-138-2-1-1-2, IR34583- IR4432-28-5, IR4744-295-2-2, IR5853-196-1-PI,
75-1, IR35293-178-2-3-1, IR4414F-MR-6-1, R1!4-2-1-1-1, BKNFR780-22-44-506-H3, 
P2025F4-159-3-1 B, and R P1045-25-2-1. All these IR21033-58-1-1-2-1-3, IR33535-1-9-3-2- 1,1R2135
lines have vegetative vigor ratings of 2-4 and 42-3-1-2-2, IR31432-5-4, IR21738-44-1-2-1-3,
phenotypic acceptability scores of 2-4. 1R33306-150-9-2-2-23, IR2609-5-3-3-1-3-3-1, 

Saline and acid sulfate soils. We characterized 1R3313-8-9-3-2-3-3, IR33138-39-1-2-2-3-1, IR3360
300 rice entries at 2 sites in farmers' fields in 5-1-3-2-1-2, 1R33477-753-1-3-3-1, 1R33477-37-3-2-
Lanjagan and Pili, Ajuy, Iloilo, used as hot-spot 2-1-3, IR26940-20-3-3-3-2-2-I, and TCA80-4. 
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NITROGEN FERlItIZER EFFICIENCY TRIAL 

IN IRRIGATI) RICF 


Agronomt Dep)aritnent 

The seventh N fertilizer efficiency trial of the 
International Network on Soil Fertility and 
Fertilizer Evaluation for Rice (INSFFER) was 
conducted at IRRI in the 1987 dry season (DS)and 
wet season (WS). In both seasons, no fertilizer 
source-rate interaction was significant. 

in I)S, N incrcased yields significantly. Urea 
supcrg, anules (USG) gave significantly higher
yields than did prilled urea (PU) applied either as 
modified researchers' split (RS) (2,/ 3 broadcast and 
incorporated jl&Ij with standing water t 	 1/3 
topdrcssed at 5-7 d before panicle initiation 
[DBPIJ, or as standard RS (2/3 B&I onto nlud 
without standing waler + I/3 topdresscd at 5-7 
1)HPI) (Table I). However, PU applied as standard 
RS yielded significantly higher than modified RS. 
No significant yield differences were observed in 
WS. 


INTERNAIONA IRIAIS 

Agronomyr Departuent 

Seventy-five INSFFER trials were conducted in 

1986 at 41 sites in 9 countries. Of these, 35 trials 

were on N fertilizer efficiency (24 in irrigated 

lowland and 6 in rainfed lowland); 17 were long-

term fertility trials in irrigated rice; 12 compared 

hand- and machine-applied N fertilizers in irri-

gated rice; II were on the integrated use of 
inorganic and organic N fertilizers in irrigated rice; 
and 5 concerned soil fertility management of acid 
upland soils for rice (3 for soils with pH <5 and 2 
for soils with pH 5-7). 

in 1987, 180 sets of fertilizer materials and 
fieldbooks were sent to 58 collaborators in 12 
participating countries. Eight collaborative re-
,:'arch trials were conducted, as follows: 

• Seventh N fertili/er efficiency trial in irrigated 
lowland rice (formtulated and implemented inl 
1987): 

* 	Fourth N fertilizer efficiency trial in rainfed 
lowland rice (1987); 

* Second hand- vs niachine-applied N fertilizer 
trial in irrigated lowland rice (1987); 

Table 1. Effect of N source and N fertilizer application 
rate and method on IR64 yield. Seventh trial on N fertili
zer efficiency in irrigated rice, INSFFER,RRI 1987 DS. 

Grain 
Treatmerlta yield 

(t/ha) 
No fertilizer N 3.1 
Source and application method 

modified RSPUPU standard RS 	 5.9 c
6.4 b

USG 6.8 a 
N rate29(kg/ha)

58 5.3 c 
87 6.3 b 

145 6.7 b 
203 7.2 a 

ape = prilled urea, RS researchers' split, USG = urei 
supergranules. PU modified RS = 2/3 broadcast and incorporated (B&1) with standing water + 1/3 topdressed at5-7 d before panicle initiation (DBPI). PU standard RS = 
2/3 B&I without standing water + 1/3 topdressed at 5-7 
DBPI. 

0 First long-term fertility trial in irrigated low
land rice (1976);

0 Second integrated use of inorganic and 
organic N fertilizers in irrigated lowland rice 
(1987); 

0 First integrated usc of inorganic and organic 
N fertili/ers in rainfed lowland rice (1987); 

0 	Second soil fertility management of acid 
upland soils for rice (1987) 
a) for soils with pH <5.0 (a 1)X lime inter

action trial) 
b) for soils with pH 5-7 (essentially a long

term trial using a minus-one element 
design). 

The Nefficiency trials are basically maintenance 
research to defend or further improve present yield
gains. The long-term fertility trials essentially look 
into the long-term effects of fertilizer management 
and intensive cropping on soil physical and 
chemical properties, as well as the issue of whether 
current yield levels can be maintained. Studies on 
the integrated use of inorganic and organic N 
sources in lowland rice focus on1 the sUstainability 
of rice prod uction; maintenance and enhancement 
of the environment, particularly the soil; and social 
and eq uity issues that arise with the adoption of 
intensive rice-based cropping systems. 



Nitrogen fertilizer efficiency trials. Irrigamdrice. than PU local BS during DS (Fig. I), and 53 and 
In the sixth international trial on N fert lizer 51% less N were required if applied as SCU B&I 
efficiency in irrigated lowland rice, 24 trials were and USG DP!, respectively, during WS (Fig. 2). 
conducted in 1986 at 18 sites in 7 countries, Raiti/fd lowland rice. In the third international 
bringing tile total number of trials conducted since trial on N fertiliier efficiency in rainfed lowland 
1984 to 56, the sites to 35, and the participating rice, 56 trials were conducted at 34 sites in 10 
countries to 9. l'orty-nine oft he 56 trials showed a cotntlries from 1981 to 1986. [he average grain 
significant mean response to N. Average grain 
\iClds fromh al! responsive trials showed that 
icsponses of I i Ltated w uad rice to B&I suIffr- 1',eld increoci(/h) 

coated dIca (SC ) and to deep-placed (I)1) IS(i AcuBBI."PUB5of 5 DS Ilsl U Po>rPu sA ' of 5 DS |nls 

\ycre itlenrti.1al tid higher hanIII responses to local IE: 43% E-,43% 

best split (115iand standard BS lPtJ , W hich were 20 tVsc,,&OO47?N 2 dY O413N-00IN

eq i ll e 'e all N rates in seasons. 0024'-000023N'
 

Yields in )S were higher than those in WS. In both 15 

seasons, inercasine tie N level increased yield.
 
IHlowever, a maxinitom vicld increment of0.5 t/ ha
 

Cffleet i~ a hothl 

10---------- 0000t76N' -- Ypj-OO234Nwas obtained betwcen low and mediun N rates. I /I I I I -0000N' 

Regression ana'vsis u:;ing the multifertilizer I, 

response model (MI RM) and the fertilizer test 05 I I II I,,,,
mnlodel (FITM) showed that SCtt B&I was superior i 
to P( I local I11in 47"1 of ie N-responsive irrigatd 0 lI I 
lo\land rice trials. IJS(; DI) to PIJ local 13S in 49%, 0 29 58 87 0 29 58 87 

Nrote (kg/ho)of the trials, and lPII standard 115 to IU local 115 ill 
I. Estimated averge yield responses of irrigated lowland rice to

71 1o tihe trials (lable 2). TIhe estimated average sull tr-coated urea (C,S(') broadcast and incorporated (B&I), 
yield responses to S(I] &, I1 ( Pl, and 1LU urea supergranules (US(i) deep-placed (DlI), and prilled urea 
local 1S showed tliat. for an initial yield increase of (PllJ) (local best split IIBSf) in trials where yield responses to the 

test lcrtii/crs were significantly greater than PIU. Sixth inter-I t hIa oer Cout roi, .3 less N was required if N national trial on N tertilier efficiency in irrigated lowland rice, 
were applied as 5(1 B&I and IUS [I) rather INS:IER., 1984-86 )S. 

Table 2. Trials in 9 countries by response category when SCU B&I, USG DP, and PU standard BS were compared separate
ly with PU local BS. Sixth international trial on N fertilizer efficiency in irrigated lowland rice, INSFFER, 1984-86. 

Trials (no.) 

a 
Country Response category 

....- Total 

SCU > PU USG > PU PU standard BS > 
local BS local BS PU local BS 

Btlolrna 1 1 0 2 
Caieloons 1 1 0 5 
China 1 1 0 5 
Cuba 0 0 0 3 
India 9 8 1 21 
Nepal 0 0 0 2 
Pakistan 1 0 0 5 
Philippines 4 5 0 6 
Vietnam 4 4 2 7 

Total 21 (48) 20 (45) 3 (7) 56 

aFertiliier testirnl model (FTM) linear differential estimate of quadratic function was used to classify individual trials into 
response cate!gories. Values in parentheses arg percentages of the 44 trials where positive N response was obtained. 
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Yield increase (t/ha) Table 3. Trials in 10 countries by response category when 
25 - s SCU B&I and USG DF were compared separately with PUAvof16WS trials --- Avof 17WStrilos BS. Third international trial oniE53% IE:51% N fertilizer efficiency inrainfed lowland rice, INSFFER, 1984-86. 

2 0 YscuOO,42N A 00 OO53.a 
 Trials (no.)

-000032N 2 

-0O00:O'AN
 

. u-
2 
N AirOO2491N 

2 
Country Response category

15 -000002N 15 9'OOON-00004112-0008N'Total 
SCU > PU USG > PU No response 

10 ..... ... 
 Bangladesh 2 0 0 4

/ Burma 2 02 5
Cuba 0 0 0 1O 5 India 8I I 6 1 27I I Indonesia 1 1 0 3 

2? 4T 23 4? Nigeria 0 0 1 1L- I I Philippines 3 5 1 100U 29 58 87 0 29 58 87 SriLanka 2 1 0 2 
N rote (kg/ho) rhailand 1 1 0 2 

2. Estimated average yield responses of irrigated lowland rice to Vietnam 0 1 0 1SCU B&L, USG DP.and P1) local BS in trials where responses Total 19 (36) 19 (36)
ti the test fertiliiers were significantly greater than to PU. Sixth 

3 56 

inte rational trial on N fertilizer efficiency in irrigated lowland aFTM linear differential estimate of quadratic functionrice, INSFFER, 1984-86 WS. was used to classify individual trials into response cate
gories. Values in parentheses are percentages of the 53 
trials where positive N response was obtained. 

yield from 51 N-responsive rainfed lowland trials
 
showed that SCU B&!and USG DP3 wtire superior Yield increase (t/ho)
 
to PUBS at all N rates. 
 25- scu Bi>ps USGP>PU es
 

MRM and FI-M analysis Avof 19 ialOs Avof 19trials
showed that yield /E:53% IE-61% 
responses to SCU B&I and USG D P were 20 -Amoo005 -,Y s-001IN 
significantly greater than yield responses to PU BS -OM0o35sN 
 -000029N 
in36% of the responsive trials (Table 3). An initial -/t74A-

yield increase of I t/ha over control required 53% 15 A 

000001N' 

less N if it were applied as SCU, and 61% less if
 
applied as USG (Fig. 3). 
 10- ........
 

Hand- and machinte-applied N fertilizers. In 0 0-ooooo'N
 

1986, 12 trials comparing hand- and machine- °
 
applied N fertilizers in irrigated lowland rice were 

05

conducted at 8 sites in 5 countries, bringing the 5 3 23 59 
total number of trials conducted since 1984 to 27, 000 t i 8 2 5 829 58 13700 29 58 87the sites to 21, and the participating countries to I. Nre g/ho)
rwenty-one of the 27 trials were N-responsive; 9 3.Es imated average yield responses of rainfed lowland rice to
of these were conducted in WS and 12 in DS. SC't ll&I. tSG DP,and PU BS ill trials where responses to the 

Average yield increases over control among the test fertili/ers were significantly greater than to Pti. Third 
responsive trials ranged from 0.6 to 1.7 t/ ha during international trial on N fertilier elficiency inr:iinfed lowlandrice, INSFFI-R. 1981-86. 
WS (Fig. 4) and from 1.0 to 2.3 t/ha during DS 
(Fig. 5). Machine-applied N fertilizers produced
yields comparable to those with conventional Integrated ise of inorganic and organic N
farmers'and researchers'split applications at 58 kg fertilizers. In 1986, 36 trials were conducted at 13
N/ha. At higher N rates, however, machine- sites in 5 cot,tries to evaluate the effectiveness of
applied N performed less effectively. Among the inorganic N fertilizers applied alone or in conbina
methods tested, deep plac"ement of USG by hand tion with biofertilizers such as azolla, green
remains the most effectivc for increasing N fer- manure, and fresh straw; and to determine their
tilizer use efficiency in irripated lowland rice. long-term effects on soil fertility. 



Av yield increase (I/ho) over control 
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4. Siniulicatt yield responses of rice to 11L and USG with 
dillerent ielhods of applicalion at 2 N rates tested in 9 N-
responsie trials in8 countries during WS. First internatiouad 
trial on the comparison of hand- and machine-applied N 
tertili/ers in lowland rice, INSFFER, 1984-86. 

/'v yield ncrPose (t/he0)over control 

--...
kgN/So 
87 kg:N/ha 

{v 


I _ _ IPU {I-[-- USG- '--- ____ , 

0 

41 
T-


5. Signiticant yield responses of rice to PU and USG with 
different methods of application at 2 N rates tested in 12 N-
responsive trials in 7 countries during DS.First international 
trial on the comparison of hand- and machine-applied N 
1ertili,'ers in lowland rice, 1984-86,INSFFER. 

A significant response to N was observed at all 
sites. Averagi: responses across 74 sites where 
azolla and rice straw were used as organic N 
sources showed that inorganic N as either PU BS 
or USG D11 combined with azolla or fresh straw 
produced yields comparable to those with in-
organic sources alone (Table 4). However, ,athree 
sites in India and one site each in China, Nepal, and 
the Philippines, azolla combined with eithier PU or 
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Table 4. Average yield increases of irrigated lowland rice 
with application of PU or USG alone or in combination 
with azolla or straw at 2 N rates. First international trial 
on integrated use of inorganic and organic N fertilizers in 
irrigated lowland rice, INSFFER, 1984-86. 

Yield increaseb (t/ha) 
T reatmenta 

58kgN 87kgN 

PU 1.2 1.7PU + azo lla 1.3 1 .9 
+ straw 1.1 1.7 

LSG 1.5 2.2 
USG + azolla 1.6 2.3 
USG + straw 1.3 1.9 
a
 
Fo combinations, organic N was fixed at 29 kg N/ha. 

bThe control (no fertilizer) yielded 3.3 t/ha. Yield in
creases over control are the average of 29 trials conducted 
at 11 sites in 4 countries. 

USG produced yields higher than inorganic N 
alone. Moreover, PU or USG combined with 
azolla gave higher yields than PU or USG with 
fresh straw at 9 sites in 4 countries. This may be 
attributed to higher N immobilization when an 
organic source with wide C:N, such as straw, is 
c(rmhned with inor-ganic N.At all sites, USG alone 
Sorcomhind with azolla or straw produced better 
yields than treatments involving PU. 

Long-term fertility trial in irrigated rice. Ten 
sites in f,ur countries were still conducting this trial 
as of 1986. These include three sites each in China 
and Indonesia, and two each in India and thePhilippines. In Ind ,esia, in Lanrang and Suka

mandi,°whiloinarestNPK ave highest yield,al the 
whl nMrswPKadNaoeere opr
able, especially during DS (Fig. 6, 7). N remains the 

major limiting nutrient; P and K are effective only 
when combined with N. Yield responses from NPK 
+ Zn in Lanrang and Maros trials were com
parable to those with NPK alone. A long-term trial 
was recently initiated in Cicurung, Sukabumi. 

In the Philippines, results of 21 croppings in 
Luisiana and 20 croppings in Tanay since 1976 
showed that N continues to be the limiting nutrient 
(Fig. 8, 9). Eighty-five percent of all trials at both 
sites showed significant responses to N alone, while 
NPK consistentlygave a 100%significant response. 
A gradually declining trend in grain yield was 
observed at both sites. 

Eight trials in Shipai and 7 trials each in Qingpu 
County and Guanshanping, China, have been 
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1976 '78 '80 '82 '84 '86 1976 '78 '80 '82 '84 'r,; 
-yield trends during wet and dry seasons over 12 yr of 

continous trials in Lanrng, Indonesia. First international 
long-term fertility trial in irrigated rice. INSfFFER, 1976-87. 
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Dry season M s Wet season 
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'78 '80 '82 '84 '86 1976 '78 '80 '82 '84 '86 
Grain yield ttends during wet and dry seasons over 10yr of 

continuous trials in Luisiana, Philippines. First international 
long-term fertility trial in irrigated rice. INSFFER, 1976-86. 
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2 , ontrol '78 '80 '82 '84 '86 1976 '78 '80 '82 '84 '86L1976 
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2 -Soil 

01 _j1 
1977 '79 '81 '83 '85 '87 1977'79 '81 '83 '835'87 

7. (irain yield trends during wet and dry seasons over i I yr of' 
continuous trials in Maros, Indonesia. First international long-
tertn fertility trial in irrigated rice. INSFEFER, 1977-87. 

9. 6Grain yield trends dttring wet and dIrv seasons over 10) yr of'
continuous trialIs in Janay, Philippines. First inturtational 
long-term fertility trial in irrigated rice. INSFFER, 1976-86. 

conducted since 1983. In genera!, N, alone or 
combined with P and K, gave significant yield 
increases, especially during DS. N is the major 

limiting nutrient, P and K are effective only when 
combined with N. 

Kanpur and Pantnagai, Inuia, N is also the 

and K applications seem to hlave no effect on yield. 

friiymngmn fai padsis 
pH <5. Interaction between 3 P1sources---triple 
superphosphiate (TSP), Christmas Island phos
pliate rock (Cl PR), and fused magnesiumn phos
phate (FM IP) - and litne, and its effect on rice yield 
were tested in 5 WS trials at 3 sites (with pH 



_______________________________ 

ranging from 4. I to 4.6) in the Philippines from 
1984 to 1986. 

The average response from 5 trials showed a 
stepwise increase in grain yield with increasing TSP 
level (Fig. 10). TSP was more effective with lime 
than without, although yields were lower at highert aSite 
rates of lime. Without lime, TSP gave higher yields 
than the less soluble CIPR and FMP. The results 
indicate that both P and lime are essential in 
increasing rice yields in highly acidic upland soils. 
pll 5-7. In response to the need to study and 

develop more relevant soil fertility management 


practices for upland rice grown on moderately acid 
soils, we initiated in 1984 a long-term trial that 
monitors changes in soil physical and chemical 
properties upon Continuous fertilizer application 
and intensive croppini. Six sets of experimental
materials were sent to two collaborators in two 
countries in 1986. Six trials have been conducted at 
2 adjacent sites with pH 5.7 on the IRRI upland 
farm since 1985. Site I was planted to a rice 
lcgutme (cowpCa) cropping pattern and site 2 to a 
rice - cereal (sorghum) pattern. 

Results of the trials showed that yields of upland 
rice from treatments involving N were not sig-
nificantly different from each other but were 
significantly different from PKS and the control, 
which had similar yields (Table 5). Apparently, N 
remained the only limiting nutrient after five 

Av yield increase (t/ho) over control 
12--

Contolyeld0 9 I/hc 
P rlae(kg/ha) 

9 53
 
08- 1 
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Table 5. Yields of 8 treatments tested at 2 adjacent sites 
in the first international trial on soil fertility management
of acid upland rice soils (pH 5-7), INSFFER, 1985-87. 

Grain yield (t/ha) 
b 

Treatment Ricea Ccwpea Sorghumb 
1) (Site 2)

Site 1 Site 2 

NPKS 2.7 2.7 0.9 2.8PKS 2.4 2.2 0.9 2.7 
NKS 2.7 2.7 0.9 2.6 
NPS 2.9 2.7 1.0 2.9
 
NPK 2.9 2.9 0.9 3.1
Control 2.3 2.5 0.8 3.0 
Control 2.1 0.91.9 3.0
 
Control 2.2 2.1 1.0 2.8
 
aAv of 3 WS trials. bAv of 2 DS trials. 

continuous croppings at each site. Different treat
ments on rice had no significant effect on the yields 
of cowpea or sorghum. 

ECONOMIC EVALUATION OF DEEP-PLACEMENT
 
FERTII.IZER APPLICATORS
 
Agriculttral Economics, Agronom', and Training 
and Technology TransJi'r Deparinents 

The overall objective of the study was to compare 
the economic performance of deep-placement 

Triple superphospnote 

0-l-7 --'i----- -1 5 

Lime applied (f/ho) 

10. Average %lield response of' rice in 5 trials conducted at 3 acid upland sites I in C'aliraya and 2 in Claveria,
Philippines durinrg 184-86 DS5. First international trial on soil fertility management ol acid upland soils (pH<5) for
rice. INSIFEFR. 1984-86. FMP = fused magnesium phosphate, CIPR = Christmas Island phosphate rock. 
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applicators and hand placement of USG with the 
recommended RS method using PU. Machines 
evaluated were the spring auger, oscillating plunger 
and plunger-auger for PU. and the press wedge for 
USG. Information was drawn from several field 
trials conducted in the Philippines by IRRI 
scientists, and from the multicountry fertilizer 
trials conducted by INSFFER. 

Comparative costs of deep-placement appli-
cators. The fixed and variable costs of each of the 
fertilizer applicators are presented in Table 6. The 
lowest fixed cost was $30,' yr. This means if rice sells 
at $194.40/t, the minimum incremental yield from 
the machine for the total cropped area must be 154 
kg to cover all fixed costs. 

The machines require about 20 hto fertilize I ha, 
compared with 8 h using hand broadcasting. The 
additional labor, valued at $2.52, need. ' be offset 
by an additional yield of 13 kgiha. 

Shifting from manual to mechanical fertilizer 
application would require an incremental yield 
sufficient to cover the fixed cost and the vdditional 
variable cost. At $194.40/t of rice, the minimum 
yield advantage from using the machine should be 
167 kg/ha for a monocropped I-ha farm, i80 
kg/ha for a double-cropped I-ha farm, or 206 
kg/ha for a double-cropped 2-ha farm. 

Net benefits from manual and mechanical 
fertilizer application. Economic comparison of 
maiual and mechanical fcrtilizer application was 
done using the net benefit criterion, 

Net benefits = Total revenue - total cost 
=YN-PN.S.I/(l+r)"-P,.X,.(I+r)"-K/A 

where: YN = yield at N level (t/ha), 
Py price of rice ($/t), 

S= pric e of the hSrt), 
S = farmer's share of the harvest (%), 
r = interest rate per month (%),n = length of the growing period (mo), 

Pi = price of inputs (N and labor), 
quantity of inputs (kg for N, h for 
labor), 

K fixed cost for machine use ($/yr), and 
A cropped area (ha). 

The four sets of field trials generated different 
yield results for each location, season, and fertilizer 
level. Yields from fields using machine applicators 
varied greatly, and on the average were nearly 
equal to those of the recommended RS. Fields that 
used machine applicators did not consistently give 
statistically high yields. Only hand placement of 
USG consistently produced superior yields. The 
high degree of variability obtained from many 
locations, several seasons, and a range of equip
ment can be attributed to both site-related factors 
and the vintage of the machine designs. 

The net benefits from the use of machine 
applicators and hand placement of USG as com
pared with those from RS were either very low or 
negative. There was an equal number of cases 
where machine application produced lower as well 
as higher net benefits than RS at equal fertilizer 

Table 6. Comparative costs of 4 fertilizer placement machines (19R5). 

Item 


Machine cost ($) 

Machine life (yr) 

Repair and maintenance cost 


(% of machine cost) 
Salvage value (%) 
Interest %) 
Capacity (h/ha) 
Wage ($/h) 
Fixed cost ($/yr): 

Depreciation 
Repairs and maintenance 
Interest 

Total 
Variable cost ($/ha) 

Press 
wedge 

Spring 
auger 

Oscillating 
plunger 

Plunger
auger 

66.67 83.33 66.67 66.67 
4 4 4 4 
5 5 5 5 

0 0 0 0 
30 30 30 30 
20 18 20 20 

0.21 0.21 0.21 0.21 

16.67 20.83 16.67 16.67 
3.33 4.17 3.33 3.33 

10.00 12.50 10.00 10.00 

30.00 37.50 30.00 30.00 
4.20 3.78 4.20 4.20 
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Table 7. Summary of net benefits relative to researchers' split for INSFFER, TTTD, and IRRI-MRRTC trials, 1983-85. 

Field trials Season 
Researchers' 

split 
Hand 

placement 
Net benefits for machine plac

ment relative to researchers' split 
Total 
cases 

(no.) (no.) Higher (no.) Lower (no.) (no.) 

INSFFER Wet 12 12 11 13 48 
Dry 18 18 21 15 72 
Total 30 30 32 28 120 

TTTD Wet 21 15 17 25 78 
Dry 21 21 13 4 59 
Total 42 36 30 29 137 

IRRI-MRRTC Wet 6 6 4 2 31 
Dry 7 6 - 3 27 
Total 13 12 4 5 58 

levels (Table 7). The evidence suggests that the International Fertilizer Development Center, 
machine applicators are not yet practical alter- the Commonwealth Scientific and Industrial 
natives to recommended manual methods such as Research Organization, and IRRI joined the tour. 
RS. There is clearly a need to improve machine The group visited and observed soil fertility and 
designs for better performance, increased effi- fertilizer trials at five experiment stations in India. 
ciency, and reduced costs to enhance farmer They also visited several villages to observe rice 
acceptability. Finally, at current prces for fer- farmers' fertilization and cultural practices. 
tilizer, rice. and unskilled farm labor, it isdoubtful A 4-d planning meeting and workshop with the 
that deep-placement fertilizer applicators will be theme "Nutrient Management in Rice-Based 
widely adopted insmall-scale lowland rice produc- Cropping Systems," attended by 59 participants, 
tion. was held in New Delhi after the tour. Twenty-seven 

papers dealing with rice-based cropping systems 
and nutrient management practices in different 

SITE VISIT TOUR, WORKSHOP, AND regions in India as well as in some of the INSFFER 
PLANNING MEETING participating countries were presented. During the 
Agronomvy Department meeting, the participants ratified the change in the 

network's name from INSFFER to International 
An INSFFER site visit tour, workshop, and Network on Soil Fertility and Sustainable Rice 
planning meeting organized jointly by the Indian Farming (INSU RF). The network will focusonthe 
Council for Agricultural Research and IRRI was issues of sustainability, equity, and environmental 
held in India, 21 Sep-I Oct 1987. Twenty-one quality. The Advisory Committee for 'he INSURF 
participants representing II national programs, program was reconstituted. 
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In the Asian Rice Farming Systems Network 
(ARFSN), scientists from IRRI and 16 nations 
work together to increase food production by 
identifying more productive rice-based farming 
systems. Countries collaborating are Bangladesh, 
Bhutan, Burma, China including Taiwan, India, 
Indonesia, Korea, Madagascar, Malaysia, Nepal, 
Pakistan, Philippines, Sri Lanka, Thailand, and 
Vietnam. The Network's methodology for on-farm 
research is used in all countries, 

The manydisciplines and commodities involved 
in rice farming require coordinated research at the 
national, regional, and local levels. Countries vary 
in their level of research coordination. A national 
coordinator or leader represents the country in the 
Asian Rice Farming Systems Working Group, 
which meets annually. 

In addition to doing farming systems research, 
national programs are extending the technologies 
identified. Bangladesh, Sri Lanka, Indonesia, the 
Philippines, Nepal, and Thailand are implement-
ing the preproduction phase of the methodology 
(multilocation testing and pilot production pro-
gram) at various locations. Large-scale cropping 
systems production programs are implemented in 
Nepal, Indonesia, and the Philippines. The Philip
pines is now reorienting commodity production 
prof;rams such as "Masagana 99" (rice) and 
"Tklaisagana" (maize) to a farming systems per
spective to increase farm production and income. 

Collaborative research in the Network includes 
cropping systems research, rice - wheat cropping 
systems, women in rice farming, crop - livestock 
farming systems, varietal testing of upland crops, 
long-term cropping patterns, fertilizer studies, and 
farm implements for intensive systems. 

In late 1987, rice - fish farming systems research 
b,:gan in collaboration with the Central Luzon 
State University, the International Center for 
Living Aquatic Resources Management, and five 
national programs. 

CROPPING SYSTEMS RESEA!.CH 

Rice Farming Svsiems Program 

Most national programs research cropping systems 
based not only on rice but on other commodities 
such as coconut, maize, livestock, agroforestry, 
and aquaculture. In 1987, ARFSN had more than 

250 rice-based research sites in Asia. Most sites 
focus on cropping pattern testing in rainfed low
land, irrigated lowland, partially irrigated lowland, 
and upland rice. Some look at tidal wetland 
(Indonesia) and deepwater rice (Bangladesh). All 
conduct component technology trials such as 
varietal evaluation and fertilizer, pest, and other 
agronomic management studies. 

In 1987, we discontinued the monitoring of 
cropping systems sites (43 sites in 1986). We began, 
instead, to collaborate with a few key sites in 
cropping pattern testing and in-depth research on 
cropping systems to develop technologies, meth
odologies, and techniques that all national 
programs can use. Philippine sites are Guimba in 
Nueva Ecija, and Claveria in Misamis Oriental 
Guimba represents the partially irrigated and 
favorable rainfed lowland, and Claveria represents 
the acid upland. A third site, Ubon, Thailand, 
represents unfavorable rainfed lowland (drought
and flood-prone). (See the section on Design and 
Evaluation of Cropping Patterns.) We plan to 
begin work at deepwater and irrigated sites in 
Bangladesh and India. 

CROP - I.IVESTOCK SYSTEMS RESEARCH 

Rice Farming S wtens Program 

The crop - livestock research project consists of 
on-station research at the University of the Philip
pines at Los Bafios (UPLB) Institute of Animal 
acience (lAS) and IRRI and on-farm research at 
ARFSN sites. lAS research focuses on deter
mining nutritional values of local fodder, dual
purpose crops, and other forages. IRRI studies 
focus on evaluating forage crops in the lowland 
and upland and on food-forage production 
systems. On-farm research is conducted in the 
Philippines in collaboration with the Department 
of Agriculture and IAS, in Thailand with the 
Farming Systems Research Institute (FSRI), in 
Indonesia with the Central Research Institute for 
Food Crops (CRIFC), in Nepal with the Depart
ment of Agriculture, and in China with the Chinese 
Academy of Agricultural Sciences. 

Philippines. The key Philippine sites are Santa 
Barbara, Pangasinan (lowland), and Trece Mar
tires, Cavite (upland). Crop - livestock systems 
tested in 1987 were cowpea + rootcrop + swine 

http:RESEA!.CH
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and crop+ cattle. Farmer cooperators who planted 23 chickens). Cropping patterns have produced 
cowpea + cassava in Trece Martires and cowpea-+ enough calories and protein for families. In 1985
sweet potato in Santa Barbara will raise swine for 86, farming systems C and D (improved farming 
fattening, starting in April 1988. This combination system + livestock) produced higher income than 
reduces dependence on commercially mixed feeds systems A and B. The livestock contribution was 
and solves a potential marketing problem for 10-16% of total income; income from rubber was 
cowpea. The farm-mixed swine ration will be 30% 15-42%. Income during the 1986-87 wet season 
cowpea, 50(,i sweet potato, and 20% premix. (WS) showed an increasing contribution of 

With crop + cattle, farmers in Trece Martires livestock (22-30%) and rubber (34-60%). Net 
intercroppcd maize with siratro, planted after income between farming systems C and D, and A 
upland rice. Cassava will be used to supplement and B differed greatly ($995 and $929 vs $340 and 
these feeds for fattening cattle. $265, respectively). Rice yields were low (0.5-

Economic analysis in Malanay, the partially 0.7 t/ ha). 
irrigated site, showed that income came from on- Systems with improved livestock management 
farm (60%), nonfarm (30%), and off-farm (10%) (C and D) achieved better productivity for cattle, 
sources. Farm income came mainly from sales of goat, and chicken than did the traditional (B). 
rice and livestock, especially swine. Carpentry, Efficiencies were highest with chicken, next with 
business, and remittances from relatives were cattle, and least with goat. 
important sources of nonfarm income, and hired In component technology research, 6 rices and 
iabor was the nmai- soarce of off-farm income. In I I cowpeas were evaluated. Local rice variety 
CarosIcan, the rainfed site, income came from Sirendah Bulat had the least blast infection and the 
on-farm (42%), nonfarm (56%), and off-farm (2%) highest grain yield, with 1.9 t/ha. TVx 133-16D2 
sources. Total gross in,:ome per farm was higher in and IT82 D-89 cowpea varieties showed the highest 
Malanay than in Carosucan (US$563 vs US$385). yield with 1.12 and 1.11 t/ha, respectively. 
Rice, vegetables, and swine provided most farm Two legumes as cover crops (Puerariajavanica 
income, and Centrosema pubescens) were evaluated using 

On-farm trials in Carosucan evaluated IR65, a eight establishment methods. Pueraria grew much 
glutinous rice variety, and farmers' varieties faster than Centrosenia, especially with row 
lielda, Waray, Milagrosa, and BPIRi-3. Varieties cultivation. 
had similar fresh grain weight; however, Milagrosa Farmers grew Setaria grass for animal feed. 
had lower dry grain yield. The most appropriate N Production was highest from cutting at 30-d 
level for IR65 was 30 kg N/ha. intervals. 

In Trece Martires, varietal trials for upland rice Nine male and one female Etawah goats, 
in banana fields using local variety Dalikit, introduced during the year, performed well. 
UPLRi-5, UPLRi-7, IRATI15, and CNA5164 Average weight gain before weaning was 66.1 g/d 
showed grain yields from 2.1 to 2.9 t/ha, not and after weaning 62.6 g/d. 
significantly different. Dalikit had the highest Thailand. The Thailand site - Ban Bon Paw 
fodder (straw) yield. The average yield in an upland Daeng, Ban Phai, Khon Kaen - is in a drought
rice + maize + siratro pattern was 4.3 t/ha vs prone rainfed lowland area. The collaborators are 
3.5 t/ha for farmers' pattern, scientists of the Departments of Agriculture and 

Indonesia. The project site -- Batumarta, South Livestock Development, the Office of Agricultural 
Sumatra - - is in a dryland transmigiation area. Economics, and Khon Kaen University. 
Scientists from CRIFC and the Centra! Research Cropping pattern trials in late 1986 confirmed 
Institute for Animal Science collaborate. Four previous findings that the best first crops before 
farming systems (A, B, C, D) were tested to rice for upland and upper ricefields were peanut 
increase income and use land more effectively: and green maize, with crop biomasses of 10.6 and 
system A = farmers'system without livestock, B = 9.2 t/ha, respectively. Cowpea followed peanut 
farmers' system with livestock, C = improved and maize. Net returns amounted to $707 for 
livestock system (I cattle, 3goats, II chickens), and peanut - cowpea, $368 for maize - cowpea, and 
) = introduced system (2 cattle, 5 goats, $675 for peanut - dry seeded rice. Under upland 
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field conditions, the most promising combination 
was peanut - dry seeded rice, with a net return of 
$676. 
The animal growth rate fluctuated, decreasing 

after October-November because of inadequate 
forage. With fresh rice straw after harvest, weights
increase,, in January-February, but declined in 
March-April as farmers planted field crops like 
cassava and kcnaf. Trials on farmers' management 
of backyard forage grasses (such as Hamil-Guinea 
grass) produced low yields (10.5 t/ha, 5 cuttings) 
due to drought. 

In dairy cattle manag':ment trials (5 cattle), 
average daily milk production was 7.7 kg in dry 
season ()S) (October-March) and 9.7 kg in WS. 
Although dairy production was promising, pro-
longed drought and marketing problems hampered 
its adoption. The project will introduce beef cattle 
to use crop residues. 

China. Key sites in China Chang Ping inare 
Beijing, and Fumihuang in .iangsu. The Beijing 
site represents irrigated lowland, with rice, wheat, 
maize, soybean, and vegetables combined with 
dairy cattle. Silage crops are being introduced into 
dry seeded rice to increase feed for cattle. A triticale 
- dry seeded rice pattern will provide triticale for 
ensiling. Dairying involves both individual and 
collective farming. 

In Funmazhuang, an irrigated lowland with 
wheat, soybean, rapeseed, and maize, swine is the 
livestock component. Maize and soybean replace 
rice in higher fields. Scientists have crossed native 

swine (Taihu) with Yorkshire, and have improved 

swine rations for on-farm trials. 
 The results 
indicate that ttiw improved breed plus the improved 
ration produced better gains than did native swine 
and rations, 

Other countries. In Nepal, the Farming Systems
Research Division of the Department of Agri-
culture is researching crop - livestock patterns in 
Naldung, a hillside area in the northeast corner of 
Kabhrc district of the Central Development 
Region. Crops in the rice-based pattern are wheat, 
maize, oats, and finger millet. Fodder trees are 
being introduced, and the livestock component is 
dairy buffalo. 

In Bangladesh, livestock scientists have joined
the Farming Systems Research teams from various 
government agencies and institutions such as 
the Bangladesh Agricultural Research Institute 

and Bangladesh Rice Research Institute, through 
the Bangladesh Agricultural Research Council 
Site surveys show inadequate livestock feed and a 
severe shortage of draft poer. Feeding urea
treated rice straw to milking cows increased milk 
yield about 7%. 

Burma is comparing farmers' crop - livestock 
practices with those in an experimental crop 
livestock program at the research station. 

Vietnam will examine sv,ine raising as a corn
ponent of rice-based farming systems, and growing 
maize after rice to feed swine. 

Component technology research at UPLB. 
Researchers at UPLB are evaluating siratro and 
pigeonpea hays as cattle feed, using 8bulls, 1.5-2 yr
old and weighing 165-250 kg. Ration treatments 
are I) rice straw + sorghum stover + siratro 
(Macrojnfiliuln atroptnrpuremn) hay + concen
trate; and 2) rice straw + sorghum stover + 
pigeonpea (a/anus ca/an) hav + concentrate. The 
roughage-to-concentrate ratio is 70-30 (dry matter 
[DM) basis), with 15(% of )M from siratro or 
pigeonpea. Pigeonpea hay had higher crude 
protein than siratro hay (23 vs 17%) as well as 
higher N-free extract (40 vs 34%). Sorghum stover 
and rice straw had identical crude protein (5.2%).
Average daily gain for the 27-d feeding period was 
higher for pigeonpea than for siratro hay (0.46 vs 
0.43 kg), but the differences were not statistically 
significant. Pigeonpea hay was more palatable, 
especially when some twigs were separated before 
feeding. Siratro hay, although its vines were tough 
for cattle, was acceptable after a few days 
adjustment. 

In another study testing the digestibility of rice 
straw, lye solution was extracted from rice straw 
and rice hull ash previously soaked in tap water
 
(I kg water) overnight. 'Fhein vitro digestibility of
 
lye-treated straw was higher than that of untreated
 
straw. Trials using cattle and carabao indicated
 
that lye-treated straw improved apparent digesti
bility for I)M, crude fiber, gross energy, and 
consequently total digestible nutrients, compared 
with untreated straw. The DM intake of treated 
straw was higher than that of untreated straw (2.6 
vs 2.2% of body weight). Rice hulls could provide 
ash for lye solutions. 

Forage crops and forage - food intercropping. 
Component technology research in forage crops is 
searching for better forage species and cultural 



practices to increase animal feeds, especially during 
)S in rice-based 'arming systems. 

I"'ra1if, ?M00m(r )1/uf. Seven grasses and four 
lecunes \%erc established on lowland ricefield 
bolds to sttudv s(,ie crop forage production. I\,o 
,Years of testing showed that these species gave 
satrdactor\ forage yield: 'ueniinitum rpiureum 
(Napier grass). -I/lhro)ogoll 'gaa'lll,. Setaria 
Nletida, S. at-ep.. cv Nandi. I)esmanthus 
virfa(III.S, and ('liforia lernalva. ()tiher species 
yielded less than 20 t I)M ha per yr. 

Four forage grasses Brachiaria muiica, lEchi-
nochlhh( ficia. s. /h/ , and S. anceps cv 
Nand i grown by rootstocks after rice harvest 
yielded 5.66. 5.64, 4.70, and 3.20 t DMiha, 
respectivel\. frorn 4 harvests at 45-d intervals. All 
except Nandi setaria suppressed weeds somewhat, 
In the succeeding I0R66 rice crop, some B1.mutica 
and 1'. pita grew in the ricefield and along the 
bunds. but neither persisted. Rice grain yield in the 
plot previously grown to S. splenlila (4.1 t/ha) 
was significantly higher than that in the previous 
fallow plot (3.5 t' ha). 

Some rice varieties have potential for being a 
dual-purpose (forage and grain) crop. Fi'e IR 
varieties (IR34, IR40, IR42, IR48, and IR62) 
with 120- to 130-d duration were tested in a 
farmer's field (Santa Barbara, Pangasinan) during 
February-,lone 1987 and on the IRRI 'arm in 
Aueust-l)ccmber 1987. Rice plants in half of each 
plot wcre cut for forage, 30 cm from the base, at 
45-50 d after transplanting. Fresh herbage yields 
ranged from 3.3 to 5.7 ti ha in the farmer's field and 
from 2.1 to 3.5 t!ha at IRRI. IR34 yielded 
significantly better at both sites. Grain yields were 
low in the farmer's field due to drought at panicle 
initiation. IR34, IR48, and I162 yields were 
reduced by cutting, but IR40 and lIR42 yields were 
not. 

Forage-fwod intercrolping. Forage crops inter-
cropped with food crops produce human food and 
animal feed at the same time. The food crop can be 
cereals or legumes, while forages are normally 
legumes. Legumes provide high protein value and 
improve soil fertility. 

Four combinations of two grain legumes 

mungbean and cowpea -- and two forage legumes 
siratro and sunn hemp were intercropped 1:1 

in rows in rainfed fields after rice harvest on the 
IRRI farm. J.egumes yielded as well when inter-
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cropped as in monocrop. Cowpea + sunn hemp 
was best, with 1.30 t/ ha grain yield, 1.41 t )M/ ha 
crop resid tc, and 9.78 t I) Mi ha forage yield. 

On-fai i trials of grain legume + siratro inter
croppings were conducted on rainfed lowland in 
Pangasinan, l.a Union, and Ilocos Sur during DS 
(November-Mav). '[he grain legume main crops 
were mu ngbean (IP13 M79-13-29), cowpea (TVx 
2724-01 F). and pigconpea (QPI. 72). Grain yields 
were not significantly reduced by the siratro 
intercrop. Cowpea - siratro was best, giving a 
cowpea grain yield and a total fodder )M yield 
(main crop + intcrcrop) of', respectively, 0.72 and 
2.48 t, ha in Pangasinan, 1.03 and 5.35 t; ha in La 
Union, and 0.75 and 1.75 t ha in llocos Sur. 

Combinations of grain + forage legumes were 
tested on upland during WS at IRRI. Four grain 
legumes (mungbean, soybean, cowpea, and pea
nut) and four forage legumes (Cenlrosetna macro
carpn., Clitoria ternatea, Ca/anus ca/an, and 
Desmanthus virgalus) were intercropped in 
various combinations at 25-cm alternate-row 
spacing. Main crop yields in intercroppings were 
usually reduced compared to those of mono
croppings. Pigeonpea, taller than the legume food 
crops, suppressed their growth and grain yield but 
gave the highest forage yield among the inter
cropped species. Clitoria and siratro were the 
better intercropped species because they grow 
slowly at early growth stages and compete less with 
main crops. Peanut was best in total productivity. 

One cereal - forage legume intercropping expe
riment wits conducted during DS on upland at 
IRRI. Maize (IPB Var 1) and sorghum (UPL SG 
5) at 3 population densities (26,666, 35,555, and 
53,333 plants/ha for maize and 66,666, 133,333, 
and 266,666 plants/ha for sorghum) were inter
cropped with siratro, stylo (Ci ,T 136), cowpea 
(TVx 2724-01F), Lahilab purnureus (cv High
worth), and Desmanthus virgatus to determine 
grain and fodder production. 

Maize grain and fodder yields at 53,333 
plants/ ha density were a little higher than those at 
lower densities. However, maize yields ofcombina
tions within eacb density did not differ. Similarly, 
the fodder yield of each forage legume was not 
significantly affected by maize density. Average 
fodder DM yields of legumes across main crop 
densities were 2.85 t/ha for siratro, 1.46 t/ha for 
lablab, 1.19 t/ha for stylo, 0.98 t/ha for cowpea, 
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arld 0.67 1Iha for 1). v'itgaius. Grain yields of 
sorghun in different combinations and densities 
were usually not statistically different, ranging 
from 1.99 to 2.85 t ha. Forage yields of inter-
cropped legumes ranged from 0.20 to 1.95 1 
I)M ha, with siratro yielding best in every 
treat ment. 

WOMFN IN RI(F FARMIN SYS IIFNtS 

Agricultural "oiomic.s De/)atrlnenl 

Collaborative research on women in rice farming 
has begun in Thailand, Indonesia, Philippines, 
Nepal, Bangladesh, and India. Research isreported 
here from the Philippines. Thailand, and Indo-
nesia. 

Glutinous rice in Santa Barbara, Pangasinan, 
Philippines. At the rainfed lowland site in Santa 
Barbara, Pangasinan, in 1986, researchers from 
IRRI, IAS, and the l)epartment of Agriculture 
collaborated to discern women's needs in rural 
rice-growing areas and to identify and extend 
technologies to improve their productive capacity 
and welfare. Researchers described the gender-
specific tasks and decision-making responsibilities 
of men and women, clarified constraints in 
women's participation in farming systems, and 
identified and introduced technology to enhance 
women's productive capacity. 

Processing glutinous rice is a ma"jor traditional 
activity and a significant source of income for 
women in Carosucan, a rainfed village. The major 
constraints identified by men and women involved 
in the production and processing of glutinous rice 
were the low yields (3 t/ha) and long duration 
(130-140 d) of the varieties commonly grown, and 
the drudgery and inefficiency of processing. 

To surmount these constraints, we introduced 
IR65, ahigh-yielding and early-maturing glutinous 
rice, at the site. We are also testing several 
machines developed at IR RI. 

(hanges in area andproduct6on. Table I shows 
the growth in area and production ofglutinous rice 
from 1986 to 1987, due mainly to IR65's short 
growth duration, better tillering capacity, higher 
yields, better quality filled grains, and good eating 
qualities. Yields weie lower in 1987 because of late 
planting, lack of water during transplanting, and 
drought before ripening. 

Table 1. Changes in area and production of glutinous rice, 
Carosucan, Santa Barbara, Pangasinan, 1986-87. 

1986 1987 
Item 

1R65 Local IR65 Local 
Total area planted (ha) .91 1.48 2.85 .98 
Farmers (no.) 22 22 36 15 
Av yield (t/ha) 5.4 4.7 4.1 3.4 

Source of data: 1986 and 1987 surv ,y, IRRI, Agricultural 
Economics Department. 

('Cash iune. Despite the limited areas planted 
to glutinous rice compared with those for ordinary 
rice, women from farming and landless households 
generate considerable income by selling glutinous 
rice in rough or processed form. In 1996, we 
monitored monthly cash sales from rice, glutinous 
rice, and other crops of 15 farming and 4 landless 
households. Figure I shows that crop sales were 
highest in October, when total cash sales for the 15 
farming households were $907 ($60.50/ house
hold), 82(,i from rough glutinous rice. The total 
nonfarm gross income of 4 landless families 
in October was $1,275. ($320/household), 97% 
obtained by women processing and selling 
glutinous rice. 

In 1986 and 1987, we interviewed women 
merchants whose major source of income is from 
buying, processing, and selling glutinous rice. The 
number of women who processed IR65 increased 
from 20 in 1986 to 46 in 1987, and the volume 
processed increased from 3.0 to 11.4 t, or 37% of all 
glutinous rice. Due to its scarcity in Carosucan, 
women merchants bought glutinous rice from 
neighboring villages. 

Tests of the cooking and eating qualities of IR65 
and local glutinous varieties indicated high accept
ability of IR65. 

Processing. In Pangasinan, consumers prefer 
glutinous rice processed into black grains. Glu
tinous rice isgrown and harvested 2 wk earlier than 
other rice to take advantage of the high price on 
I Nov (All Saints Day), a Filipino holiday. 
Processed glutinous rice, called dudumen in the 
dialect, isused iihrice delicacies. 

IRRI engineers observed processing- boiling, 
drying, dehulling, mixing with charcoal, and 
winnowing. The rough rice is boiled and con
tinuously stirred with a long ladle until dry (about 
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40-50 mi for a 12 kg batch). The rice is cooled, glutinous rice and glutinous rice - soybean. In the
then hand pounded six times with a boat-shaped uplands, they are monocropped peanut, peanut -woodc!.i mortar and pestle, and winnowed. Usually, mLngbean, monocropped soybean, soybean women cook, and men, women, and children soybean, monocropped maize, monocroppedpound in rhythmic motion. Processing several upland rice, and peanut - peanut.
batches of rice a day is strenuous and time- Women participate in crop production andconsuming. poultry husbandry. Females contributed theseBased on interviews and observations, the IRRI percentages of labor: glutinous rice (28%), uplandAgricultural Engineering Department designed rice (39%), peanut (45%), maize (50%), mungbeanand fabricated a pan cooker with a wooden rotary (4 1%), and soybean (40%). TFhey participated lessstirrer, aportable wooden dehullerand aportable than males in land preparation, and more inrotary parboiler-dryer for site testing and demon- planting, culture, and harvesting. Culture includesstratioii. The equipment is being tested and fertilizer and chemical application, weeding, and

modified to attain efficiency and suitability. irrigation. Peanut and soybean planting in theAmphoc Phrao, Chiang Mai, Thailand. A study early rainy season required more female participaon the roles ofmen and women was conducted in tion than did other activities. Planting soybeanOctober 1986 at the Phrao farming systems site by after rice in the lowlands provided employmentChiang Mai University and the FSRI. Amphoe and income for women harvesters.Phrao has lowlands and uplands. In the lowlands, To determine gender differences in agriculturaldominant crpping patterns are monocropped knowedge, we interviewed 80 men and 80 women. 
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Men scored 36.3 and women 24.5. Women received 
agricultural information largely from informal 
sources like spouses and neighbors. The national 
agriculturll extension systems rely upon men as 
contact agents and reach out to women only in 
home economics matters. C(onsequently, women 
had less knowledge and contact than men con-
cerning buing inputs, selling produce, and bor-
rowing money from banks and cooneratives. 
Women participated less in formal meetings. 
Women x'Were usually custooians of household 
income and inanagcd daily expenditures. Deci-
sians about large expenditures are made by 
husband and wife, or by the husband only. 

Women worked on other farms as hired labor, 
hut recei\ed lower wages than men: $1.24 /d 

compared with S1.44 d. Construction work offered 
$2.64 d for men, while tobacco industries offered 
$1.68 'dfor women, who commonly worked fron 
l)eccmbcr to April. Women earned as much as 
$32.76 yr :asagricultural laborers, and $459.48/yr 
in tobacco grading. Working in tobacco industries 
requircd them to spend at least 3-4 mo away from 
homne. 

Ban Phai, Khon Kaen, Thailand. A study on 
women's participation in farming systems was 
conducted in the Crop - Livestock Development 
Project in )on Por l)cang, Ban Phai, Khon Kaen, 

-1hailand, by the FSRI and Khon Kaen University. 
The site is unfavorable rainfed lowland. In October 
1986, data collected by the Office of Agricultural 
Economics were analyzed to examine women's 
role in farming as a basis for introducing tech-
nologies suited to their needs, 

Because or three continuous droughts in north-
east Thailand, farmers had shifted from rice 
farming to cultivation of cassava, and some 
farmers had migrated 'o tileMiddle East. Women 
were left to manage livestock and upland crops like 
cassava. Mulberry trees survived the drought, so 
silkworm raising became a very important income 
source, particularly during DS.Due to inadequate 
mulberry care, women had to buy mulberry leaves 
in other villages. To overcome these problems, the 
FSRI provided technical advice to women on 
pruning practices and larger spacing for mulberry 
trees. Women in 10 families experimented with 
mulberry - peanut intercropping. 

Batumarta, IndonesiaThe study was conducted 
in the transmigration area at the Crop - Livestock 

Farming Systems Research site by CRIFC to 
examine tile economic role of women in agri
cultural production. The site is acid upland. 
The time allocation study used observations and 

interviews to measure women's agricultural 
activities. Women contributed 32.5% of agricul
tural labor. Men usually prepared land and 
transported farm products; wOmen transplanted, 
weeded, applied animal manure, and harvested 
crops. Women also worked as hired labor on other 
farms, particularly in harvesting upland rice with a 
sickle knife called ani-ani. Aside from rice, other 
upland crops grown in the site were soybean, 
mungbean, cowpea, and cassava. Women obtained 
additional income by processing soybean into 
tempe, mungbean into sprouts, and cassava into 
chips, using time-consuming traditional methods. 
Seed selection and management were women's 
responsibility. They tended chickens and goats, but 
lacked technical information on doing so. 

Traditionally, rural women are obedient to their 
husbands. In Batumarta, most men consulted their 
wives in making farming decisions. Wives helped 
decide on the purchase of inputs and on the sale of 
produce. 

PROSIPERITY THROUGH RICE 

Trainingand Technology Transfer Department 

IRRI and UPLB collaborate to demonstrate and 
provide training in rice farming systems methods 
that maximize rice yield and in methods of post
harvest crop management and scientific use of the 
entire plant biomass. At the IRRI farm, demon
strations show production, rice farming systems, 
and postharvest/ rice biomass utilization. Pilot 
village projects operate in Bangladesh, Indonesia, 
Sri Lanka, and Thailand. 

Sri Lanka. In Sri Lanka, 113 farm cooperators 
demonstrate 6 cost-reducing technologies in 3 
villages (Kalwara, Kegalle; Giritale, Polonnaruwa; 
and Galnewa, Kalawewa). The technologies are 
incorporating decomposed rice straw, improved 
dapog method, urea-enriched straw, integrated 
pest control, mechanical transplanter, and cono 
weeder. 

Indonesia. In Serang, Bumijaya represents 
irrigated lowland and Kendayaban represents 
rainfed lowland. At the irrigated site, the patterns 
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rice - rice, rice - rice - soybean, and rice - rice + fish location testing under rainled conditions. Income 
are demonstrated on 12 farms. Cucumber - rice - was 60% better than with the farmers' cropping
rice ratoon, rice - mungbean, and direct seeded rice pattern. 
-rice are demonstrated at tie rainfed lowland site. In Kharldburi, Nepal, the improved practice of
Traditional and hit methods of rice straw lush- planting rice - wheat - mungbean increased income
rIII culture were introduced. 93(C. over the farmers' practice of rice - wheat.

Thailand. At tile Nakhon SaVan site (rainfed Under rainfed conditions, rice - wheat - sesbania
lowland), a small village rice mill shed with two increased net returns by 432% over the farmers' 
sma1ill !oms wIS constructed by hired workers. A practice of I rice crop. In IBahuari, Parsa, the net
rice 11ll with a capacity of' I td %%asinstalled. The return of inproved rice - chickpea + mustard was
eight farmer cooperators:; selected for the project 2301i better than the farmers' practice of rice 
will bring their rice to tile mill for milling. The rice wheat. 
bran and husks will be used ifOr aninal feed and In India, rice - wheat is tested in J orhat, Assam;
cooking ucl. [hc project in Phrao (partially Ludhiana, PLunjab; Modipuram, Uttar Pradesh;
irrigated lowland) will dlemolst rate rice - fish IBurdaman, West Bengal: and Pharbani, M aha
farming and ridge vegetable growing. Mushroom rashtra. In .Jorhit, of 7 cropping patterns tested,
ctltuirC, coin posting, and a nitingbean - rice rice  mustard was the most promising. Rasi rice
croppinglpattern have already been demonstrated, yielded better than M ahsuri rice. Aside from

Bangladesh. lI)ual-purpose legumes were intro- higher yield, i second crop of mustard or other 
d.ced into the rice - rice cropping pattern. For crop can be introduced. Winter crops failed except
livcstock, fast-growing grasses were introduced, wheat and mustard. In Ludhiana, rice - wheat -
Rice - rice - legume is demonstrated using cowpea (fodder) gave $1,541 net returns and rice 
improved seeds, fertili/er management, crop pro- potato + wheat - mungbean gave $1,855. in
tection, and biomass production. Low-cost post- Modipuram, ol' 8cropping patterns, rice - wheat 
harvest equipment and biomass use technologies maize 4 cowpea gave $1,138 net returns and rice 
are also demonstrated, potato + wheat - cowpea + maize gave $1,045. In 

Burdaman, rice - wheat - mungbean and rice 
wheat -.jute were tested with four other croppingRI- WitAI CRO''IN(i S'STIMS patterns. Wheat yields were 2.26 and 2.46 t/ha, 

Rice IParni,, Slvnis'es Irogram and Agricultural respectively. Rice yield varied from 3.5 to 4.1 t! ha. 
I:'Cotioics l)elartntnt In Pharbani, rice - wheat - niungbean was tested 

Pattern testing (Rice Farming Svsfems Prgran 
with five other upland cropping patterns. Rice 
yield was 2.4 t/ha, wheat 2.09 t/ha, and mungbean


and ,.grict ul/ural Economics). Rice - wheat 0.62 t/ ha.
 
cropping is important in subtropical Asian coun- Farmer management in Upper Sind, Pakistan

tries, especially India, Banglhdesh, Nepal, and (Agricultural Economics). The Rice Research

Pakistan. In central and northern China, rice 
- Institute (RRI), Dokri, in collaboration with the
rice  wheat and rice - wheat are dominant patterns. I R RI Agricultural Economics Department, studied 
China, Bangladesh, Pakistan, 1urma, Nepal, and farmer management of rice - wheat systems in the

India collaborate in rice - wheat testing. Rice 
 - Upper Sind of Pakistan. A full report is available 
wheat iscompared with patterns involving legumes from the RRI. 
(mungbean, soybean, chickpea, and others) and Researchers interviewed 100 farmers (5 in each
cereals (mizc, sorghum, and others). Experimental of 20 villages) who grew irrigated rice and wheat in
cropping patterns are always compared with 1986-87. Interviews followed rice harvest and 
farmers' dominant cropping patterns, wheat hat vest. 

In Bangladesh, rice - rice - wheat is recom- Cropped areas. Nearly two-thirds (65%) of
mended for nmltilocation testing under irrigated farmers interviewed were tenants; the remainder
conditions. Yield was 85-89% better than farmers' were owners (31%) and owner-tenants (4%).
proluLction, and income was 110-135% better. The mean cultivated area of rice was 2.3 ha withRice - wheat- jute is recommended for multi- range of 0.5 ha to 4.9 ha. Ninety-four percent of 
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respondents claimed they grew the same area to 
wheat as to rice in rabi season for a 1.94 multiple 
croI piig index. 

FJhl hratiot. Half the rice crop was trans
planted by the first week 01 .,une, and 80% was 
harvested between the first week of October and 
the first week of November. Typical field duration 
was 115 d. 

Earliest wheat sowing was in the first week 
of November, a month after rice was harvested: 
half the wheat was seeded by the beginning of 
)ecember. Wheat harvest began at the end of 

March and was completed by the beginning of 
May. Mo)re than 80(i of the wheat was harvested 
over 3-4 wk in April. The field duration of the 
wheat was about 130 d. 

Turnaround time (between rice harvest and 
wheat planting) averaged a little more than 4 wk, 
ranging from 3 to 8 vk. 

The most important factor explaining turn-
around time was how long it took a field to drain 
and dry before wheat cultivation after rice. 
Farmers with a late rice harvest had a significantly 
shorter turnaround. As farm size increased, so did 
turnaround time, but power was not a major 
constraint, 

('olrp tnaagement. All respondents planted 
IRRI-6; none reported growing recently released 
varieties DR82, I)R83, or Latify. Mean seedling 
age at transplanting was 5.5 wk, older than the 
3-4 wk considered optimal. A wide range of wheat 
varieties was reported: dominant was Pak 70(45%) 
followed by C591 (19%); neither is recommended, 
No farmer used certified sced; most farmers 
retained their own seed or used seed supplied by 
landlords. 

Midseason drainage was not practiced with rice. 
All farmers irrigated their wheat aftersowing: 28% 
irrigated wheat twice, 60% 3 times, and 12% 4 
times. 

One-third reported applying Zn to rice. Zn 
deficiency was widespread in the study area. All 
respondents applied diammonium phosphate (18-
46-0), and 98% applied urea (46-0-0) to rice 
(Table 2). Urea was applied to wheat by 99% of 
farmers, diammonium phosphate by 40%. Farmers 
who applied diammonium phosphate had smaller 
farms and light soils. However, use of diam-
monium phosphate on wheat was independent of 

Table 2. Fertilizer management practices, Upper Sind, 
Pakistan, 1986-87. 

Item Unit Rice Wheat 

Fertilizer users 
Diammonium phosphate % 100 40
Urea % 98 99 

Level of use 
Diammonium phosphate kg/ha 121 102 
Urea kg/ha 131 122 

Level of N and P
 
Urea and diammonium
 
phosphat, users no. 100 40

N kg N/ha 80 72 
P kg P/ha 56 47 
Urea users only no. - 60 
N kg N/ha - 55 

the rate of P applied to the previous rice crop, and 
independent of tenure. 

Hand weeding was the only method of weed 
control, averaging two weedings for rice and one 
for wheat. The most troublesome weeds in rice 
were Qvperaceaesp. and lhinochloacolona, and 
in wheat, Melilotus a/ba and C(Yeiiopodin alnum. 

Farmers did not believe that diseases limit rice 
yields, although rust (Puccinia sp.) and loose smut 
(Ustilago tritici) were regarded as problems in 
wheat. Important insects in rice were whitebacked 
planthopper (Sogatella furcfra) and pink stem 
borer (Sesamia inferens). Nineteen percent of 
respondents sprayed rice where hopperburn was 
evident. Pink stem borer was also regarded as a 
problem in wheat, but farmers did not spray to 
control it. 

Yields. All rice and wheat was hand harvested. 
Rice was threshed by bullock treading (98%), while 
all wheat was machine-threshed. 

The mean yield of rough rice was 4.3 t/ha, 
ranging from 2.9 to 7.4 t'ha. Mean wheat yield was 
2.0 t/ ha, ranging from I. I to 4.0 t/ ha. There was no 
significant difference in rice or wheat yields between 
owners and tenants. 

Rice and wheat yields are a function of many 
factors interacting in acomplex way. Also, rice and 
wheat yields on the same plot are likely to be 
related, suggesting that factors affecting them may 
be specified by a jointly estimated two-equation 
system. The simultaneously estimated production 
functions are reported in Table 3. The model 
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Table 3. Three-stage least squares estimates of rice and 0 total ) (each kilogram of P increased wheatwheat yields 	in rice  wheat cropping patterns, Upper

Sind, Pakistan, 1986-87. yield by >2 kg/ha),


0 number 	of irrigations (an added irrigationExogenous Regression Standard Significance increased wheat yield by 68 kg/ ha), andvariable coefficient error level %) 0 larmer's choice of variety- with local varieties 
Weighted R" for 0.62 yielding slightly higher (by 0.1 t/lha) thansystem modern varieties. 

Equation I: Rice yield
Plowings (no.) 	

However, when other factors were considered,-89.20 137.15 52 wheat vields were not significantly related to
Transplanting date -104.66 43.84 2
 
N 9.04 4.30 4 
 sowing date.P 	 -7.05 5.67 22 All farmers reported that they sold some of their
Insecticide user -47.74 175.06 79 riceand wheat harvest, averaging 37% of the riceVillage dunmy 1665.63 248.82 1 	 ne and wheat rsTa e 3)% Fate rcSoil dummy 427.28 142.05 1 and 29% of wheat crop (Table 4). Farmers on 
Intercept 4597.01 753.92 1 average sold more rice (3.5 t) than wheat (1.3 t).
F, 0.59 Quantities of rice and wheat sold were positivelyF-ratio 19.05 1 	 correlated with cropped area (r = 0.6**); a 1%Equation I: Wheat yield increase in cropped 	area resulted in an approxi-Rice yield 0.11 0.06 	 mately 1% increase in grain sales (calculated
Sowing date 1 39 20.45 95IN 12.52 4.20 1 elasticities of 0.95 for rice and 1.12 for wheat, bothTotal P 4.93 1.88 1 significant at the 1%probability level). Less thanIrrigation 68.48 52.80Variety dummy -167.32 101.51 

20 
10 50% of the respondents sold more than 80% of theVillage dummy 792.33 91.92 1 	 rice and 75% of the wheat marketed. 

Intercept 16.43 843.68 98 More than 70% of sales was to the private sector 
Ri 0.64 (Table 4). Few farmers sold to government buyingF-ratio 23.26 1 	 agencies and the Pakistan Food Department. 

Farmers selling rice to the government sold 
significantly larger quantities (4.3 t) than thoseexplains over 60% of the variability in rice and selling to the private sector (3.3 t). However, wheatwheat yields and issignificant at the 1%level, quantities sold did not differ between government


Rice yields were significantly related to agencies and private buyers.

* 	transplanting date (each week's delay in trans- Farners'c/fectiyie/s.Farmers did not benefit

planting resulted in a yield loss of about 100 from the gross crop yield because they normally
kg! ha or 2.5 maunds Iha per wk),

" N rate (each kg of N increased rice yields by
about 9 kg/ ha), and Table 4. Rice and wheat sales, Upper Sind, Pakis'. 

* 	soil type (light, well-drained soils, on average, 198687.a
 

yielded 0.4 t /ha higher than low-lying, water- Item 
 Rice Wheat
logged soils). Crop sales 

Yields were significantly higher in Bakraini and Harvest sold 	 %) 7 29Hyder Brohi villages than in the other surveyed Quantity sold (t) 3.5 1.3 
villages. However, rice yields were not significantly Main buyer (%)

related to the number of times a field was plowed, Government agencies 17 16
Wholesaler/retailer 
or to the rate of P applied. Miller/input supplier 54 

2 41 

42
Wheat yields were significantly related to Unreported 0 

* 
rice yield (when other factors were accounted 	 Qusntity sold (t)
 

Government
for, fields with higher rice yields also tended to 	 4.3 1.4Millers and retailers 3.3 1.2have higher wheat yields), 	 Difference 1.0+ O.2ns* 	N rate (each kg of N increased wheat yield by a= significant at 10% probability level; ns = not signifi
about 13 kg!/ha), cant, based on Student t-tests. 

1 
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paid for the cost of larvest and postharvest opera-
[ions in kind (Table 5). A farner with a typical rice 
Yield of 4.3 t/ ha paid out more than 2()0, of tile 
crop for harvest-related activities, and a farmer 
with a typical whcat yield of 2.0 t, ha paid out 25 'j 
of 	lhe crop for tlese services. In 1986-87, farmers 
reccived an effective price of about $76 t for rice 
and S106 i for MV wheat, af'ter marketing charges 
were deducted. lhus, the net value of the crop 
standing ill the field was about $60/t ($6 Lltnintal) 
I-or ricc, and S79 t for wlieit about three-quarters 
of 	 their market prices. The net \'alue ,f grain plus 
straw in the fiel \\as about $65rt for rice and 
about $96 t for wheat. 

(Osts and retur1-s. Thcre \wClt no significant 
differences in resource use or yields between 
owners and tenants. Thus, cost and return dif-
ferences bet\veen owiers lld tenants were a 
colsXf uencC ofd iffercuces in sharing ofinput costs 
and crop output, as opposed to diffcrences in 
resource use, or yiclds, per se. 

Variable costs per hectare were considerably 
higher for rite production than for wheat prodIc
[ion ( a,!o 6). However, rice cost less to produce 
than wheat per kilogram of grain produced. 

Gross returns for rice were higher than for wheat 
due to higher grain yield (although Iice was lower 
priced); but tle value of wheat straw was higher
than !fhat of' rice straw (Table 6). 

The gross margin (the difference between gross 
re:turns and costs that vary) of' wheat was high. r 
than that of rice, both for owners ($78/ha vs 
$46/ha) and for tenants, who registered a loss 
(-$22/ha vs -$69/ha). This difference in gross 

margin between crops was largely the result of the 
higher production cost of rice compared to that of 
wheat. A tenant could nut cover pioduction costs 
for rice or wheat if all inputs were valued at their 
market prices. This pa'ticularly applied to labor 
costs. A tenant's imputed wage in growing these 
crops was considerably less than the market wage 
of lired labor. 

Returns to rice - wheat palterns. On average, 
owners earned a pattern net return of more than 
$125, ha, while tenants lost about $100/ ha when all 
inputs were Valued at market prices. Owner net 
returns varied from -$50/ha to nearly $300/ha, 
and tenant returns ranged from -$200/ha to 
$100iha. While tile probability of loss for owners 
was small, only 20% of tenants covered production 
costs, when all inputs were valued at market costs. 

IMI'ACIOF ('IROI't'IN(i SYS[FMS RES[AIRCH 
Rice tarming veins Programan(d Agricultural 
Economics Department 

During the 17th meeting of the Asian Rice 
Farming Systems Working Group, members 
agreed to study tile impact of cropping systems 
research ill four countries: Bangladesh, Indonesia, 
Sri Lanka, and the lhilippines. 

The sites in Bangladesh are in Sitakunda, 
Chittagong, and Kamalgani, Moulvibazar. Both 
sites used traditional varieties until a new cropping 
systems technology developed in Bogra was intro
duced. File new technology consists of a rice - rice 
pattern using improved varieties, use of basal 

Table 5. Calculation of farmer-effective yield of rice und wheat and net crop prices, Upper Sind, Pakistan, 1986-87. 

In-kind payments
 

Item 
 Local units Metric units 

Unita Rice Wheat Unit Rice Wheat 

Harvesting maunds/acre 3.0 2.0 kg/ha 297 198Bundling, stacking maunds/acre 1.5 1.5 kg/ha 148 148Threshing kg/maund 5.0 4.0 kg/q 12.5 10.0Net quantity sold kg/maund 31.4 29.7 kg/q 78.5 74.3 
Net 	values: 

Grain in field $/maund 2.4 3.1 $/q 6.0 7.9Crop in field S/maund 2.6 3.8 $/q 6.5 9.6 
al maund = 37.32 kg 
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Table 6. Production costs and returns ($/ha) for rice and wheat crops for tenant and owner operators, Upper Sind, Pakistan,
1986-87. 

Item 

Operating costs 
Input cost

Land preparationa 
Seed 

Fertilizer 
Seedbed 

Main crop 

Insecticide 
Irrigation 

Labor
 
Seedbed 

Transplanting/seeding 
Weeding 
Irrigation 
Others 

Opportunity cost on cashb 
Harvest/postharvest 
Thre~hinq 

Total variable costs
Variable cost/ha 

VariatleL cust/kg 


Returns 
Gross yield 

Straw 

Farmer returns 


Grosvs margins 

Rice Wheat 

Tenant Uvwner Tenant Owner(n = 65) (n= 35) (n = 65) (n = 35) 

31 31 30 30
3 6 7 13 

7 9

21 41 
 13 25 

7 7 
0 5 0 3 

15 
 15
 
23 23 1 1
24 24 15 15
18 18 7 7

3 3 2 2 
12 15 7 1044 44 42 42
41 41 23 23 

249 282 147 171
0 0 0 0 

170 309 107 214
10 19 18 35180 328 125 249 

-69 46 -22 78 
aIncludes plowing, planking, and covering of seeds. b14% interest on cash cost. 

fertilizer, and an improved planting method. 
Almost 70% of the farmers now use improved
varieties, 

At the Indonesian site in Biruen, Banda Aceh, 
one crop of lowland rice is traditional under 
rainfed conditions. The cropping systems program
introduced several food crops and found soybean 
the most successful. Soybean after rice increased 
from 19,000 ha in 1980 to almost 85,000 ha in 1985. 

In Sri Lanka, two sites selected have been 
conducting crapping systems research since 1976. 
Katupotha represents tile intermediate zone, where 
60(( of the riceland cannot be grown to a second 
rice crop. The research team showed that grain
legume (cowpea and mungbean) can be grown. In 
Uva Paranagama, new technology uses an early-
maturing rice followed by t%.)more rice crops. 

In the Philippines in Oton and Tigbauan, Iloilo,
cropping systems research was started in 1975. 

Ajuy, Iloilo, is in the production program.
New technology involves a high-yielding, early
maturing rice variety and use of direct seeding
under dry conditions. This enables farmers to grow 
two rice crops and possibly a third, upland crop.

In these studies, production and consumption
activities and income are recorded daily. Final 
analysis will be done in 1988. 

VARIETAL TESTING OF UPLAND CROPS BEFORE 
AND AFTER RICE 
Rice FarmingSytems Progran 

Entries came from breeding programs of the 
Institute of Plant Breeding (IPB) (Philippines),
Field Crops Research Institute (Thailand), CRIFC 
(Indonesia), and other national programs. Cowpca
entries came from the IRRI screening in collabora
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tion with the International Institute of Tropical 
Agriculture (IITA). Sorghum and pigeonpea came 
from IRRI scruening in collaboration with the 
International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT). Maize entries 
came from the International Maize and Wheat 
Improvement Center (CIMMYT) and other 

national programs. 
In 1987 we increased seed of 34 mungbean, 21 

cowpea, 	 8 soybean, 14 peanut, 6 maize, and 
10 sorghum varieties from IPB, ICRISAT, 
CIMMYT, IITA, and national programs (Indo-
nesia, Bangladesh, and Thailand). 

A total of 67 trials before lowland rice (18 
mungbean, 17 cowpea, II soybean, 8 peanut, I 
pigeonpea, 10 maize, and 2 sorghlvm) and 83 trials 
after lowland rice (16 mungbean, 15 cowpea, 14 
sorghum, 14 peanut, 4 pigeonpea, 12 maize, 7 
sorghum, and I sesame) were distributed to 
Thailand, Indonesia, Burma, China, Nepal, Sri 
Lanka, Vietnam, Philippines, and Madagascar. 
National programs are encouraged to include these 
varieties in their preliminary trials, using two local 
checks. 

Varietal trials after and before rice were con-
ducted in the 1986-87 cropping pattern year in the 
Philippines, Indonesia, Thailand, Vietnam, Sri 
Lanka, and Burma. The most promising varieties 
in grain and fodder yields are presented in Tables 7 
and 8. 

Indonesia released a peanut variety for national 
distribution, identified through this collaboration. 
The variety is Kelinci, formerly Acc-12 from the 

IPo.co 

LONG-TERM CROPPING PATTERN STUDIES 

Rice FarmingSystems Program 

Sustainability of agriculture is a major concern 
because crntinuous cropping reduces soil fertility. 
Collaboration on long-term cropping pattern and 
fertilizer studies was continued in 1987. The institu-
tions involved were BRRI (Bangladesh), CAAS 
(China), CRIFC (Indonesia), Agricultural Re-
search Institute (Burma), Integrated Cropping 
Systems Project (India), and IRRL Collaborators 
designed their own experiments. 

Many experiments in Indonesia were discon
tinued. Work in Bangladesh was in Comilla 
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Table 8. Upland crop varieties that performed better than the local check or highest yielding across locations in the Asian Rice Farming Systems

Network when planted after wetland rice, 1986-87.
 

Varieties
 
Crop
 

Philippines Thailand Burma 
 Vietnam Sri Lanka Indonesia 

Mungbean 
Grain 	 IPB M79-13-60 IPB M79-13-29 - VC 2755A - IPB M79-13-29 

IPB M79-13-29 VC 2762-B-45-21 IPB M79-13-60 
MG 50-10A (G) Uthong 1 

Fodder 	 VC 2762-B-45-2B IPB M79-13-29 
IPB M79-13-29 VC 2762-B-45-2B
 
Uthong 1 Uthong 1
 

Cowpea 
Grain 	 IT 82D-892 TVX 2724-01F TVX 2724-01F IT 81D-1137 Vita4
 

TVX 1850-01 E CES 41-6 TVX 2902-02D CES 41-6 CES 41-6
 
CES 41-6 IT 81D-1137 TVX 3236-01G IT 82E-16 
 IT 81D-1137
 

Fodder 83F-780-3 TVX 2724-01 F 
 TVX 289-4G 
TVX 1850-01 E TVX 289-46 

-

TVX 2724-01 F 
IT 82D-889 IT 82E-18 	 IT 81D-1137 

Bush sitao - fresh pod - Kalasin -
 LBBS #1 
BS3 (6-14R X AS) IT 81D-1228-12 
IT 81D-1228-12 IY 81 D-1228-15

Soybean - grain ACC 99 AGS 129 	 Improved Pelican IPB SY 138-28 
ACC 200 EG SY-173 Willis IPB SY 159-2 
Jupiter R SJ-4 AGS 229 

Peanut
 
Shelled bean EG PN-18 - IPB PN48-90 Hong Mei Chao IPB PN46-12 IPB PN42-14

Tainan IPB ,'N2-25 IPB PN42-14 IPB PN42-14 EG PN-18 M
UPL PN-4 Tainan IPB PN2-25 	 ZEG PN-18 

Fodder EG PN-11 -
 Tainan
 

UPL PN-4 Hong Mei Chao
 
Tainan JL 24
 

Pigeonpea 
Grain 	 QPL 72
 

(TCFC) J-1
 
ICOL-6 

Fodder 	 ICPL-6 
QPL 72 > 
ICPL 142 

Chickpea - grain ICCL 11141 
BDN 95
 
ICCL 83149
 

Continued on next page 



Table 8 cont;nued 

Crop 

Maize 
Grain 

Fodder 


Sorghum 
Grain 

Fodder 


Sweet potato 

Root 

Fodder 


Philippines 

Early DMR Comp 1 

Muneng 8331 

Suwan 2 

XC .1 

IPB Var 2 

IPB Var 1 


Early Thai Comp 
Comayagua 8130
 

CS 116 

CS 137 

CS 110 


ICSV 126 


ICSV 137 

ICSV 138 


G 50-1A
 
G 454-23A
 
V 10-95
 

G 449-6
 

G 525R-2 
G 207-37A 

TIailand 

Early Comp 1 

Muneng 8331 

XC -1 

Early Thai Comp 

IPB Var 2 


Comayagua 8130 


ICSV 159 

ICSV 163 

ICSV 126 


DK4 


Uthong 1 

ICSV 138 


Varietic s,
 

Burma 
 Vietnam Sri Lanka 
 Indonesia
 

>
 

Ranjuna 
Show 1
 
Comayagua 8130
 
Muneng 8331
 
Early Thai Comp 
IFB Var 2 

-= 

Showa 1
 

ICSV 163
 
ICSV 126
 
CSH 5
 

ICSV 138
 

DK 64
 
CSH 5
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(irrigated) and Joydebpur (irrigated and rainfed diverse data generated in the farming systems 
lowland). Trials in China (including Taiwan) were research program, and the different types of 
irrigated. Long-term trials in China use cropping data analysis and data utilization by the four 
pattern rotations. In India, collaboration on client grouns-researchers, extension technicians, 
integrated production trials in irrigated areas has farmers, and policymakers. 
been conducted at 14 institutions since 1985. All To help ARFSN cooperators manage theirdata: 
trials are conducted for at least 3yr. 0 	We designed, and started developing, a 

generalized data management system that can 
cope with the data r-quirements of each 

DATA MANAGEMENT FOR ON-FARM TRIALS 	 cooperator and also achieve data compati-
Statistics Department 	 bility. 

9 We tested the applicability and feasibility of 
An important component of the farming systems the system in the Philippines' nationwide 
approach ison-farm trials designed to compare the network of on-farm trials. 
most promising (experiment station-developed) 0 We initiated a study to strengthen the 
technology with farmers' practices. A major bottle- methodology for on-farm trials, design test 
neck is the lack of efficient data management technology, and identify extrapolations/ 
systems that can cope with the large volume of recommendations for the test technology. 
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COUNTRY REPORTS 

Various departments 

Below are brief reviews of IRRI's collaborative 
work with various national programs. They are 
followcd by examples of the range of research 
activities undertaken. Other collaborative projects 
are discussed earlier in this Annual report under 
the various program areas. 

Bangladesh. IRRI and the Bangladesh Rice 
Research Institute (BRRI) have cooperated in 
carrying out rice research since BRRI was founded 
in 1973. This relationship was formalized with the 
establishment of the BRRI-IRRI Rice Research 
and Training Project in December 1975 with funds 
from the Ford Foundation and the Australian and 
Canadian Governments, which continued until 
December 1987. Throughout the project, the 
overall goal was to increase rice production to 
make Bangladesh self-sufficient in rice. 

In addition tc, general collaborative research 
activities in varietal improvement and rice crop 
management, more specific joint efforts have been 
initiated through special projects dealing with rice 
quality, botanical pest control, differential impact 
studies, and Prosperity Through Rice. Additional 
funds have been made available hrough these 
projects to facilitate research .,id encourage 
collaboration among IRRI, 8:2 XI, and other 
national agricultural research institutes. Also, 
intensive collaborative efforts have been made to 
study the impact of rice farmiog systems research 
at two sites where BRRI hay can ied out either site 
research or inultilocation testing with the Bang-
ladesh Department of Agricultural Extension. 
This study ismonitoring all income and expendi-
tures and all crop production activities, and will 
provide insight into the benefits families have 
received from adopting new technologies. An 
important side benefit of the project has been ,o 
increase the computer proficiency of BRRI 
scientists. 

Bhutan. Collaboration with the Bhutan Depart-
ment of Agriculture continued during 1987. Most 
progress continues to be made in tile medium 
al le zone (1,000-1,500 in), where 1R36 and 
more recently IR64 have shown excellent adapta-
tion. During 1987, 250 farmers in Punakha and 50 
in Wangdiphodranggrew lR36. In 10 farmers'field 

evaluations with farmyard manure as the only 

fertilizer, IR64 yielded 4.7 t grain/ ha and 9.5 t fresh 
straw/ha, whereas local varieties yielded 4.0 t 
grain/ha and 10.7 t fresh straw/ha. With the 
addition of 35 kg N/ha as topdressing, IR64 
produced 5.7 t grain/ha and 11.9 t fresh straw/ha. 
On the basis of these and previous vears'data, IR64 
is to be released and recommended to farmers in 
1988. 

In the lower altitudes of southern Bhutan, IRRI 
focused on strengthening the research capability of 
the Bhur Farm, a substation of the Center for 
Agricultural Research and Development (CARD). 
Two lines continue to stand out: BR153-2B-10-1-3 
and BG379-20. The former will be released for 
southern Bhutan in 1988. 

A major constrai'nt to production in southern 
Bhutan is poo)r soil fertility. Trials in 1987 
confirmed the potential of Sesbania bispinosaas a 
green manure (GM) crop. 

Varietal improvement in the high altitude areas 
(>2,000 m) isbased mainly on our shuttle breeding 
program, which isdesigned to improve traditional 
cold-tolerant varieties. At IRRI, popular local 
varieties from Bhutan were hybridized with 
selected IR varieties with high yielding ability and 
pest and disease resistance. Forty-eight F2 popula
tions were sent to Bhutan for evaluation. Of these, 
14 were evaluated by CARD at Wangdiphodrang, 
representing medium altitudes, and 34 at the 
Simthoka Farm near Thimphu, representing high 
altitudes. 

Of the populations planted at medium altitudes, 
five were mass-selected and brought to IRRI for 
rapid generation advance. Desirable genotypes in 
populations planted at high altitudes were ex
tremely few. They were selected for a pedigree 
nursery. 

IRRI produced more breeding material for the 
program, taking into consideration the japonica 
nature of Bhutanese varieties. We also considered 
the possibility of reducing the growth duration of 
medium-altitude varieties with the long-term 
objective of obtaining two rice crops, or at least a 
main crop and a ratoon, during aseason. 

Preliminary experiments at CARD and iii 
farmers' fields during 1987 indicated that 2 rice 
crops are feasible under selected conditions; 
combined yields of more than I I t/ha were 
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obtained. In I trial, the ratoon crop of No. I I Table 1. Rice varieties recommended for release in Burma 
yielded more than 4 t/ha, and the main crop in 1987. Agricultural Research Institute (ARI), Rice Divi. 

sion, et88.yielded 6.6 t/ ha. Varietyrgnlna 
eO iiThe IRRI Agricultural Economics )epartment, Ilocal name) Origina name Origin

in cooperation with the Bhutan Department of' Lowland environment 
Agriculture, conducted a baseline susrvey in the Thepdat 4 IR18269 Yn 5 IRRI 
Punakha and Wangdiphodrang valleys in late 1987 Theedat 5 Yan 63-1 ARI crosses 

(Burma)to identify constraints to and opport unities for Sin-Ekari 5 IR18048 Yn 5 IRRI
 
intensifying rice-based farming systems. Analysis Sin-Ekari 6 IR18048 Yn 15 IRRI
 
of the survey data, to be completed by the end of Upland environment 
March 1988, will serve as a basis for measuring the Yar 8 Yn 92-17 ARI crosses 

(Burma)impact of Bhutan's mCdium-altitude rice develop- Taung baw saba (Burmese traditional) Burma
 
ment program. war
 

The IRkRI-Bhutau 
 Rice Farming Systins Deepwater environment
 
Project held its work plan meeting for 1988 in Yeret 8 BKNFR76023 Thailand
 
December 1987. Aside from a continuation of 
 (throughIRTP)
research and training activities, the main emphasis Cold environment 
in 1988 will be on the development of a Bhutan Ahyekhan-1 IR8845-10.3-3 IRRI
 
National Rice Program. (through
 

Burma. IRTP)
The Burma-IRRI Farming Systems Ahyekhan.2 IR13155-60-3.1.2.1 IRRI
 
(BIFS) Project, begun in 1986, isthe offshoot of a 
 (through

memorandum of agreement on technical and IRTP)
Saline environment 
scientific coopera, ion between the Agriculture Sagankhan-4 X-73-12-7 ARI crosses 
Corporation (Burma) and IRRI signed on 7 Jan (Burma)
1977. BIFS is funded by the Canadian Inter
national Development Agency (CIDA). Its com
ponents are research on rice farming systems, Fertility and Sustainable Rice Farming(INSURF)
varietal improvement of crops in rice farming trials and 27 International Rice Testing Program 
systems, small-scale mechanization implements (IRTP) nurseries for 1987; arranged the translation 
supportive of rice farm, ig in Burma, and man- into Burmese of 3 IRRI technical books; and 
power development of Burmese scientists. concentrated on improving animal-drawn farm 

As of December 1987, BIFS had arranged, implements like the plow, knife harrows, crop
through IRRI, for nondegree training for 8 seeders, and manual water pumps. IRRI has a 
Burmese scientists and for degree training for 8 MS farming systems agronomist in residence in Burma 
and 2 Ph 1)scholars, and it had sent 9 Burmese to oversee all BIFS and IRRI global research in the 
scientists on study tours and to scientific con- country. 
ferences. In close collaboration with more than 60 Caribbean. [he Caribbean Rice Improvement
Burmese scientists and extension workers, BIFS Network (CRIN) is sponsored by the Centro 
maintained its research activities on rice farming Internacional de Agricultura Tropical (CIAT) with 
systems and crop varietal improvement at 24 sites funding from CIDA and the United Nations 
and research stations spread throughout Burma. Development Programme through IRTP. The 
B I FS has so far identified 9 new cropping patterns Secretary ofState of Agriculture of the Dominican 
as promising at 6 sites; demonstrated Sesbania Republic(SEA) provides support facilities, and the 
rostrafa as an effective GM for rice production; Interamerican Institute for Cooperation on Agri
popularized the use of single-work animals in place culture in Santo Domingo provides communica
of double-work animals in rice farming; initiated tion facilities. CRIN started its activities in 
research in crop - livestock patterns; released 10 February 1986. Its headquarters isin the Centro de 
nc,% rice selections for 5 environments (Table 1); Invcstigaciones Arroceras (CEDIA) in Juma,
arranged for 9 International Network on Soil Bonao, 90 km north of Santo Domingo. Partici
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pating countries are Belize, Cuba, Dominican 
Republic, (iuyana, Haiti, .Imaica. Triidad and 
Iobago. and Surinlam. lie primary purpose of the 
net,,ork 'i.,to strenliIhen the capilbilitics ol nattioneal 
rice plograls to inc rCasc prodtoction aad 
productvit\'. 

I:ro1 nl1rSCrics ilt IOdiice(l ho1i11 RI and 
CIA'] and e\aluatld i llc.'sCond hll1 I1986, 188 
promising entrie,, wer' sictcd and included ii all 
obserxational nurscr'v for 5 ecos\stens 3 irriga-
ted. I rainfled, ind I upland and distributcd to 
cooperators in March 1987. In 1987, 214 entries 
%%erc,;clted from various nurseries received from 
CIAF arid IRRI, including911 entries for distribu-
tion in March 1988. Among the 214 entries, 46 
combine good plant type, tolerance for Fe toxicity, 
resitance to fungus diseases and hoja blanca virus, 
good grain quality, and high yield potential. 
Another 47 entries combine earliness (1 10-120 d) 
with good plant type. resistance to fungus diseases, 
and good yield potential. Also, 21 entries have 
good grain quality and salinity tolerance, 

A package was developed to transfer available 
technology to rice farmers of the Dominican 
Republic. This project is aimed at controlling red 
rice. reducing product:,-' costs, and increasing 
prod utivity. 

The project includes I)r, 'certiliation withI100 
kg: ha in a split application I '3 basal, 13 at 
tillering, and I 3 at panicle initiation; 2) wccd 
control with oxyfluorfen at 0.74 kg ai ha; 3) insect 
control with 15 kg carbofjurai, ha, basally applied; 
and 4) ,ced density 80 kg ha for direct pre-
germinated seed, 30 kg' ha for mechanized trans-
planting at 4-5 seedlings hill. and 50 kg/ ha for 
mechanized transplanting at 5-8 seedlings/ hill. The 
results of this project conducted at CEDIA 
indicated that, with direct seeding, costs were 
reCloWed 22/(, and net returns were increased 213(,,i 
as c:,mpared with manual transplanting using 
farmers'technology. Also, costs were reduced 19%, 
and net returns were increased 192( with me-
chanical transplanting and 140'j, with 30-50 kg 
seed ha. This project isnow being demonstrated in 
farmers'fields of die Instituto Agrario I)oninicano 
in FBonao. It is being conducted by the Rice 
Extension l)epartmcit of SEA with technical 
assistance from CRIN. 

Three scientists from CI. )IA underwent special 
training at CIAT in tbasic seed production, seed 

certification, and laboratory analysis under the 
,uidance of' the CIAT Seed Unit. Four scientists 
from Cuba trained at CIAT in tile evaluation and 
selection of' breeding iaterial, bhiotechnology, plant 
patholog\., and entomology. The National Rice 
Training ('enter of SEA and(CRIN organized an 
intlnsive course (I .lun-31 il 1987) on Research 
l ad] Production of' Irrigated Rice. Fifteen agro
noinisis from the Dominican Republic, 2 from 
Haiti, and 2 from Cuba participated. The bulletin 
Rice in itw Caribbwanwas created t' r publication 
in Spanish and English. The first issue was edited 
and distributed to cooperators in June 1987. Also, 
the proceedings of the first meeting of the Technical 
Advisory Committee, held 1-2 Dec 1986, were 
edited and distributed to cooperators in November 
1987. 

The lack ofsnmall machines for land preparation, 
seeding, harvesting, and threshing is one of the 
main constraints on small rice farmers in Belize, 
Dominican Republic, Haiti,.Jamaica, and Trinidad 
and Tobago. Fo solve this problem, CRIN intro
duced from IRRI the TH-8 axial-flow thresher, 
I-i reaper, and P-3 power tiller. These machines 
were tested at CEDIA and in farmers' fields with 
excellent results. Rice farmers invited to observe 
the performance of the equipment indicated that 
these machines are what they need for their small 
holdings. All information and IRRI designs were 
provided to SEA, and an agreement was made for 
local production. 

China. Although IRRI has collaborative work 
with other Chinese institutions like the Chinese 
Academy of Agricultural Mechanization Sciences, 
Academia Sinica, 10 Provincial Academies of 
Agricultural Sciences, and 5 Agricultural Univer
sities, the Chinese Academy of Agricultural 
Sciences (CAAS) remains the focal point of IRRI-
China collaboration. CAAS is the forum for 
discussion and coordination of IRRI's activities in 
China. It is the lead agency in holding annual 
planning meetings. And all requests from Chinese 
research institutions For training grants or scholar
ships for graduate work pass through CAAS for 
discussion and decision. 

Collaborative research and training activities in 
1987 covered the following areas: 

0 network activities: IRTP, INS URF, Asian 
Rice Farming Systems Network; 

* rice gerinplasm resources; 
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" hybrid rice: cold and salinity and in hydromorphic rice areas. 
• shuttle breeding; Twelve field experiments including five IIRTPI
* tissue Culture, Africa nuriseries, four IRTI-global nurseries, and 
* a/olkia researic h, three agronomic trials were conducted at the 
" e\altlation of 1)so)UCS; Sokoine University of Agriculttire campus,
" bacterial blight (lilt) and sheath blight, Morogoro, during the year, making use of' the 
* pest cointrol: and University's facilities and stal support. SomC oh 
" training allocation for graduate degrees. the entries that had higher grain vic!is and better 
Seiciitists fron cotIrIIies have participate(In eoFFn' phenotypic acceptability in Morogoro are listed in 

in China-I R I-spoisored training cOLUSe in tissue Table 2.
 
culture, at'olla, hybrid rice, and other fields. One of
 
the ohccisus ol IR RI's training program is to help 
 Table 2. Promising entries in IRTP nurseries, Morogoro,
strengthen local iesearch capacitis. IRRI accelera- Tanzanii, 1987. 
led its training prograll in China to achieve a International Rainfed Rice Shallow Water
 
crilical imas, io, st'I scientllists wvho will be Observational Nursery (IRRSWON), 1987
Early duration: CN834-1-2-1-9, IR46, IR31429-14-2.3,iimi\ked i sCrious researchl Collaboration with IR134237-20-4E.P1, IR29341-41-1,
 
IR I I 1R R I scientists coniducted short-term train-
 IR31429-20-2-3 
ing at the (China National Rice Research Institute Medium duration: CN213-1002, IRAT1 16, ITA231,

Xiang Chou V, 915-A (Affa Kilombero/((NRRI) Ior traincs of' (NRRI and other rice IR1746), IR25924-92-1-3, RP1017
research inslitutionls. lhe lecttures in English 
were 169-1-14, IR33356-14-3-1-3, 177-D
 
selt[ in advance so that they could 
 be translated International Rainfed Rice Shallow Water 
into Chinese and given to the trainees fr"study. Yield Nursery (IRRSWYN), 1987

IR26933-16-2-3, IR31429-14-2-3,ThIus. IR46, CR213-1002,the leccttirc period became a discussion IR8073-65-6-1 -1E-P2, Ratna
 
period "here ideas were exchanged]. International Rice Cold Tolerance Nursery


East Africa. Although rice is not anFimportant (IRCTN), 1987
 
food in most East African count,'ies except HPU741, JKAU(K)450-126-10, IKAU(K)450-172-6,
Tanzan a. there is considerable scope in the region B4070C-kn-79-31, B4138C-kn-3-0-0-5, 84448D-14-S,B4574B-SR4, IF113105-60-30-3-1-2-1, IR13155-60-3for bringing more area tinder hydronmorphic rice 1-1, IR22006-P12-12-2-2, Eadirose, H408-85, AkyLJaka, 
with %aryingdepths of',ater table. Although many IRI 346 
if the Countries have been participating in rice International Upland Rice Observational Nursery 

(IURON), 1987varietal testing programs since 1965, the launching BG367-7, RP1140-28-3-3-6, RR51-1, CR222-MN 10,
of IRT[I during the mid-1970s systematized and BG621-1, RP1670-1418, Kalakari (Acc 53347), IRAT112 
niproved the testing procedures considerably. African Irrigated Rice Advanced Variety Trial
 
I RIP is IR R l's single largest activity in Africa and (A IRA VT), 1985
 
is implemented in collaboration with the Inter- Karin, ITA212, ITA234, IR54, EIT6279, BG9O-2, IR46
national ItueAfrican Irrigated Rice Yield Trialat aInstituteof Tropical Agriculture (1ITA), (AIR YT), 1985 selected varieties 
the West Africa Rice Development Association IR46, IR58, BG90-2, FARO-15, ITA306 
(WARDA), and national rice research programs. African Irrigated Rice Observational Nursery (A IRON), 
Based on the recommendations of two IRRI 1986 
missions on rice research and production in East Farox 228-3-1-1, Katrin. IR13603-30-10-P1, 1R21015-803-3-3-1-2, TKM9, ITA123, Farox 233-1-1-3, HPU741,and West Africa in September 1985, the Regional IR18348-36-3-3, Si-Pi 692033, TOXS94-28-201-1-2, 
Coordination Unit for East, Central, and Southern ITA222 
Africa becanie operational in .JulIy 1986 with Second African Upland Rice Observational Nursery

(AURON), 1986headquarters in Morogoro, Tanzania. BAU-180-61-18, IRAT109, IRAT110, IRAT142, 
Oi 244 IRTIP-Africa nurseries distributed IR12979-24-1, P1332-3-8M-1-1-B, TOX1757-1-7-201-1, 

through I ITA during 1987, 80 were allocated to the 11292 and 11365, BG29928-T6-73-4.2.3, IRAT133,IRAT141, IRAT144, ITA150, Seratus malaum, WabriFast, Central, and Southern African countries in Wabis 581 
7, 

the network (see the IRTP section). Additionally, a African Upland Rice Advanced Variety Trial 
f'ew IRTP-global nurseries were received directly (AURA VT), 1985 
from I R R I for testing at specific stress locations for ITA235, ISA6, OS6, ITA305 

http:IR134237-20-4E.P1
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East Africa continued to send candidates for 
specialized nondegree and degree training pro-
grams at IRRI. Table 3 shows the number of 
participants who have trained at IRRI since 1972. 
A 2-wk Rice Production Training Program for 24 
officer trainees from research stations, training 
institutes, and extension and irrigation projects in 
Tanzania was conducted at the Institute of Con-
tinuing Education, Sokoine University, in Sep-
tember 1987. 

Egypt. The Egyptian Ministry of Agriculture 
and the United States Agency for International 
Development (USAID) agreed that the Rice 
Research and Training Center (RRTC) in Sakha 
should collaborate more closely with IRRI, and 
thus entered into a contract with IRRI under the 
umbrella of the National Agricultural Research 
Project. The contract was signed 23 Feb 1987, to 
become functional I yr later. It covers two main 
components: research and training. Seven objec-
tives are listed in the contract: 

" Under the direction of the Ministry of 
Agriculture Project Director, emphasize the 
research management component of the 
project to make all the new facilities at the 
RRTC completely functional, and coordinate 
the various research and extension programs 
and activities. 

* Give extra support to the iLsearch already 
under way to develop high-yielding, disease-
resistant varieties with improved agronomic 
and quality characteristics, 

* 	De,,lop land-intensive and water use-efficient 
rice farming systems for the New Valley. 

" Develop techniques for growing deepwater 
rice (DWR) on the shores of Lake Nasser. 

" Establish appropriate relationships with the 
Egyptian seed industry and facilitate use of the 
new seed multiplication facilities at the R RTC. 

* 	Help transfer new technology packages to 
farmers. 

" Undertake the training requirements needed 
to help meet the above objectives, 

The research component encompasses opera-
tional support for the new facilities in Saklia and 
off-station research trials in Giza, Gommeza, 
Zarzora, and Sirw, as well as on-farm research 
trials and demonstrations. Three full-time int.',-

Table 3. East African participants (no.) in IRRI non
degree training programs, 1962-87. 

Trainees (no.) 
Country 

1962- June Total 
May 1985 1985-1987 

Tanzania 7 13 20 
Kenya
Sudan
Ethiopia 

5 
6
3 

1 
1
3 

6 
7
6 

Somalia 1 0 1 
Uganda
Malawi 
Botswana 

1 
0 
0 

0 
1 
1 

1 
1 
1 

Zambia 0 1 1 
Total 23 21 44 

national scientists will help facilitate research 
management, plant breeding, and plant pathology 
research. The latter two experts are to concentrate 
on the breeding program aimed at finding genetic 
resistance to blast (BI). Short-term visits by inter
national scientists, mostly from IRRI, are aimed at 
encouraging research collaboration within each of 
the eight research programs at the RRTC. 

The major research effort concentrates on 
developing high-yielding, nonlodging, relatively 
early varieties with improved levels of resistance to 
BI and stem borers. A separate program con
centrates on salinity tolerance. !n both cases, 
screening for improved grain quality is a top 
priority. Another program covers screening for a 
high-quality, slender-grain variety suitable for 
capturing more export trade while at the same time 
maintaining lodging and BI resistance. Short
duration varieties are being selected and tried in 
different rice-based cropping systems for com
parison with medium-duration rice planted in the 
major rice season. Two short-duration rice crops 
planted in succession have so far yielded lower than 
one main crop. Also, prospects for hybrid rice are 
being examined. 

New crop management practices are being 
developed for short-straw, dwarf varieties. Various 
rice-based cropping systems are being tested to 
select the most remunerative. Various water 
regimes and fertilizer practices are being tested to 
increase the efficient use of these resources. 
Appropriate agronomic practices are being devt
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oped for rice grown ol problem soils, mostly grown and evaluated at IRRI during October
saline. March, allowing two generations per year to be 

Research continues to seek improvements in processed and decreasing variety development
existing weed control methods, mostly based on time by half. The Il nursery at IRRI is also used.
flooding; herbicides arc being tested to find Rice f'om Egypt has been tested around the 
effective and economical chemical control of world by IRTP, and rice varieties from around the
persistent weeds. Methods of weed control worldfor have been evaluated in Egypt. Data on
mechanically transplanted and direct seeded rice promising varieties are obtained from both national 
are being developed. and international trials, thus identifying the 

A disease survey was coadtucted and will bedone varieties with the widest adaptive nature and
yearly to assess the severity of 131and brown spot, screening for tlL widest range of possible pest and 
the two major diseases, and to check for the disease resistance. 
occurrence of any new diseases. Specimens are The training component of the contract consists
collcctcd, and 131races are isolated and identified of overseas fellowships for Ph D candidates,
using international differential varieties in a postdoctoral fellowships at IRRI, practical training 
nursery. The level of resistance of breeding material at IRRI in short couses, training in research
is evaluated in a IIl nursery. The relationships management, and funds for attendingconferences.
between N fertilizer practices and rice BI and At the root of all training is the continual need for 
brown spot are being studied. Systemic and pro- improvement in the English language, with training
tective fungicides are being investigated. Yield loss being conducted at the University of Cairo.
estimates are being made from various levels of India. The Indian Council of Agricultural
disease. And epidemiological studies are being Research (ICAR)-lRRI collaborative program was
conducted, established in 1974 to undertake joint research in

Entomologists are collaborating with plant the collection and exchange of germplasm, ex
breeders to develop varieties showing resistance to change and evaluation of breeding material, study
the stem borer. Effective and economical chemical of diseases and insect biotypes, and crop produc
control of the stcm borer and bloodworm is being tion; and to participate jointly in workshops,
tested. Host, pest, and pest parasite interrelation- symposia, and training programs.
ships are being studied, along with the surveillance Two ICAR-IRRI projects for the development
of all major rice pests. Methods of crop loss of rainfed rice in Eastern India, funded by the 
estimatio:, are being studied. Asian Development Bank and the International 

Farm machinery is being developed to help the Fund for Agricultural Development, were initiated 
small farmer work faster and more easily. Farmers during 1987: Pest Management in Deepwater Rice 
are being trained in operating and maintaining this and Development of Rainfed Rice Production in 
equipment. Local manufacturers are given tech- East India. Logistic and collaborative arrange
nical assistance to fabricate the new improved ments were made with ICAR and cooperating
machines. institutions. The research program is being carried 

Researchers and extension agents work together out jointly by Indian and IRRI scientists. 
to expose farmers to new varieties and improved Major achievements of the DWR project during
production techniques. On-fiarm trials evaluate 1987 were the mapping of deepwater areas in East 
new varieties and their associated technologies India; detailed studies of the population dynamics
under farmer's field conditions of varyingsoil types of main study rice fishpests; of the - culture 
•.!nd water regimes. Researchers train extension ecology; a training program with networking in
workers in tlhe improved production technology Thailand, Bangladesh, Vietnam, Kampuchea, and 
and expose them to on-farm research demonstra- Indonesia; and an ifra monitoring tour.
tions and field days. The project on the development of rice produc-

Breeding material and during in areasgrown tested tion rainfed of Eastern India is being
May-September Egyptian can in 4 IIin the Delta be carried out lead centers and associate 
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centers with the cooperation of more than 1,500 
farmers through on-l'arn trials. The centers 
represent specific agroccologi,al environments: 
rainfed upland, raint'ed shallow, flood-prone, and 
deepwater. 

Indonesia. Nck collaborative projects with IRRI 
Include Prosperity lhrou gh Rice Phase 2, an 
imnpa.ct stIudy of the cropping systems program in 
Indonesia, initial de\elopncnt of a Regional 
('enter for Breeding Improved Rice Varieties for 
Peat Soils, and Agency for Agricultural Research 
and Development (AAIRI))-lIR RI-International 
Irrigation Mianagemcnt Instiute(IIMl)collabora-
tion in irrigation management for palawja crops. 

In 1987, 43 IRRI staff visited Indonesia under 
the AA R )-IR RI collaborative research program. 
In addition to the usual network programs, 
particular attention wits focused on rice tungro 
virus, Prosperity Through Rice Phase 2, food 
demand, supply prospects and rice policy, agri-
cultural cngineering, anJ I I IM-IRRI collaborative 
activities with AA RI). 

Assistance was given to ti e Central Research 
Institute for Food Crops to provide international 
training in rice production, now that the course is 
no longer offered by I R RI, in the form of coordina-
tion among AARD, Malaysia, and Brunei. The 
second course was conducted from 15 Jlun to 6 Jul 
in Bogor for six participants from Malaysia and 
Brunei. I R RI provided the training materials. 

Kampuchea. The Australian (overnment pro-
vided IRRI with Ia grant to initiate a program of 
cooperation and assistance in KimLpucheai during 
1987. Under the program, a consultant agronomist 
was appointed for a 6-moo period. In addition, I I 
IRRI scientists, including the Director General, 
made a total of 14 consultativC visits during 1987. 
As a result of these efforts and the fuIll support of 
the Kampuchean Government, significant progress 
was made ii agronomic research, research priority 
assessment, human resource development, and 
translation and publication. 

With the involvement of IRIRI at the research 
planning stage in 1987, the major problems con-
fronting rice production iri Karnpuchea were 
addressed. After discussions with researchers, 
appropriate experiments in varietal evaluation, 
fert ili/er use, cropping systeis, weed control in 
DWR, and environmental classification were 
designed. 

A wide range of genetic material wits described 
and documented for loture breeding and selection. 
Some traditional lines have been sent to the I R RI 
germplasm bank, and the remaining varieties will 
be sent after their phenotypic characteristics have 
been recorded. Although grain yield was deter
mined, it is mainly plant type that the IRRI plant 
breeders and local agronomists are observing. In 
subsequent seasons, replicated yield trials will 
attempt to match varieties with specific rice 
environments. 

To determine the response of rainfed lowland 
rice to N, P, and K application with optimum 
water supply or occasional flooding, a factorial 
combination of 5 N rates and 3 P rates plus a 
COlparison of urea supergranules (USG) and 
prilled urea as the N source was used with frans
planted IR42 at 2 sites. In addition, the need for K 
was assessed at both sites, while the effect of locally 
produced rock phosphate was tested at one. Very 
high yields obtained f'rom the zero-N and -P 
treatments indicated that the fertility of the research 
station soils is much greater than that of irmers' 
soils. This might explain the relatively poor 
response to fertilizer, Suggesting that ayield plateau 
is being approached. This might also explain the 
variable response to USG and the apparently good 
response to rock phosphate. 

To develop improved rice-based cropping 
systems differing in cropping intensity and legume 
components and to comprm them with the 
traditional rice monocrop of the raint'ed lowlands, 
eight rainfed cropping systems, consisting of one to 
three crops per season with lcgumu.s planted before 
and/or after rice, were established in Prey Fhdau 
and )ay Eth. In i)ay Eth, the legumes preceding 
ie rice crop grew very well, but in "rey Pldau, dry 

conditions resulted in stunted growth. The different 
rice varieties and planting methods wet seeded, 
dry seeded, and transplanted all did well in Day 
Eth, but at year's end only the dry ,Leded rice had 
been harvested, yielding 1.5 t/Ia, a creditable 
performance considering the season. Ini Prey 
Phdau, only the tran,;planted crops survived tie 
drought, indicating. aieed for direct seeding. Early 
seasoi plantiigs of sesbania, mungbcan. ard 
cowpca pcrl'ornied well. 

An econoriist and anmanthropologist visited 
Karnpuche:t in November 1987 to identi' priority 
areas for the IR IZ,-Kampuchica Pro.ject. The team 
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sas allowed access both to farming communities 
and to tinublished national and rcgiolal dita 
troni the Ministry of Agricultureand :hus obtained 
an idea oft he constraints to output growth at both 

lie farlev-l and the inacroevel. 
A ,pcil rice production courseof. 13 Kaln-


puchCarl agricultural otficcrs \was conductCd at 

I R RI. 3 Aug-l I I )cc 1987. lIle practical course 

pro\ided trai'lecs \\ith the basic skills of, mIlodcrnl 

rice prod1ctt0n. Ill add ition, the trailees iiunderwclut 

intcnsl\( In lish :lrilriatgc instruct on. 


Ifn thousand cop is of the Khrier language 

edition of icTh/ ,I),//h'n.t \kcrctrop)icail ri,' 
priitcd ill Mantila \with financial assistance from 

the Nicinonlitc ('entral Coltmittec, and distrilbu-
tion h\ the Ka.'ueieaul "Oinistr\ of .\ricolturc 
taai bcgull. I ranslatiot of ,-I :firtlrm'priu'r +oll 
, 1i- \,d" co;lilletd, and transltio of'rieC 

lit/Ih,) in ftt.,.Vqt 1 ~rI.atilwiiogt!('iswas begun. 
Korea. The Kor,-a-RRIR Collaborative Project 

\s lorrnali ed in 1977, allthough iniornial col-
laboratilin begin inl 1962. The collair' ition 
het\seccn the RIual I)evelopment Administration 
ct Korea ant IRRI initially includled rice cold 
tlcrancn, sed multiplication and generation
advlnvicencnt of breeding material, mnd basic 

studic', ,n discase ind pcst problems. Subsequently 
intc, ,t,d \\crc iniov:itivc breeding nethods such as 
iithcr culture and hbiid rice, :ils, multiple 

ciplpin:,, and Prosperity Through Rice. Training 
and the exchingc olf scientists are integral parts of 
lhe colliboration. Planning sessions are held 
alnuaillv to discuss the research resuilts, experi-
hlcnts to he condlcted, and priorities. Seed 
multiplication and genc,ation advancement of 
hrccdi;iimaterial at HRI, and most of the 
collaboratis\ ecxpcrinicris are funded 'v Korean 
dtlroations. Rcselts of the 1987 collatoration are 
rep,,rtcd in \ ariou, sections ol this Annual report. 

Laos. In March 1987, IRRI fielded its first 
ii ission to the illt Pe lc's l)emocratic Republic. 
I lie I R RI icain concluded !hat a co i)perativc 
ctlirtri\ project with laos Should locus in the 
dc\clh)p ruelnl 0f1 IM-cost t, h nolocics for I ios' 
Ilain riec-groin clironments. \kih the corm-

llntiliC ry dcl\clpmnlcl' of Lao in,'hlatin resouces 
dtl\ otcl to rice eSCilch 1ld j;1I tiduction. 

A nicrilor'indtlull Of U:ildcrStindirlr betweecn 
IRRI aind litc I it (it\crirnlc,ll was finali,/cd and 
,igrncrd in ;)cccrnrbcr 19S7. I *nder tihi, iigreenrernr, 
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IRRI will seek donor support to prepare and 
initiate a long-term progra.u 0! coopt.ratioli with 
laos in rice research and hun1n resource 
desclopelcnt. 

Madagascar. 'IRe g tal of the M adagascar-I R RI 
Rice Research ProIeci is to assist in increasing rice 
production by Strengthening the rcsearch apabili
tics of Madagascar's National (Center fOr Applied 
Research on Rural I)evelopincn (FOFIFA). This 
will be iccomipiishcd by improving the profes
sional skills of )IFFA researchers, ireasing 
FOFIFA's institutional capacity, '.nd condu,.ting 

relevant research on rice and rice-based cropping 
systclms. 

Five short-telm outptit., have 1'cen identified as 
attainable during the project: 

• 	 introduction and testing t' rice geraplasm 
from national and international centers for 
d:.daptahility to rr'gated and upiand 

conditions; selection of pure varieties within 
the exis.ing collcction of germp!asin adaptable 
to irritated and upland conditions, 

0 	developnment of a ,,yslci for the exchange of 
information between IIRI and the Malagasy 
rice research institUtion: 

• 	completionofacotrywide research stategy 

plan for long-teri development of the rice 
research institution; 

* 	training personnel for the ,;ce research 
institution; and 

* 	undertaking on-farm research within a farm
ing ststems context. 

Seven FOFIFA researchers and one agricultural 
engineer frein the Ministry of Agric:ulture received 
training during 1987. At year's end, a total if 25 
FOF!F,and I Ministrystaff had received training 
under tile project. Many of the training candidates 
were weak in English listening comprehension and 
conver'iation. Whenever possible, these candidates 
were enrolled in English language courses in 
Antanaiarivo. Additionally, IRRI arranged for 
candidites to undertake 2 wk of intensive English 

languaige training in Manila. This Erglish language 
training has been excellent, and graduates have not 
experienced great IlngLage difficultics at I RRI. In 

av. tile IRRI Agricultural F.cononics l)epart
nicr condlctCd ai trainigi Course in sta'istics and 
tcom11puter applications in socioccilonlics for 
Departmenrt de Recherche I)c\Cloppnlent stafl: 
this forial training \was l'ollt,'wed by on-.ie-job 



training tlhrcugh analysis of data gathered from a 

farming systems diagc.,tic survey. In September, 
tile RI Statisti':s I)epartment conducted statis-I1, 
ticsa ,dcomputer training for 12 agronomists. The 

project funded 13 FOFl[Ascientists and the liead 
of t01' Quarantine Service of the Ministry of 

Agriculture to participate i various coiferences. 
Ihe alzricultural dehJVopnInt prograill of the 

Malagasy Lutheran Church translated and printed 

10,000 copies o tihe Malagasy edition of 'i amners 
i)rimfr on grouin, rice. The translation had been 

reie\cd hv F()FIFA agronomnists. [he project 
also arranged for the printing of2,00l copies of the 

Malfagasy translatioll of Ici'I/Jnro/h'les of'Iropical 
rice. A FOFIFA scientist completed the French 

field exl'rifl ,lIilstrans!iitlon of ij'clniqiti's .IfOr 
rice,"ith 


IRRI made 82 crosses between Malagasy and 
elite Introduced materiails. These materials will be 

Urowvn out in 198. 
Malaysia. The firs, Malaysian Agricutltural 

Rcscarch and )evclopnent Institule (MARDI))-
IRRI collaborative research planning meeting was 

held in Penang,29 Mar-I Apr, attended by eight 
MARI)! statf' and fotir IRRI staff. Mechani/ed 
rice cuItvat ioM,stimulatcd by the labor shortage as 

VOoLng,.'r people m ,ove imajorout of firmiring, was 
Concern. 

Nepal. In May 1M7,7 the I)irector General of the 

)epartrncI't of Apriculturc visited IRRI for in-

ocpthidiscussions on collaboration between IRRI 

an0 Nepal. At hi, vs itation, IRRI sent a team of 

four scientists to ,;isit the rice research centers and 

rice-gi owing areas of Nepal. The team evaluated 

the tocal rice research and ce clopruent program in 

Nepal, and made suggc,'oions that would strengthin 
rice research and productionl. [hir work "as 

guided by the amibitiois goverrimet goal to 
double rice production by the end of this centurv. 

The team-.l gave detailed attention to those are.1s 
whicie stronger llaboration between Nepal and 

IRRI would bedesiable, with a view tode\,eloping 
aiJoint proposal betweei Nepal and IRRI for a 

cooperative project. 
Phiilippinms. IRRI's collaborative research and 

1lr.iliiing activities With the Philippine (overnnent 

in ol\e llailly the Philippine Rice Research 
Ilstittute (IPhillRice) and the Regional Integrated 

Agricultural Research Systems (RIARS) of the 

I)epartment of Agriculture (I)A). Some projects 
also involve tileUniversity of the Philippines at Los 

BaFios (U PF'Ili),the Bureau of IPlant Industry 
(BP1), and tileNational Irrigation Ad ministration 
(NI A). 

Collahoration bet'\,e'en IRRI and Philippine 

scientists was strengthened with the signing of a 

enleorandurn of undcrs,-inding betcien IRRI 

and PhiRlice on 29 Niay 97. The fi;stlPlilRice-

IRRI Planning Meeting wa held at IRRI on4 .1htin 

1987. Ihe participants proFoscd collaboration il 
varietal ilprovCment, plaIlting and fertili/er 

management, intCgrated pcst mnanlgcniet, rice 

fIarming -ystems, icchani/atioll and postharvest 
tech nology, grain quality and nutrition, social 
science and policy research, and teclnology 

lransFer. 
The International Rice (eiplasm Center 

donated sced of 544 traditional rice varieties to 

Plhil~lice. Seed of'232 varieties fot nd promising in 

acid soils was given by IRRI fir the national 
upland rice breeding program. 

IRRI's long-term experiments at the Maligaya 
Rice Research and Training Center continued in 
1987. Additional experiment., were planned under 

INSU RF. 
PhilRice and IRRI scientists met to discuss 

far miing systems research findings in Guinba, 
Nteva EciJa. Plans for furiher field experimetnts in 

fariingsysters were made, f*r iniplenentation in 

the 198,wet season (WS). 
IRR Ihas worked jointly with BPI in designing 

and testing larm implements and machinery during 

the last decade. USAII) stipport for ;.hisproject 

was terminated ol 30.1 un I 87,but work cont inued 

with the Agricultural Engineering Setion of BPl. 

Two FPhil Rice research assistants participated in 

IRRI's training cour'se on farml'ling svstrlis. In 

addition, 2grcaips underwent ,rc.iroingin Prosperity 
Through Rice, each group consisting of 24 froi 
tile 12 regions f the couLntlrv pli :1fewtraineeA s 

from i lie I)A central oflfice. 
Farmine systemis research in collaboration milh 

R',,.RS or I)A ae roioinists w s conducted in 

tlhlee strateCicl areas: (lVeria, M isailis Oriental 

iaeid Uplld site): Solaia. 'Iugiiegairao, ('agaan 

(drought- alld StlhlllClgcnce-p runc sites): alnd 
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Guimba, Nueva Ecija (irrigated rainfed lowland 0 testing varieties for adaptation to various 
site). The common scope of activities in Claveria ecological conditions; 
and Solana included 0 breeding high-yielding varieies with good

* 	rice and upland crop cultivar evaluation: grain quality, tolerance for low temperature
* 	soil fertility management, including green and salinity, and resistance to pests and 

mani .'s; diseases; and 
* 	insect md disease mana!,cment; and 0 studyiiig jice blast caused by Pivricularia 
* cecd management. oryze1c. 

An important study in Claveria concerned contour The collaboration will be carried out on tie basis of 
hedgerow iarming systems, and one in Solana dealt annual worknir plans to include 
with surface drainage studies on prerice crops. 6 exchange of scientists; 

Many IRR I departments (Agronomy, Entomol- 0 lectures, consultations, and symposia; 
ogy, Plant Pathology, Multiple Cropping, Water 0 coordinated projects;

Management, Soi!s, Agricultural fconomics, and 0 exchange of materia!s and information;
 
Agricultural E-ngincering), along with DA and 0 exchange of breeding material; and
 
NIA, arc involvcd in research in Guimba. There are 0 exchange of trainees.
 
two major rice environments in the area: the Thailand.The IRRI Bangkok office, located l
 
decpwcll pump-irrigated ric environment and the 
 the Rice Research Institute of the Department of 
rainfcd favorable hwland rice environment. Agriculture, provides administrative surort for 

Crop - animaal "arttin ,systems research isbeing co!!aborative projects, and regional suppo - )rthe 
conducted in collaboration with the A and the Indochir,: Project because of its convenie,.t links 
Institute of Animal Science of UPLB.The impor- with Kampuchea, Laos, and V:etnam. It also 
tant sites outside of UI'LB are Santa Barbara in provides joint administrative services for CIAT,
Pangasmnan, and 1 ,ieccMartires in Cavite. Results Centro Internacional de Mejoramiento de Maiz y 
of the IYX7 research show that gross income was Trigo, and Centro Internacional de la Papa on a 
hign ioi- cowpea + root crop (cassava or sweet cost-sharing basis. 
potato) + swine and for crop + cattle. Two major collaborative projects with core 

[lie I Ith I)A-!IR RI Technology Transfer Work. support for research in specific environments are 
shop was held at IRRI, 1-3 Oct 1987. The theme the Deepwater Rice Project, with research on 
"In,'reasing rice production after an abnormal wet flooded areas of the Central Plain, and the Rainfed 
season" was selected due to the drier than usual Lowland Rice Project for Northeast Thailand,
1987 monsoon season. The workshop was attended which officially started in 1987. The latter is 
by 120 Philippine Government staff and IRRI investigating the constraints to production in 
scientists. Participants debated and developed rainfed areas that have irrcguhr rainfall, very iow 
scveral options for increasing rice availability to native fertility, and low yields. Research is on 
olsct an anticipated production shortfall of up to nutrient managenent in sesbania - rice s:xquences.
5)0,090 t of milled rice. the evaluation of P sources in acid soils, environ

[hc Rice lroduction Enhancement Program mental characterization, direct seeding methods to 
Nas developed to provide subsidized N fertilizer to remove labor con:traints, adaptation of prerice
farmers. By the end of 1987, the program had upland crops, evaluation ofrice breeding lines, and 
reached 245,000 farmers planting more than social science research to understand the dynamics
365.01)0 ha of rice in 73 provinces. oi the whole-farm system. Six IRRI senior staff 

Soviet Union, In November 1987, IRRI and the from Los Bafios are participating in the project. A 
V. I. Lenin All-Union Academy of Agricultural senior research assistant from Los Bafios spent 6 
Sciences signed a protocol on scientific and tech- mo doing fieldwork at the Ubon Research Center 
nical collaboration covering in 1987 in collaboration with Thai researchers and 

0 	collecting and conserving rice genetic re- with the help ofa full-time IRRI research assistant 
sources: employed in Thailand. 
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The Dleepwater Rice Project is a collaborative 

IRRI core program, with an IRI agronomist 

located in I liailland and [our locally employed 

research assistants. A plant breeder operates from 

Los Bafios. Research in Ihailand is aimed at 

improving the total productivity of I)WR areas, 

and nit just the production of I)WR itself. The 

program has a regional component for collabora-

tlive research and exchange of technology with 

other countries growing I)WR. 

Drot'ilht is a major factor in I)WR stand 
1ffect of cultural practices.establishment and the 

have beenUsually, large plots of more than 25 m' 

used to deterriine I)WR yields, but a simall-plot 

technique developed to determine varietal response 

to fertilizer application has given good results. 

DWP iesponse to fertihi/er has been unpredictable. 

but N uptake studies have shown large differences 

in uptake between soil types and flood patterns. 

.,hich have not been reflected by yield measure-

ments. These results have given an understanding 

of the conditions under which N responses may be 

obtained, and a simple model has been developed. 

Heodwater pa,terms from locations in Bangla-

and fhaiand have -wen compared bydesh 
determining characteristics "ith a computer 

used topro.Pn'am, and the technique has been 

evaljate conditions in Kampuchea, where DWR 

will be reintroduced, 
Intercropping studies have shown that yields of 

up to I t/ha can be obtained from an early-
rows of I)WR wihoutmaturing rice between 

reducing DWR yield, but at present this technique 

may not appeal to farmers. Upland crops such as 

soybean, mungbean, and sunflower would give 

better returns, and techniques are being evaluated 

for growing them on flat plains subject to tem-

porary flooding after heavy rainfall. Future 

research will emphasite understanding and mani-

pulation of the interacrions between the c.op and 

the environment. 
on DWRTechnology resulting from ,esearch 

in Thailand is directly applicable toagronomy 
Vietnam and Kampuchea. as the civironinents are 

to Burma.\erv similar, and !,)some extent 
in Vietnam onCollaborative research isundcr \:t 

grain shattering. reduction of surface soil acid at 

sowiug. and econolic level., of P,and in K am-

puchea on tile reestablishmeiit of DWR varieties. 

In India and Bangladesh, latitude and rainfall 

distribution are difercnt, and hence DWR varieties 

have different characteristics, but the principles 
the areconcerning total production of system 

relevant. 
The Deepw\atcr Rice Ne\sletter published by 

the Bangkl k office has been enthusiastically 

accepted by natir'nal scientists in tileregion. 
out collaboratie 

projects with various ins!itutions and universities 
by the 

United ingdom. IRRI cat rive, 

in the Ulnited Kingdom with funding 

Overseas Dcvelopment Ad ininistrat;on. The 

projects in 1987 \Nere 
0 Lvaluation of rices for salinity tolerance 

0 Ilse of protoplast fsion techniques in rice 

0 Water-use efficiency in relation to abscisic 

acid 
0 Use of protoplast busion f'or production of 

interspecific azolla species 

0 Water and nitrogen uso by legumes following 

:ice 
0 Aiolla taxonomy 
0 Biological nitrogen fixation and algal growth 

indecpwaer ricelands 
* l)etermining mechanisms of resistance to 

brown planthoppei 
and control insect0 Pheromones to forecast 


pests
 
0 Pest management of deepwater rice
 

* Eflect of nematodes on rice yields 

0 Farmer adaptation of technology over time 

0 Rice abstracts 
0 Training and professional development pro

grams 
Vietnam. The Government of Australia has, 

since 1985, supported IRRI's program of col

laboratioia with \ ietnam. with particular emphasis 

on human rcsource development. 
To evaluate the progress of the IRRI-Vietnam 

Project and to identify ftture priorities, an IRRI 

mission visited Vietnam in July 1987. The IRRI 

mission met with leading scientists from Vietnam's 

main research institute, and universities concerned 

Nith rice research and development. A joint work 

plan was developed specif\ing areas of mutual 

interest in research as well as training needs in 

Vietnam. 



In November 1987, the IRRI l)irector General I FI('I (F PLIAN] I)FNSIY AN) NIl R061FN
 
led a second mission to Vietnam to prioritize I I VI (IN YIFI4I I)S (1 FIIYIIRII)S ANI) FI.IT
 
further the IRRI-Vietnam Project, based on the INIII) ('III IIVARS
 
(iovernment's percei\ed priorities, IRRI's capacity PIlant B,'r'e/ini I)'partmnt
 
to undertake collaboration, and tile likely avail
ability of'extra-core funds. In a collaborative experiment with the Crops 

West Africa. IR R I's activities in Alrica havexwo Experiment Station, Suwcon, Korea, two hybrids, 
broad thrusts. fhc first is IRRI's liaison and V20A Milyang 46R and IR54756AiS uweon 
Collaboiati\C activities ,ith other international 2871. yielded significantlv higher than the best 
oreani/at ios (such as IITA and WARI)A) and inbied cultivar. Suwcon 287. Plant density levels 
with national agencies in tile region. The second (lid not significantly affect yields of hybrids and 
thrust is I1k RI's support lor IRIP-Africa. which inbreds. Among N levels, 230 and 300 kg hia gave 
V as organi/cd to providc aimilfied rice tvsting signilicantly igher yieldsthan did 80or 150 kg ha. 
program and a more electi\e link r:nong national Significant interactions were noted fOr N X plant 
and international rice improvelcnt programs. density. N X variety, and N X plant density X 

Sixty-.So\nsuperior l for both lowhd \aricty. Variety X plant density interactions was 
and ull)n cecologies were iciied from the nonsignificant. Two heterotic hybrids showed yield 
IRI P-Alrica nurseries in !985 and 1986. Highlights superiority over inbreds at all N levels (Fig. I) due 
olI R I[P-Alrica in 1987 k'erc to higher total dry matter yield (TI)MY) and 

" 	succCssfulnmonitoring tour to tlhe Ivory Coast, higher harvest index (HI). HI was related to 
the Gambia, and Senegalk increased spikelet number per hill and I,000-gracn 

* 	productl\c %orkshopin Saint louis, Senegal, weight. The panicle number of rice hybrids and 
and inbreds was identical. The ripening ratios of the 

* 	publication of two reports, one on tile 1985 hybrids were lower than that of tile best inbred. 
and 1986 nurs:rvresults, and the other a 
summary report on the 1987 monitoring tour Yield (f/h(]) 

and workshop. 9 
IRRI supports tlie act ivnics of international v20A/Miyanga6r ,%) 



agriel Itltural research centers (IARCs) in Africa bv 8 Ia
selding staff to work at the IAR _s. assisting in IR54756A,Sowon 287R(H,) 

r -3 8 +028 V-O0O5X planning meetings, and training IARC staff. 	 R1:0M,94'-VZOA 1,54 F( • 
IR R I' role in Alrica has produced isible results 700 -20A Wyong 54 • 

and has made considerable impact. At least three R2:098" 
tangible results of these activities canl be Identified: 60an46I

2* [here is a growing awareness of tile impact , 	 1,2On-046Oix 

and usefulness of IlRTl-Africa. Consequently. 	 Y/3 109 00" 

it 	 constitutes the core of man\ national 50 54 (If,) 
Y:31+019X- 00003X?breeding programs. 

* 	 [here is increasing interest among African 40
 

couintries to s,'nd candidates to I RI's various Y:29 + ......2
 
" Y:2 9+ 025 v- 00OO3X 

training programs. I he number of Africans 30 R:0 98"
 

participating in IRRI training programs has
 
grown considerably in tle last 2 yr.
 

" [here is increasing conmitmernt of African O 
countries, ITA, IRRI. and \VAR)A to work 0 50 100 150 200 250 300 350 
together as a team lor IRll)-Africa. The N.,rcge,,eel(g 'h:)
 
program thus continues to make further 1. Yield responses otF'hybrids and elite inbred culiars to N.
 
progress. Smu%%eot,
Korca. 1987. 
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Increaisinq N levels increased il)MY and panicle 
nurber, but decreased Hl. Th effect of N oin 
spikelct number. 1,000-grain weight. and ripening 
ratio varied wiilt tie genotyp,7. 

RI I 0t \1 I I \NI PRICl S I 15 \1 t),\(,\( \R 

.li'riu/iiirtlL e )-'' flhi(. mid (Its ( 1,1ir 

I )r'/mrli n'1.'1 

An aLricltdal econonisi arnd plant breedershIron
1,01-n 1F,a nd I R R scnmist udied he l:, l 
IOl I"A, and IRRPI scieniists studied the grain 
iuality of rice sold in Malagasy narkets and how 


rice prices reflect quality differences. ]wo hundred 

lv.cnt\-five rice samples were purchased in retail 


markets covering a range of locations (i-'iw. 2).
 
('haracteristics of samples. Al1w average charac-

of theirteristics of the rice samples, and measures 
ariamilitv arc reported in I able 4. 

taclors contributing to b0\\ v.hiteness \\ere 
undermilling, bran streaks, and red grains. Most of 
the samples fell in the range of'45-65'i head rice 
Values ti pical of hand-pounded rice or rice milled 

Location of rice market 

sampling regmes, 

Madagascar, 1986 


( , , 
SOregion,MdOesr--- *-A fnariu we 

hl/ 

/ 
./a 

Sor,0qr .ir..... 

N, 

2. Location of rice market sampling regimes, Madagascar 
1986. 

Table 4. Average characteristics and variability of chqrac

teristins of 255 rice samples, Madagascar, 1986. 

Coefficient 

Grain characteristit Mean of variation 
vaiue 

%) 

Physical ch racteristics 

Whiteness (% It.re white) 29.8 23
 
Head rice3 (% ;nbrokeri) 52.6 31
 

Length (mi) 6.2 9 
Width (am) 2.4 1 

Length-width ratio 2.6 17 
Translicency (% not chalky) 32.1 45 

Chemical characteristics 

Amylose content (%) 24.5 8 
Gel consistercya (nn) 36.A 33 
Alkali spreadinC (mrn) 6.2 12 
Protein content 1%) 7.7 15 

Av of gel length of 100 mfg and 90 mg rice flour in 2 ml 
0.2 N KOH. 

in small stcel-huller lype rice nills. Grain shape was 
generally mediurn (length:width = 2.6), with 
samples varying from boid ( I.6) to slender (3.9) 
grins and exhibiting marked regional differences. 

Most of the samples had Intermediate (20-25%) 
to high (25-30, ) amylose coitent (AC). 

There are sharp contrasts in varietal preferences 
between regions in Madagascar, as ceflected in the 
types of rice offered for sale in the markets. On the 
High lPlateau, including Antananarivo, red bold 

rices, known as Vary Rojo, are preferred. In the 
southern, lower portions of the High Plateaul, 
white long-grainied japonica rices, known as Vary 
Lava. are preferred. On the northern coastal plains, 
such as Marovoay, white rices, typified by Vary 
Tsipala, are preferred, while in the Lac Aloatra 

varieties such as Makalioka are preferred; 
these varieties arc in general more slender than 
those preferred on the High Plateau. 

The average grain quality values of three regions 
are given in Table 5. The average whiteness value 

,forsamples collected in the Marovoavi Lac Aloatra 
area was significantly higher than that of samples 
from the other regions, partly due to the lower 
percentage of red rices in the Marovoay/ Lac 
Aloatra samples. Head rice recovery was signi
ficantlv less in the Marovoay/ Lac Aloatra samples 
than in tie other ;ainples, possibly because the 
former were generally more slender. The chemical 

characteristics of the samples other than the 
alkali spreading values did not differ markedly. 
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Table 5. Mean valuesd of grain quality characteristics by "[he mean price per kilogram differed signifi
major region, Madagascar, 1986. cantly between regions. It wa:, least in Antana-

Midwest at the time of the 
Marovoay/ High High survey averaged FMG443'kg, w'ich was signi-

Grain characteristic Lac Aloatia Plateau Plateau t'icantly less than in the produciiir region of Lac 
(N -63) (N 1221 (N =24) 

Southern narivo. Rice prices in tile 

Aloat ra and the Southern High Platt:- in the area 
Physical characteristics of Iianaranlsoa. Rice prices were highest in the 

Whiteness (% pure whiie 34.3 a 27.8 b 29.3 b 
Redness (1%red grains) 12.6 b 38.8 a 23.1 b High Plateau. 
1ra' slucency (% not 39.9 a 27.4 b 36.1 a Implicit prices. The implicit prices of quality 

chalky) attributes, following the procedure described in the 
Head rice (% unbroken) 43.0 b 57.1 a 55.9 a 
Length-width ratio 2.9 a 2.6 b 2.4 b Annuai report for 1986, are derived from the 

Chemical characteristics ordina,'y least squares estimate of the following 
y'wJ, 24.9 a 24.5 ab 23.8 b equation:se content (%) 

Gel co.isistency (rm) 
100 mq 37.7 a 37.2 a 34.9 a in 

a
90mg 56.2 a 54.7 a 48.9a a + hX tf -, , 4 1u
 
1
Alkai spreading (mm) 5.8 a 6.3 b 5.8 a - I 

Protein content 1%) 7.5 a 7.9 a 7.7 a 
a where P is the market price of the rice sample
"In a row, means followed by a common letter do not F'MG kg). 
differ at the 5% level by DMRT. 

X,isthe amount of giain characteristic j in 
that sample, 

Prices and weights. Rice issold in Madagascar I), is a vector of dummy variables to in
by the tin or kaloka. [he net weight ofa kapoaka corporate regional differences, 
of rice avelraged 293 g (CV -- 6Wf). Some variability a is the intercept, 
is anticipated in the cight per kapoaka, as it is a U isa random en or with normal properties, 
volume icasure, with the weight depending on the biistheimplicit valueestimated forcharacteristic 
degree of hilling: weight will also depend on grain j, and 
physical aittrihules such as moisture content, kernel di is the estimated price difference between 
density, and perccntage of brtken rice. regions when other factors are adjusted.

[he mean price of rice samples was FMG 143' Estimates of implicit prices of the measured 
kapoaka (FMG783= ISSI) %kith a range of grain quality attributes, as specified by the equa
FMG75-190 kapoaka" this converts to FMG483/ tion, are listed in Table 7. All characteristics other 
kt. with a range of FMG352-7 11 kg. The mean than protein content and gel consistency (100 mg) 
wkeight per kapoaka varied between regions (Table were significant at the 10% level of probability or 
6): it was highest in the Midwest followed by betler. Consumers paid more for rice with higher 
Marovoav, Mananiary, and Lac Aloatra -and percentages of head rice, slender grains, and white 
Iosvest in Antananarivo. rice. Low AC was preferred to high AC, as judged 

Table 6. Mean rice pricesa and sample weights, by zone, Madagascar, 1986. 

Region Samples Weight Price 

(no.) (g/kapoaka) FMG/kapoaka FMG/kg 

Marovoay 30 299 ab 124 d 414 e 
Lac Aloatra 21 295 bc 139 c 471 c 
Antananarivo 7 291 c 110 e 379 f 
High Plateau 90 292 c 153 a 526 a 
Southern High Plateau 22 292 c 143 b 491 b 
Midwest 17 306 a 135 c 443 d 
Mananjary 9 298 bc 125 d 420 e 

aFMG 783 = US$1. 
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Table 7. Ordinary least squares estimates of the relation-
ship between rice price, grain quality, and locztion, 

Madagascar, 1986. 

Partial Standard t-test 

Variable regregsion error signif!cance 
coefficient level N 

Head rice (%) 0.35 0.11 1 
Protein content (%) -2.54 1.74 15 
Gel consistency -0.15 0.15 30 

(100 mg) (fim) 
AmIylase content 1%) -2.37 1.23 6 
Alkali spreading (mm) -4.19 2.52 10

117.95 3.92Length:width 
Whiteness 1%) 0.50 0.48 7 

Mahitsy (DI) -136.74 7.78 i 
Marovoay (D2 )  -120.78 5.38 1 
Southern High Plateau -31.09 4.91 1 

(D3) 
Lac Aloatra (04) -57.36 5.62 1 
Mananlary (Df) -106.70 6.99 1 
Midwest (D61 81.99 5.56 1 
Constant (FMG/kj) 555.16 - -

Standard error of Y 19.32 
T? 0.86 

F ratio (13,182) 96.66 
Durbin Watson 1.57 

by the negative sign for this variable, i.e., there was 
a preference for intermediate- over high-AC rice-
consumers prefer rice that cooks moist and tender 
and does not becon,: hard when it cools after 
cooking. There was also a marked preference for 
rices with lower alkali spreading values (-4.2), 
which implies a preference for rices with inter-
mediate alkali spreading values as opposed to low 
gelativiiation temperature (alkali spreading values 
of 6-7). 

The partial regression coefficients of the quality 
attributes represent the implicit prices and measure 
the change in rice price for a one unit change in the 
level of that characteristic. The dummy variables 
measure the difference in price, quality factors 
aside, between the zones specified in Table 6 and 
the Antananarivo-H igh Plateau rice price, which is 
taken as the base. The significant negative dummy 
variable for M artvoav, for example, implies that, 
quality factors aside, the price of rice was cheaper 
by about FM(i137 kg than on the High Plateau. 
These differences are consistent with the between-
region price differences reported in Table 6 and 
show that regional differences in prices are far 
stronger than price differences due to quality 
attributes. 

.IAPAN-IRRI CO[LIAIBORATIV |PROIECT ON 
BtACTERIAI. BI.lGHr 

Plant Breeding and Plant Pathology Departmenis 

as part of the Low 
Input Cultivation Technology Under Irrigated 
IRRI continued research on 13B 

Conditions Project in close collaboration with the 
Tropical Agriculture Research Center (TARC), 
Ministry of Agriculture, Forestry and Fisheries, 

Japan. The project is funded by the Government of 
Japan.Japlnl 

Development of international differentials for 
bacterial blight (Plant Breeding and Plant 
Pathlogry). Using B13 races from the Philippines at 
1RRI and from other Asian countries at TARC, 

we are developing near-isogenic lines with single 
genes for BB resistance. After obtaining BC4Fl 

progencs of the dveloped lines, we compared 
of the lines with three recurrentplant types 

parents-- IR24 (indica), Toyonishiki japonica), 
and Milyang 23 (indica/japonica hybrid)- at both 
IRRI and TARC. We have developed near

isogenic lines that have been advanced to BC4F4 or 
later generations as shown in Table 8. 

Ncar-isogenc lines carrying the resistance gene 
va-8, with Toyonishiki or Milyang 23 in their 
background, are under final selection (BC 4F). 
Near-isogenic lines carrying the resistance geires of 
Te-tep are now being separated into lines carrying 
a few single genes including a new gene from an 
Indonesian isolate (BC4F5). 

Inheritance of resistance (Plant Breeding). Two 
new genes for BB resistance have been identified. 
One was found in BJ 1, which shows resistance to 
Philippine races 1-6. The result of the segregation 
of the F, populations indicated that BJI had two 
recessive genes, one identical to xa-5 in IR 1545-339 
and the other a new recessive gene (Table 9). The 
new recessive gene was considered to carry 
resistance to Philippine race 6 and to have a 
complementary reaction with xa-5 to Philippine 
race 4. Moreover, the new rcessive gene might be 
linked with xa-5. We have designated this recessive 
gene xa-13. 

The other new resistance gene was found in 
TNI, which showed a specific reaction to Philip
pine races: it resisted only race 5 (PXO 112). This 
kind of resistance to Philippine races was never 
found in any differentials or resistant varieties. 
Analysis of F, and F2 populations from the crosses 
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Table 8. Near-isogenic lines with resistance gene for BB ofTN I with three varieties indicoted that TN I has 
developed at IRRI arid TAF ', 1987. one dominant gene fOr resistance to Philippine race 

Res;stant Recurrent Resistant 5 (Table 10). Thus, we designated this gene ,a-/4.
Designationa donor parent gene From the genetic analysis for ilil resistance for the 

past 5 yr. we standardized the 1311resistance genes
IR-BB1 (t) Kogyoku IR24 a- 1, Xa- 12 
IR-BB'911 t) Kogyoku Toyonishiki Xa-1, Xa-12 identified at both IRRI and TARC as shown in 
IR-BB201 (t) Kogyoku Milyang 23 Xa-1, Xa-12 Tabe I I. 
IR-BB3 Chugoku 45 IR24 Xa-3 Rice varietal groups based on reaction to four 
IR-BB103 Chugoku 45 Toyonishiki Xa-3 
IR.BB203 Chugoku 45 Milyang 23 Xa-3 races (Planl 1r,(ling). We continued to evaluate 
IR-BB4 IR20 IR24 Xa-4 resistant varieties against four Philippine 1313races 
IR-BB104 IR20 Toyonishiki Xa-4 and to analyze tile resistance genes by allele tests. 
IR-BB204 IR20 Milyang 23 Xa-4 r t 
IR-BB5 IR1545-339 IR24 xa-5 We reconfirmed that there are four major varietal 
!R-BB105 IR1545-339 Toyonishiki xa-5 groups: Java 14 (,'a-3). TKM6 (Xa-4), DZ192 
IR-BB205 IR 1545-339 Milyang 23 xa-5 (.a-5), and Cas 209 (Xa-1O). In addition, foursmall 
IR-B87 DV85 IR24 Xa-7 
IR-BB107 DV85 Toyonishiki Xa-7 groups of varieties were identified. In summary, we 
IR-BB207 DV85 Milyang 23 Xa.7 grauped resistant varieties against four Philippine 
IR-BB8 P1231129 IR24 xa-8 BB races as follows: 
IR-BB10 Cas 209 IR24 xa-10J 
IR-BB1 10 Cas 209 Toyonishiki xv-7O Java 14 (a-3) group
 
IP.8210 Cas 209 Milyang 23 xa-1O TKM6 (,Va 4) group
 
IR-BB11 IR IR24 xa-11 Subgioup: Mod Ba (Aa-4 + .Va-/O)
 
iR-BB111 IR8 Toyonishiki xa-1 1 
IR-BB211 IR8 Milyang 23 xa-1 DZI92 (.a-5) group 
!R-BB3J Java 14 IR24 , a-3 Subgroup: B. I (xa-5 + .xa-13) 
Ih6BB103J Java 14 Toyonishiki Xa-3 Subgroup: DV85 (xa-5 + Xa-7) 
IR-E8203J Java 14 Milyang 23 Xa-3 
IR-BL3Z Zenith I.24 Xa-3 Subgroup: Makhmal Mehi (xa-5 + Xa-4) 
IR-BB103Z Zenith Toyonishiki Xa-3 %-as209 (.Va-I/) group 
IR-BB203Z Zenith Milyang 23 Xa-3 The result of isozyme analysis of BB-resistant 
IR-B83S Sateng IP.24 Ka-3 varieties showed that the Java 14 group falls 
IR-BB103S Sateng Toyonishiki Xa-3 
IR-BB203S Sateng Milyang 23 Xa-3 mainly into groups V and Vl, TKM6 into group 1,

the DZI92 group ioto group 11, and the C'as 209 
a(t) = tentative designation, because Xa- I and Xa- 12 were
 

not yet established as identical or different, group into group I in the Glaszmann classification.
 

Table 9. Reactiona of F1 and F2 populations from the crosses of IR24 or IR1545-339 and BJ1 group varieties to 4 BB 
races (1, 2, 4, and 6) at booting. IRRI, 1986-87. 

Cross Reaction Reaction of F2 plants
of F1 SSSS RRMS SSSR RRRR 

(9:3:3:1)IR24/BJ1 SSSS 164 27 29 31 34.215 0.001> 

IR24/AC19-1-1 SSSS 117 35 37 16 1.177 0.7 -0.8 
IR24/Chinsurah Boro II SSSS 173 43 30 23 14.744 0.001> 
IR24/Aus 274 SSSS 171 40 47 11 6.943 0.05-0.1 
IR24/Kalimakri 77-5 SSSS 155 39 55 21 4.1000 0.2 -0.3 

(3:1)
 
IR1545-339/BJ1 RRMS 184 78 3.193 0.05-0.1 
IR1545-339/AC19-1-1 RRMS 192 67 0.104 0.7 -0.8 
IR1545-339/Chinsurah RRMS 184 69 0.697 0.3 -0.5 

Boro I I 
IR 1545-339/Aus 274 RRMS 200 70 1.123 0.7 -0.8 
IR1545-339/Kalimakri RRMS 187 81 3.900 0.02-0.05 

77-5 

aR = resistant, M = moderately resistant, S susceptible. 

http:0.02-0.05
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Table 10. Reactiond of F1 and F2 popjlations from the crosses of TN1 with 3 varieties to 4 races (1, 2, 4, and 5) of BB. 

IRRI, 1987. 

Reaction of F2 plants X2 
(3:1) PCross 	 Reaction of F 1 

SSSR SSSS
 

5.563 0.01-0.02Toyonishiki/TN1 SSSR 185 4 
70 0.123 0.7 -0.8Milyang 23/TN 1 SSSR 200 

208 57 1.722 0.1 -0.2TN1/Te-tep 	 SSSR 

aR = resistant, S = susceptible. 

Table 11. Genes for BB resistance. The purpose of this work was I) to compare the 
BI resistance of Korean J and 1.1germplasm? as 

StarJardized 	 Original 
measured in nursery tests in the Philippines and in 

gene symbola designation Representative varieties 
Korca, and 2) to determine if race-specific partial 

Xa-I Kogyoku resistance affects the reactions of temperate .1 
Xa-1h (t) Xa-fh IR28, IR29, IR30 

varieties when evaluated at i RRI.Rantai Emas 2, Te-tep 

Xa-3 	 Xa-w Wase Aikoku 3, Chugoku 45 Upland nursery experiments were doie during 
Xa-4b Semora Mangya 1986 in the Philippines at IRRI and in Korea and 
Xa-6 Zenith 

Xa-2 t) 	 Xa-2 

the Icheon Experiment Station. At each site, 53 .1
xa-9 Sateng 

Xa-4 Xa-4 TKM6, IR20, IR22 and 24 1.1varieties from Korea were tested. Daily 
Xa4a maximum and minimum temperatures were taken 

xa.5 DZ 192, IH 1545-339 	 at each site. 
DV85Xa-7 
P1231129 	 To test for diftereiices in aweressiveness on .lxa-8 

Xa- 1O Cas 209 varieties, isolates of' . orvzac were sent from the 
Xa-11 Xa-pt RP9-3, IR8, Elwee Philippies and Korea for testing under uniform 

Xa-kg Kogyoku
Xa- 12 (t 
Xa-12h t) Xa-kg i IR28, IR29,1R30 conditions by a collaborating scientist in the 
xa-13 BJ1, Chinsurah Boro I [.S. Tree .1varieties l)aechang, Nagdong, and 
Xa-14 TN1 Palgeum were tested. 'Fhe indica (I) variety 

aW)= tentative symbol pending confirmation. 	 CO 39 was included as a susceptible check. 

In the nursery experiments, the IJ varieties 
tended to be completely resistant in Korea but 

This fact indicates that the differentiation of 13B susceptible in the Philippines (Table 12). The race 
pattern in a given region depends on the varietiesresistance genes in rice varieties coincides with 

varietal differentiation of rice groups. 	 grown there. Only I varieties are grown near IRRI, 
but mostl,' .1 arieties are grown near the Icheon 
site in Korea. Thus, the nursery experiment results 

show that, with respect to their 131resistance, theRACE-SPECIFIC PARTIAl. RESISTANCE TO BLAST 

IN JAPONICA RICE.S Korean I.) varieties are more similar to the I rices 

than are the .1rices.Plant Pathology Del)artment 
Many of the J varieties were qualitatively sus-

As part of a collaborative project with the Rural ceptible at both locations (Table 12). Of this group, 

Development Administration, Korea, breeding most were more susceptible in Korea. The disease 

lines and recommended japonica (J) and indica- progress curves of Daechang Nagdong, and 

japonica (IJ) varieties from Korea are evaluated Palgeum from the two sites illustrate this difference 

each year for 131resistance from November to (Fig. 3). These three J varieties showed slow disease 
at IRRI, yet were highly susceptible inFebruary at IRRI. However, little is known about increase 

how environment and pathogen differences affect Icheon. 

the comparative responses of the materials in Environmental differences could have influenced 

Korea at the Philippines. the relative BI susceptibility of the J cultivars at the 

http:0.01-0.02
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Table 12. Disease reactions of 53 japonica and 24 indica varieties in nursery tests in Korea and the Philippines.a 

Susceptible at both sitesb 

Variety group More susceptible Equal More susceptible 

in Korea in the Philippines 

Japonica 17 5 2 
Indica-japonicac 0 0 2 

Resistant in 

Korea but
susceptible 


ii,the Philippincs 


6 

19 

Susceptible in 
Korea butresistant 

Resistant 
bohates 

in the Philippine s i 

14 
0 

9 
3 

aConsidered qualitatively susceptible when typical spindle-shaped lesions occurred on most plants. bCombined analysis of 
variance was conducted using the area under the disease progress curve; varieties were grouped based on significant differ
ences at 5% by LSD. (Derived from crosses between indica and japonica rices. 

Oseased ieaf arpa(%) 
-,---.....withIOGF 

ac [-


60ore 


-- - Phppmes 

40 L 
0 

Doechang 
Nogd g 

.00_---_0,__ 

&-,,,"-.-411 
...---. .-----

0 
14 -

;8 
___ 22 26 30 34 

Days after seeding 

3. Blast disecase progress in3 japonica varieties innursery plot 

irials in Korca and the Philippines, 1986. 

two locattors. )uring the IRRI nursery test, the 
mean day temperature was 32.1 0 C and the mean 
night temperature 23.1 'C. During the test in 
Iclicon, the mean day temperature was 27.4 C and 
the mean night temperature 19.2 °C.Night ten-
peratures of about 20 'C are reported to favor BI, 
and this temperature effect is reportedly more 
pronounced in .1rices. 

Heoyc\ er, data from the inoculation experiments 
support tile hypothesis that race specificity, and 
not civiron mental differences, was the primary 
cause of tile varietiesgreater susceptibility of the ,I 
in the Korean tests. For each of the three isolates 
tested Irom each location, the Korean isolates 
caused more disease than the Philippine isolates on 
the three J varieties tested (Table 13). On the 
susceptible check ('O 39, the isolates appeared to 
be equally aggressive. 

Because of this ilace specificity, it is not possible 
to assess the relative partial resistance of the 

Table 13. Disease scores for 4 rice varieties inoculated 
isolates of Pyricularia oryzae from Korea and thePhilippines.a 

Iso lateb 

Variety -- Differencec 
Korean Philippine 

Nagdong 5.1 1.8 3.3*
 

Daechang 4.5 1.3 3.2-
Palgeum 4.8 1.3 3.5 
CO 39 4.9 4.5 0.4ns 

aMean of 3 replications; percent diseased leaf area rated 

as 0 = no infection, 1 = 0-10%, 2 = 11-25%, 3 = 26-50%, 
4 = 51-75%, 5 ;- 76-90%, 6 = 91-100%. b 3 isolates from 
each location tested. Location means are presented
because of no significant isolate differences within loca
tion, c** = significant at the 1% level by LSD, ns = non

significant. 

Korean .1 varieties in the Philippine tests. These 
tests have value primarily for revealing the high 
susceptibility of some 1.1varieties or lines that are 
presently resistant in Korea. 

The resistance of the.I varieties to the Philippine 
isolates may be similar to the race-specific field 
resistance found in varieties Chugoku 31 and St I 
in Japan, which is monogenically controlled. 

KORIA-IRRI C)LLAIIORATIVE PROJEC[ 
P'lant
Phrsiologyand Plant Breeding Depariments 

At the rice cold tolerance screening nursery in 
(ihuncheon, Korea, 969 entries were screened in 
plots with continuously flowing cold water with a 
temperature of 17 at the inlet and 21-25 °C at0C 


the outlet. In the pedigree nursery, with con
tinuously flowing water at 20 °C, 63 F2 popula
tions, 10 F5 lines, and 35 hybrid crosses were 
grown. The 1987 International Rice Cold Toler
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anIIce NIrserV ellri s \\ere grown ill pots at 19 ± 
I°C dtring, ant he is. hiirtv-fI\c entries were 

elo'( nItinder nolirmal farmers' field Crllid tl \IiSth 

200 kg N lia in ohser\ ational yield :rials. For cd 
tolerance al the SCCdling stage, 15-d-old scedlings 

\\ere iu'jercd it)i 12 C continuou y l- o %ing 

\atr for 10 d. ,A\nd photopCriod-inSenli\e. salt-

tolkrant indica rices werescreened. See the section 

on Adverse lrmperature Tolerance for details. 

IN N1IIIR.\I (iN t)I I'ROMISIN( I*-RltC II IMIliS 
I\ KO)RI A.. I\DIA. I.lONI SIA. MA\I AN SI,. AND) 
VII I NAM 

IJlal'' Ik)u~j~ l'/ar'lni't 

I aloItio', of experimental hybrids in 1986 and 
1987 (lable 14) indicate that IRRI hybrids 

lR54752A IR14753-120-3, IR54752A IR46R, 

IR54752A 1R54R, lR54752A R13419-113-IR, 
R54752A ARCI1353R, lR54752A lR20933-68-

21-1-2. 1R54752A IR19392-2l I-I. IR46828A 
1i 13524-21-2-3-3-2-2. and I R54752A I R29512-8 I-

2-1 viwlded higher than the best local checks in the 

tropics. Promising hybrids for Korea were 

Yields of IRRI hybrids compared with those of 
Table 14. 

local checks in India, Indonesia, Malaysia, Korea, and 

Vietnam, 1986-87. 


-______ 
Growth Yield 


Hybrid or variety duration It/ha) 

I--

Coimbatore, Tamil Nadu, India, 1986 WS 
1R54752A/1 R 14753-120-3 138 7.5 
CO 43 138 6.4 

University of Agricultural Sciences, Bangalore, India 
IR54752A/IR46R 148 11.0 
IR54752A/IR54R 152 9.4 
IR54752AilR 13419-113-1R 154 9.1 
IR54752A/ARC11353R 149 8.9 
Puspha 134 8.1

Jaa1440Jaya 154 4.0 

Bangalore, India, 1987 WS 
IR54752A/IR54R 142 7.2 

IR54752A/ARC1 1353R 140 6.9 
Pusph 125 6.3 

Mithapur, Patna, Bihar, India, 1986 
IR54752A/I119392.211-1 - 6.2 
IR54752A/IR20933-68-21-1-2 - 6.2 
IR54752A/14753-120-3 - 5.8 
IR54752A/IR54R - 5.2 
IR46828A/IR13524-21-2-3.3-2-2 - 5.2 
IR64  3 

4.0 
Mahsuri -
Sita 

4.2 

Table 14 continued. 

Growth Yield 

Hybrid or variety duration It/ha)
(d) 

Central Rice Research Institute, Cuttack, /adia, 1986 WS
IR54752A/IR20933-68-2-1-1-2 

IR54752A/IR54R 
IR54752A/IR14753-120-3 
IR46828A/IPf13524-211-3-3-2-2 

IR54 
Ratna 

LSD (5%) 

Cuttack, 1987WS 
IR54752A/IR54R 140 7.5 
IR54752A/IR13419-113-1R 133 7.5 
IR54 (local check) 139 7.0 
MW10 (local check) 113 6.5 
Ratna (local check) 120 6.2 

Aduthurai, T.:mil Nadu, India, 1986 WS 
IR46828A/IR13524-21-2-3-3-2-2 
IR64IR50S 

ADT36 
TKM9 

LSD (5%) 

120 9.4 
120 8.2 
118 7.,

127 8.4 
125 7.7 

- 0.9 

R54752A/ARC11353R 

IR64 
Muda 
MR84 

Hau Giang, Vietnam, 
IR54752A/IR54R 
IR54752A/ARC11353R 
IR54752A/IR46R 
IR64 

LSD (5%) 

Suv.eon, Korea, 
IR54756A/Suweon 332Suweon 287

87 
IR54756A/Iri 361 3-
IR54756A/Suwveon 333 

IR54756A/Iri 362 
1R54756A/Suvveon 294 
Suweon 294 
Suweon 287 

142 5.5 

140 5.4 
141 5.3 
129 5.3 
127 4.2 

139 4.5 
122 4.5 

- 0.4 

Sukamandi, Indonesia, 198687 WS 
IR54752A/IR29512-81-2-1 132 7.8
 
IR54752A/I R20933-68-21-1-2 128 5.7
 
IR54752A/IR54R 123 4.6 
IR54 127 3.6 
Cisadane 139 3.2 
1R64 12: 2.7 

Bumbong Lima, Malaysia, 1986 DS 
IR54752A/IR14753-120-3 128 5.0 
IR64 114 3.0 
Muda 135 3.9 

Bumbong Lima, Malaysia, 1986-87 WS 
129 3.1 

116 2.8 
137 1.6 
138 2.1 

1987 WS 
123 6.9 
126 6.7 
126 6.4 
120 5.7 

- 1.0 

1987 
- 8.4 
- 7.8 
- .4 

9.4 
- 8.7 

- 8.7 
- 8.5 
- 7.6 
- 7.3 

Milyang, Korea, 1987 
IR54756A/Suweon 287 - 8.1 

Iri 361 - 7.4 

Milyang 54 (local check) - 6.7 
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IR54756A Suwmcon 332, 1R54756AiSuweon 333, controlled in the 1970s with 2,4-D applied pre
lk54756A Ir 302, 1154756A, Suweon 294, and emergence (3-5 d after transplanting [DT]) or 
IR5475A Si eon 287. Ihesc combinations were postemergence (17-20 DT). Ten years later, a 2,4
developed in the Korca-IRlRI collaborative 1)-tolerant strain of gooseweed was observed in 
recearch prograni. No IkRI hvh rid tested per- Biulacan 'To date, a susceptibe strain has been 
Io:nicd better than local checks in replicated yield collected f'rom Pangasinan and Jiocos, a mode
trials during 1987 in K'ipurthala, Pun.ab, india; rate'y susceptible strain from Los Bafios, and a 

Sam,.s, South Sulawesi, Indonesia; and Iri,Korea. 	 tolerant strain from Bulacan. These differential 
responses may be due to the degree of2,4-D used in 
eac6 area.R \IOON!N(i I' FRI.-RMANCI I IRRI HYBRIDS IN 

IBANG.\I ORI*. INDIA To evaluate the differential tolerance of these 

strains to 2,4-D, their germination, growthPlant fivrceding Ie;artment 
behavior, and leaf morphology were compared in 

Ten IRRI F, hybrids and three local checks were the greenhouse in acollaborative experiment with 

ra- tuned in Bangalore in July 1987 after harvesting the National Crop Protection Center and the 

the 1987 dry season ()S) crop. 1R4752A/ UPLB Agronomy Department. Germination Jid 

ARC11353R, lI54752A, II13419-113-I, aid n.ot differ. Slem elongation, leaf production, and 

IR54752A I R54 ratooned well and produced high TDMY of the susceptible and moderately sus

total (main and ratoon crop) yields (Table 15). In ceptible strains were higher than those of lhe 

tolal yield, IR54752A/ IR46k was also promising. tolerant strain when 60 kg N/ha was applied; these 

results indicate thle importance of con- differences were apparent at 5 wk after emergence. 

sidering hybrid ratoonin,-ability. Without N, these growth factors did not differ. 
The tolerant strain had thicker leaf cuticles 

starting at the 8- to 10-leaf stage, when it exhibited 
WIHlLIIIAVIOR (- A 2,4-1)-RESISrANT WEED tolerance for 2,4-D. Thus, athick cutic'e may limit 

Agrononi. I)epartttzc' 2,4-D absorption. 
Adding a surfactant (wetter) to the spray 

,itscc:d (Spienochla zeilanica Gaertn.), a solution of 0.8 kg 2,4-D/ha nullified the tolerant 
common annual weed in lowland rice, was usually strain's response. The wette: may have enhanced 

2,4-D absorption, overcoming the barrier pre
sented by the thick cuticle. 

Table 15. Ratoon (1987 WS) and main :rop (1987 OS) The results demonstrate the potential threat ofa 
yields ft/ha) of IRRI F 1 hybrids and local checks, Banga- 2,4-D-tolerant strain of gooseweed. The suscep
lore, India. tible strain grew where 2,4-D has never been used, 

Main Ratoon and the tolerant stain where 2,4-D was applied 
Hybrid or check crop, crop, Total every season for the last 10 yr; therefore herbicide 

1987 1987

DS WS use may have created the tolerance. Herbicide 

rotation will help avoid buildup of tolerance. If 
IR54752A/IR46R 11.0 1.4 12.4 2,4-D is used, it should be applied preemergence or 
IR54752A/IR54R 9.4 3.1 12.5 early postemergence (but not later than the 8- to 
IR54752A/IR13419-113-1 9.1 3.3 12.4 
IR54752A/ARC11353R 8.9 4.5 13.4 10-leaf stage). 
IR46828A/IR13524-21-2-3.3-2-2 8.5 0.9 9.4 
IR54752A/IR27315 8.4 1.1 9.5 
IR46830A/IR50R 7.5 0.7 8.2 PHOSPHORUS NUTRITION OF RICE FOR 
IR54752A/IR29723-143-3-2-1R 7.0 0.7 7.7 SUSTAINABLE FARMING 
IR54752A/IR4422 4.8 0.3 5.1 
Checks Agronomy Department 

Pushpa 8.1 0.8 9.9 
Mangla 5.5 0.3 5.8 A collaborativ project in Thailand, Indonesia, 
Jaya 4.0 0.3 4.3 Bangladesh, and China is evaluating the short- and 

LSD (5%) 1.3 0.54 long-term effects of highly soluble, partially 
CV %) 33 soluble, and relatively insoluble P sources in acid 
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and acid sulfate lowland soils. Trials involve 
irrigated rice il Indonesia, Bangladesh, and China, 
and rainfed lowland rice in Northeast Thailand. 

Result.i show that partially acidulated phosphate 
rock with 3('i acidulation is as good as triple 
superphosphate and potentially less expensive, 

I)tEFI'A FR RICI FOR IIWRIIA(IIE 

Plant lPhysiology lI)artnent 

l)WRs usually take more than 200 d from 
germination to maturity. The long growth duration 
producesTI) MY as high as 19 t/ha. Unfortunately, 
most farmers burn tile DWR biomass after harvest, 
If cut belore flowering, this biomass could be used 
to feed livestock where natural pasture is limited. 

A collaborative experiment with the Rice 
Research Institute, Thailand, examined the effect 
of leaf cutting on the growth, developmcnt, and 
yield of DWR at the Huntra Rice Experiment 
Station, Ayutthaya, Thailand. DWR virliv,: Pin 
Gacw 56 was planted under natural deepwater 
conditions. Seed at 120 kg/ ha was sown on 10.1un, 
late because heavy rains delayed land preparation. 
Ammonium phosphate (16:20.0) at 90 kg/ ha was 
applied at 55 d after emergence (DE). The upland 
field was naturally flooded on 15 Aug, when the 
rice was 60 d old. Plants were pruned 0-3 cm above 
the water at 100 DL, when the water level was 
about 77 cm. 

Leaf regrowth. Removing leaves reduces photo-
synthesis; however, new leaves started growing I d 
after cutting. l~caf emergence and internode 
elongation occurred simultaneously. It took 7 d to 
develop I new leaf, almost I mo to have 4 fully 

developed leaves, and 56 d to have the same 
number of green leaves as the control. Therefore, 
to avoid competition between leaf regrowth and 
spikelet formation, the last pruning should be at 
least 6 wk before the start of the reproductive 
phase. 

Plant height and internode elongation. Pin 
Gaew 56, a tall variety, generally lodges during the 
reproductive phase. When leaves were cut at 100 
DE, plant height decreLased by 39 cm. Plant height 
at flowering was markedly reduced in cut plnts, 
the result of reduced internode elongation. The 
number of elongated internodes was not greatly 

affected by cutting, but the total length of the 
elongated internodes was reduced. 

Herbage yield, grain yield, and yield coin
ponents. Herbage yield was 0.57 t/ha when cutting 
was at 100 DE. It could be iticreased by planting 
earlier or by cutting more often. Herbage Nields of 
0.5-3.2 t/ha have been obtained in irrigated 
transplanted rice. 

Cut and uncut plots did not differ in grain yield, 
probably because the long growth duration of 
DWR enabled it to recover before the reproductive 
phase had begun. 

Cutting increased panicles per unit ai (t but 
reduced spikelets per panicle. It did not affect 
percentage fertility or 1,000-grain weight. 

Herbage quality. Rice herbage from plantings in 
Thailand and at IRRI was sent to the Dairy 
Training and Research Institute at UPLB for 
feeding studies. The rice herbage was high ir. crude 
protein and in vitro true dry matter digestibility 
(IVTDMD) (Table 16). The rice herbage fi -)m Pin 
Gaew 56 had lower crude protein than B14259 but 
was better in quality than that of rice straw. The 
crude protein of B4259 cut at different datc. and at 
15 and 30 cm plant height ranged from 9.3 to 
19.8%, similar to that of very young improved 
tropical grasses. The high IVTDMI) values indi
cate high potential as ruminant feed. Feeding trials 

Table 16. Crude protein and in vitro true dry matter diges
tibility (IVTDMD) of rice herbage from varieties B4259 
and PG56. IRRI, 1987. 

Cutting Cutting Dry matter IVTDMD
 
timea height basis crude
 

(cm) protein (N1 (_ ) 

B4259 
40 DT 15 15.9 71 

30 19.8 70
50 DT 15 13.5 72 

30 15.2 72 
60 DT 15 9.3 76 

30 12.4 78
70 DT 15 9.8 72 

30 12.0 66 
80 DT 15 9.3 673010.9 59 

30 PG56 

14-15 WAS 3 2.9 69 
aDT = days after transplanting, pruned at 15 and 30 cm 

aboveground. WAS = weeks after seeding, pruned at 3 cm 
above water surface (depth 60 cm). 



________________________________ 

of rice herbage from B4259 showed high palatabil-
it' of rice forage silage with high crude protein 
digest ibility and postive,N balance, 

The results support the u!,e of rice herbage for 
animal teed. I Ihailand. beef and dairy cattle in 

I)WR areas are fed ric straw vith concentrate 
SUppliCCt. I'i[he herbage LqualitV and grain yield 
maintenance for Pil aew 56 nclCCUrage more 

research. 

Rice forage as goat ( aprahircu" feed. ('ieroical 
rtil/)f 'Silool. the chictieal composition CS rice 

7orac has i R t), rice forage sihage (RFM), and 

ricc strawI ,e slowNit In Table 17. Both RFH and 
1\ P.-' ioln mc:11Uhhielr crude protein and lower 
c,:ll \s all fiact ion,, than rice strasv, mid ic:iting that 

1 II and R I-S arc belter roughagc. 
hz aC d dii '%Ihihil l. Although RFtI a.nd 

R F, haxce similar nutrient Comlposition, in ilie 

digestio in,dtu' uslng goats, RFS showed high': 
dri niiaitcr infakIL and digestibility. 1I01 shom%ed 
lo\\ci dr, iniaulr intake -s percentage of body 
\,cC11t than RF. Ft.cd textures and structures 
dillci. R0F1 is sharper andi hairier than RFS, 
reducinIg its palatablity. RHI- gave low nutrient 
dices; ihiliOt nutricnt intake, and negative N reten-
tun Supplcmenting RFH with 25,' stargrass or 
,tdding 50" RFS to rice straw WoUld provide 
liigher digcstibility, intake, and N retention, 

('(NSI ItRNAROUND 
II I1- IN II N(iI.AI)ESHl 
I (()N( C\ll( RAINIS ()N 

.4griculairall+(ot, mics', Del~artmnt7 

.Acollaboratmu project with 13 RR I was conducted 
to idcntify resource constraints on turnaround time 

btweett the two major rice crops, aus and trans-
planted anian. Tic introduction of modern vari-

cies (M Vs) has increased pressure or frmners 
this period. Modern aus varieties areduring 

harvested later, while modern aman varieties must 
be transplanted earlier to flower before low tem-

rat res reduce ields. Thile objective was to 
determine whether shortages of labor and draft 
po er limit the area under MVs. 

Resource constraints. The results were based on 
a random sample of I10 farms in the BIZRI project 
area. Which represents the rainfcd, shallow-flooded 
rice environment of eastern Bangladesh. They 
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Table 17. Chiemical composition (dry matter basis uf the 
basal diet used in the feding experiment) of rice fo.age 

hay, rice forage silage, and rice ;traw. IRRI, 1987. 

Rice Rice Rice 

Component forage forage straw 

hay sa -

Dry matter (%l 84.0 34.0 84.9 
Organiic matter t%) 81.3 81.9 73.1 
Crude protein (%) 10.4 10.9 6.3 
Neutral aetergent fiber (%) 64.1 62.3 7D.6 

Acid detergent fiber (%) 44.6 44.2 56.5 
H-emicellulose (%) 19.5 18.1 14.1 
Cellulose %) 39.1 29.9 32.5 
Lignin %) 3.4 3.4 6.0 
Acid insoluble ash (%) 11.2 10.9 18.0 
Ash %) 18.7 18.1 21.9 
Energy (kcal) 3390.0 3440.0 3352.0 

indicate the existence of a draft power constraint 
on the area under modern aus. Figure 4 shows the 
distribution of animal labor durithg turnaround. 
The dip in the graph wa, caused by the Islamic 
holiday of Id-ul-Azha o 26 Aug. Demand peaked 
in week 11 (1Q-25 Aug), when 7,131 h of animal 
iabor were used. This was 77% of the potential 
supply if animals worked at their full capacity of 
6.25 hid. Discounting the Id-ul-Azha holiday 
would bring hours worked up to 83% of potential 
supply. Since data on hours worked were probably 
underrecorded and some slack has to be bui!t into 
the system to allow for adjustments when the 
unexpected occurs, the evidence suggests that 

Hours 

LPotenti supply,5htil 

1000 [ Poten,oI -upply,4t'/d 
8oo-

Totallabor 

600 K 
400 -

F 
I Hiredor 

exchangelabor 
2gIo
 

0 -
30 14 28 11 25 8 22 

Jun 
Wk 4 

Jul 
5 4 7 8 9 

Aug
10 11 12 13 

Sep
14 15 

4.Hours uf animal labor during turnaround between aus and 
amran,.loylepur. Bangladesh, 1985. 
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supply and demand for draft power are in equi-
librium and there is no "surplus" draft power 
available during the peak period for land prepara-
tion. 

Draft power was not a constraint o the area
under modern aman. Figure 5 shows the cumula-

tive percentage frequency of aus harvested and 
aman transplanted by date over the turnaround.. 
period. Turnaround time is measured by the 
.1orizontal space between the lines on the graph. 
Figure 5 shows that 64r;i of the aman area was 
transplanted by 31 Aug, the latest date for ians-
planting modern aman under rainfed conditions. 
Since only 1 2 : of the aman area was under M Vs, a 
shortage of draft power was not the reason for low 

adoption. 
At tile farm lexel, farmers who did net own a 

pair of draft animals did not face a constraint. 
There was no significant difference in turnaround 
time after modern auis between farmers own'ng 
different numbers of draft aninls (Fig. 6), because 
farmers with fcer than two animals hired animals, 
timed operations differently, and worked animals 
harder. Farmners with four draft animals were 
foudnd to work their anirnais intensixely for long 
periods. 

Programming solutio;ns. A linear pbogramining 
model of resource use wa: -leveloped to compare 
the impact of different strategies to reduce labor 
and draft power constraints. The basic model 
accurately reproduced the existing cropping pat-
terns and correctly identified the draft power 
constraint on the area unJer modern aus. Seven 
strategies were evaluated, and several conclusions 
emerged. First, all the individual strafeL'ies ia
crcasi-d the area under modern aus except an 
extension program to increase the area under the 
pattern modern aus - modern aman (BR I - BR I). 
This confirmed an earlier finding of a draft power 
constraint on modern aus. Second, the model 
demonstrated the importance of new varieties to 
overcome resource constraints. In )articular, a 
shorter-duration modern aus, a dircct..seedd 
modern aus, and a photoperiod-insensitive, IR50-
type modern aman that can be transplanted tip to 
mid-September would increase the area under 
MVs by spreading the demand for resources 
during turnaround. Finally, to overcome the draft 
power constraint, it will be necessary to introduce 

Area (%) 
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o \
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5. Mean cumulative area harvested and transplanted for rainfed 
aus and aman in 6villages, Joydehpur, Bangladesh. 1985. 
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6. Average hours per day worked by 1-4 animals. Ioydebpui, 
Bangladesh, 1985. 

minimum tillage or power tillers, which the model 
suggests are equally effective in increasing the area 
under modern aus. 

ECONOMICS OF HYBRID RiCE IN CHINA 
AgriculturalEconomics Department 

A joint project was pursued with CAAS, involv;ng 
several components. 

Rice yields and resource use in liybwid and 
convenlional rices. Interviews of 90 farmers 
growing hybrid (H) rices and 86 farmers growing 
conventional rices in Jiangsu Province, China, 
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revealed that the mean yield of H (7.8 t/ha) was Labor for H and I did not differ significantly. 
significantly higher than that ofjaponica (J) rices Irrigotion expenses were simila.. 
(6.8 t/ha) by 15rj. H outyict ded indica (I) rices by In summary, seed rate was the only significant 
0.9 t/ ha,or 15c4. J dominated in the southern part input difference between H and J and between H 
and I in the northern part of .iangsu Province. and i. 

The seed rate of H (21 kgi ha in thesouth and 27 Comparative benefils. Adoption of new tech
kg ha in the north) was significantly less than forJ nology strongly depends on its comparative 
(c6 kg ha) and I ( i00 kg, ha), largely because H economic benefits. Enterprise budgets prepa:ed for 
"as transplanted at I seedling/ hill compared with H, J, and I appear in Table 18. 
3-4 for !and .1. Ali farmers applied pesticides, ttYhrid versus japjnica rice. In the southern 
mainly insecticides. Pesticide use averaged signifi- counties, neither total returns (grain and stiNv) nor 
cant ly ighcr for H (39 kg' ha) than forJ (22 kg/ha) net returns differed significantly between H 
in the southern counties, however, in the northern ($1,040/ha and $492; ha) and .1($1,052, ha and 
countic.., both H and I farmers used 9kg/ha. Total $498/ha). 
N (260 kg ha i the south and 210 kg/ha in the Farmers received higher prices for J but had 
north) lrom organic and inorganic sources did not higher yield wih H. H has a shorter duration. 
differ .ignificantly from amounts applied to J and giving farmers more flexibility in establishing 
I. Labor for J was significantly higher than for H winter crops.
 
because of greater seedbed and transplanting time. Hybrid versus itticarice. The gross return from
 

aTable 18. Costs and returns ($/ha) by county and rice type, Jiangsu Province, China, 1984. 

Southern counties Northern counties 

I tern 
H J Difference H I Difference 

(n = 45) (n= 44) (n = 45) In = 42) 

Gross returns 
Grain 925 952 -27ns 849 723 126' 
Straw 115 100 15" 106 92 14 * 

Subtotal 1040 1052 -12ns 955 815 140"* 

lnpu.costs 
Labor 

Land preparation 
Estahlishment 

17 
92 

18 
110 

-1ns 
-18" 

16 
90 

19 
97 

- 3 ns 
-7ns 

Management 88 88 0 ns 79 80 -1 ns 
larvest/postharvest 68 74 -6+ 60 54 6+ 

Subtotal 265 290 -25-- 245 250 -5n s 

Nonlabor 
Seed 29 15 14- 37 17 20-
Organic fertilizers 
Chemical fertilizers 
Pesticides 

62 
69 
23 

66 
72 
16 

-4ns 
_3 n 

s 

7 ° 

42 
91 
13 

46 
74 

11 

4n s 

7 ns 
2n s 

irrigaion 22 23 1ns 19 21 - 2ns 

Electricity 4 3 1'q 2 2 0 ns 
Added capital for seedoed abomx. ain field 15 14 i ns 14 16 -2+ 

Tractor or draft animal 26 23 3ns 24 24 ons 
Machine thrPrsher 5 4 1 ns 8 6 2ns 
Indirect costs 28 28 0 26 26 0 

Subtota-r 283 264 19" 266 243 23" 

Total costs 548 554 -6" 511 493 18" 
Net returns 492 498 -6ns 444 322 122* 

ad =1hybrid rice, J = japonica rice, I = indica rice. b.. = significant at the 1% level by t-test, = 5% level, + = 10% level, 
ns rnonsignificant. 
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I-I ($955 ha) was significantly higher than from I 
(S815 ha). H had signilicantly higher grain and 
stra'o. yields, and H and I were similarly piliced. 

The net return was S444 ha for H ard S322 ha 

for 1, a clear ad 'antage for H in the northern 
counties iat c rlrCl Official ptices. 

Returns to variahle inputs. Value (S) and 
product!'ity (kg) indic,,,were calculated for labor 
and nonlabor costs. 

Ithhri( versus apoica rice. In the southern 
counties, (ie return:. to labor (S S) ', cre $2.86 d 
(or 1i atid S2.7 I d for J, and returns per labor day 
\%crc $2.78 and S2.65, neither difference being 

significant. Returns to nonl'ibor costs and to total 
costs did not differ. Farmeis made a901 return on 
variable oc)sts 'OShen,all were valted atC inputs 
official prices,. 

I abor pioductivitv (measuired in both kg per d 
and Sper i) was significantly higher for H than for 

J. Htowc '.e:, the productivity tf nonlabor inputs 
was sinificant l higher for .1.In consequence, total 

productivity did not differ significantly between H 

and .1. 
Ih'Yrid vter.su indlia rio. H w\as signiicanyl 

more profitable than I on all mcasures. II earned a 

significantly higher return to labor ($2.81 S of 
labor cost) than I(S2.23 Sof iabor cost). Similarly, 
returns per labor day were significantly higher for 
I ($2.36 d) thai for I (SL.93 d,1. Net returns to 

total cost for H were S0.87, and for I. SO.65, again 
reflecting the higher returns per S invested in H 
compared with 1. 

The productivity indices for labor and nonlabor 

inputs and for total productivity were similarly 
higher for H than for I, giving 1ia production 
ad' antage in northern .liangsu province at current 
)lficial prices. 

Economics of hybrid rice seed production. A 
surve\ o 8 male sterile seed producers and 21 

hybrid seed producers in Jiangsu Province 

pro' led data on seed production. This province is 
a major hvb, id rice region, with a vel-established 
seed industry.

The economics of cytopasmic male sterile 

(CMS) A-line seed multiplication, and F1 hybrid 
seed production were compared with H and con-

• 

ventional (() rice production. 


A-liw niluicarT. Total labor to grow a 
hectare of CNIS A-line averaged nearly 400 d 

across .Iiangslu Province (Table I9). 1,ilfAred wkith 
less than 300 d ha for H or C. Substantial labor 
'%as required (or transplanting (67 d ha), activies 
to ensure a good seed set (69 d ha). and barN esting 
and threshing (70 d ha). Ihe male parent is often 
transplanted 2 or 3 times to enure svnch ron' of 
flowerilg. (ho., ers cnsure good seed sel b\ 

spra\ ing gibberellic giim..th ,,timulants, clipping 
flag leaves to incicase panicle cxsertion, and 
dragging a rope across the ficl to transfer pollen. 

Nonlabor inputs I'm CNI S A-line production 

appear in Table 20. All ero'.s used pesticides, 
mainly insecticides. loud N applied exceeded 250) 
ku N ha. 

The average yield of the ('MS A-line kas 1.4 
t ha. with a range of 0.9-2.0 t ha. Maintainer (B) 

line yield aeraged 1.2 t ha. '.itha range oft).6-1.5 
t ha. 

FI/ rid.seed. i.abor to prod nec a hectare of F 

hybrid seed was 376 d (Table 191. almost as inuch 
a. for CM Slines, but 75 d ha higher than for H or 
C production. 

In nonlabor inputs (Fable 20). pesticide use 
averaged 46 kg ha. Total N a'.craged nearly 291) 
kg ha. 

Tlhe average yield l F , hvbri,.l -,cedk'oas 1.7 t ha 
with a range of 1.4-2.3 t ha. 

Costs of and ,'eturns to seed production. The 
prolita'ilities of'CMS A-line multiplication and F, 
hybrid sced production were calculated using 

Table 19. Means and coefficients of variation (in paren
theses) of labor inputs (d/ha) for cytoplasmic male sterile 
(A-line) seed multiplication and for F1 hybrid seed pro

duction, Jiangsu Province, China, 1984. 

F1 

Item A-line hybrid 
(r,=81 (n= 21) 

Land preparation 31 145) 18 (28) 

Seed selection and preparation 3 (33) 2 (21) 

Seed preparation and care
Transplanting 

15 (25)
67 (16) 

14 (40)
59 (19) 

Organic fertilizer application 32 (85) 13 (70) 
Chemical fertilizer application 
Water control 

13 (44) 
28 (18) 

14 (28) 
25 (25) 

Disease and insect control 15 (341 20 143) 
Weed control 17 154) 21 (40) 
Activities to ensure seed set 
Harvest and postharvest 
Others 

69 1401 
70 127i 
39 (48) 

35 (26)
70 (17)
30 (30) 

rotal labor days 399 (81 376 (7) 



IN F{RNATI()NAI. C'(IlAIORAI\N 607 

Table 20. Means and coefficients of variation (in parentheses) of nonlabor and recurrent inputs for cytoplasmic male sterile 
A-line seed multiplication, and for F 1 hybrid seed production, Jiangsu Province, China, 1984. 

A-line product hybrid seedF1 

It em % users 

Ptirchased inputs 
Pesticides 100 

Organic fertilizer 88 

Inorclanic fertilizer: N 100 


P 75 


K 38 


Total N 100 


Seed, fema!e parent (A-line) 100 

Seed, male parent (1/R) 100 

Machiery inputsa 

Pover tiller 100 

Machine thresher 63 

Irrigation costs 100 


aExchnle rate in 1984: Y2.70 = US$1. 

official prices for rice and labor in.liangsU Province 
ill 1984 


P'rice %mu/ wage ral's. The .1iangsu provincial 
govcrillennt sets rice seed prices. Farmers bought
I- h hrid Seed frot ct'yll1V seed companies for 

SI .375 I. on a\crage. The cOnintV seed companies 

bought -ine seed and I seed frorm seed 
prodtucCs at S1.28 1 1. TIe proportional price was 

1 )t (o)r tt and $116 t for I, l, and R-Iines, 

l. product, of hybrid sced prod.tetion. Straw value 

\kas S14.,80 t. The average govcrntnenl-declared 
\ IMate, S0.86 d, Was used as a prox\ (or family 
labor costs. 

BCcause the State oxins the land, and value is 

not included, nor is com.t of nione (interest rate) 
inest'd in seed n1ult;plicatioll. 

A-line /uilipclliol. Gross returns to A-line 
ntlt iplication are derived from (lhe A-line, the 
inaintainer seed. and the straw Gross returns 
ax eraged S1,992 ha (Table 21). The imputed cost 
of labor (S374 ha) and of nonlabor inputs 
(S353 ha) \Nere similar. The largest cash costs were 
for transplanting labor and inorganic fertilizer. 
The average net return to A-line multiplication 
s\as S1.264 ha. 

I '(:/11,r i, lion. Gross returns to F, seed 
produlction included tle Values of Fi seed, CR 
restorer seed, aind straw, averaging S2.488. Labor 
costs averaged S338, and nonlabor inputs $385 ha. 

Mean values/ha % users Mean values/ha 
(n = 8) (n =21) 

15 kg (58) 100 46 kg (82)
 
47 t (128) 100 33 t (79)
 
99 Rg (52) 100 150 kg (37)
 
39 kg (25) 81 53 kg (40)
 

3 kg (30) 29 47 kg(87)
 

268 kg (103) 100 288 kg (46)
 

30 kg (26) 100 35 kg (13)
 
11 kg (40) 100 9 kg (26)
 

32$ (47) 100 25 $ (41)
 
9 $ (121) 86 13$ (20)
 

23 $ (35) 100 21 $ (33)
 

Table 21. Profitability of producing hybrid seed, male 
sterile seed, and hybrid rice, Jiangsu Province, China,
1984. 

Item 

Gross margins 
Gross returns ($/ha) 
Input costs

Labor costs 
Nonlabor costs 

Total costs 

Net returns (S/ha) 

Returns to 

Labor ($/$) 

Labor ($/d)

Nonlabor ($/$) 

Total costs 

The net return to 
S1.765 ha. 

Male
 

Hybrid sterile Hybrid
 
seed seed rice
 

(n =21) (n =8) (n= 90)
 

2488 1992 997
 

338 374 255
 
385 353 273
 

723 727 528
 

1765 1264 469
 

6.22 4.38 2.84 
5.61 4.13 2.56
5.59 4.58 2.71 
2.44 1.74 0.88 

F, seed production averaged 

(om,'arative propilahilii'. Net returns per 
hectare were highest for F, seed production 
($1,765 ,ha) and lowest for H production ($469), 
with A-line multiplication in between at $1,264, ha. 

Returns to production factors are listed in Table 
21. Returns to labor, to nonlabor inputs, and to 
total costs vere consistently highest for Fl seed 
production, internmediate for A-line multiplication, 
antd lowest for H production. 
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RI'I PROI)UC'TION SYSIFMS OF Ili1F MAROVOAY 

IlAINS, MADAGASCAR 

Agricultural Ecotmics )epariment 

The Rice Program of FOFIFA, in collaboration 
with IRRI, conducted a farming systems s:'"Jy in 
1987 in the M arovoay Plains, a major coastal rice-

growing region of Madagascar. Researchers rep-
resented three FOFIFA departments and six 
disciplines, 

Participants rcvicwed past research, surveyed 
the region, and studied 127 rice farming house-
holds. The fa, I., ,urvey is summarized here. A full 
report, in French, is available from FOFIFA. 

Rice environments. Seasonal l ,oding and 

irrigation provide two major rice seasons in the 
Marovoay Plains: varY asara in WS on hydro-
morphic so;ls not seasonally flooded, and varjci. 
in DS in irrigated areas. A third rice type is vari 
atriatv (intermediate rice) grown on fringes and 
higher elevations of the floodplain. Jeby (47 ',:)and 
asara (3717w) dohi.":'.ie. 

Farm households. A typical hou:;''hold consisted 
of seven persons. Adult males averaged 4 yr of 
schooling and adult females 2 yr. In one-third of 
the households, members worked off-farm, usually 
as agricultural laborers, being employed an average 
of 2 mo yr. Off-farm work dec:ined as farm size 
increased. 

In addition to growing rice, most households 
farmed upland areas, growing maize, cassava, 
beans, peanut, and fruit trees. Farms;averaged 2 ha 
of rice and 0.5 ha of upland crops. The distribution 
of ricelands among households was skewed, with 
204 of households farming more than half the 

ricelands. 
The family work-force per hectare of riceland 

averaged 3.3 persons, but was strongly skewed, 
with 5W3i of the households having fewer than 2.5 

persons' ha. Thus, family labor per hectare was 
IOwN,sulggesting a need to increase labor pro-

ductiNitv. 
Atough cattle are important in Marovoay

farm ing, less than two-thirds of the households 

owneJ a pair of draft cattle, and less than 50%;, 
oxned herd cattle. A typical herd consisted of 
101-15 aninmals. 

Rice production systems. The timings of land 
preparation, transplanting, and harvest of jeby and 

asara rice are shown in Figure 7. Labor-intensive, 
traditional methods of land preparation are used. 

Typic,,lly, the luxuriant biomass of weeds is 
removed, by hand, before the field is puddled using 
animals. It takes about 40 animal days to puddle 
I ha, with 8-10 men driving the animals. 

Farmers grew a local variety, Tsipala, on 70(' of 

the rice area. Seedlings, averaging 25-35 d, were 
randomly transplanted. No respondent applied 
fertilizer, herbicide, or insecticide ol rice. Most 
farmers (9 l,7 ) weeded jebN ricc once: less than half 
(48f7 ) weeded asara rice. 

The labor input averaged 180-190 d ha. For 

jeby rice, labor wa:i equally divided among land 
preparation, crop establishment, crop care. and 
harvest And postharvcst activities. For asara rice, 
land preparation absorbed one-dird of the labor, 
with the remaining equally spread among the other 
three categories. Men prepare land, and women 
transplai:t and weed. Boilh men and women 
harvest; men thresh, and wonen winnow. 

Mean vields of jebv rice (2.2 t ha) were signi
ficantly higher than those of :isara rice (I. I t ha) in 
1987. 

Rice production constraints. Farmers identified 
factors limiting yield (Table 22). In jeby rice, 
farmers said that insects (Alarasnia separatella 
and tlispa gesiroi), rats, and water shortages 
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Table 22. Farmer-identified problems limiting rice yields by season, Marovoay Plains, Madagascar, 1987. 

Jeby rice Asara rice 
Constraint Problem important Most important Problem impottant Most important 

problem problem 

Varieties not suited 
Late planting 
Flooding 
Water shortage 

9 
48 
17 
60 

3 
28 

8 
45 

3 
38 
28 
76 

3 
24 
21 
66 

No fertilizer 
Insects 
Weeds 

6 
67 
57 

2 
55 
25 

7 
83 
41 

0 
76 
28 

Soil problem 
Strongt winds 

40 
49 

20 
27 

31 
24 

28 
10 

Lodging 
Rats 

31 
63 

3 
51 

24 
14 

0 
0 

Birds 55 28 38 17 

limited yields. Inasara rice, insects (, .w/araleia), average cost to produce jeby rice was about 
weeds, and water shortages wce the principal FMGIOO'kg; for asara rice it was FMGI75/kg. 
constraints reported. Soil-rclated problems (sail- Thus, the higher yields in jeby season more than 
niU were identified in both rice types. Lack of compensated for its higher cost.t) 
fertilizer and lack of access to higher yielding Twenty percent of the respondents reported that 
varieties w.ere not perceived as problems. they consumed all the rice they produced. Those 

Production costs and crop disposal. The pro- who sold rice kept more than half of their yield for 
duction cost of ehy rice was about FM(225,000 consumption. Many rice-fa rming households in 
ha. and [or asara rice, FMG200,O00 ha. L.abor the Marovoay Plains are on the border of sub
costs dominated production costs, accounting for sistence agriculture. 
8411 of'jehy costs and 78( of asara costs. The 
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('omunim( 'iional Pu/ liation, I'par!ntn 

Publications. At least 1102.000 copies of major 

I R RI publication:, were distributed during 1987. 

Of these. 57.00(1 %erc in Inglish: the others were 

translatin Lisgenerated thi'ough our copublication 

programi. 


Of the English ptu blications, 18(' wcre d istri-

huted free. mostly to key I hird World libraries. 

Almost all translations scre sold or sponsored bv 

donor !unds, 


Fourtecn books in 'nglish were released. An 

additionil ciht translations of IRRI publications 

werc (,0puhlishcd hy national programs. -The 

section on Publications and .;cmiinars has a full 

listinrg,1. 


[our issues of tlic IRRI repori'r.6 ilsucs of the 

htu'rt t'ionalric rv'n.cu h /w.ih'1;er(I P RN ).and 

thc IRRN .S'/,'l or crC dtistrihutCd
Iith'A I9S'6 ss 

to 1(0501(1rice \%skrs and 3.050)libraric
s in 151 
cmtintrics. I I icsue of lie /h'rlati ollal izolla 
11f'li /c'uh'r. (Ie tihC I (;/rhri"l ic 'cwu1',r. i]and 
%\o ifllhe ]ii'kr'a 'tll'ct'I lgcmlm'l( ,iIwsh'itt'r 

\c'rc published. light isucs of the IRIUR ' carch 

ilfler .'rh'.caine Out. 
Ihirt'y nc% s releases wcrc vittcn and distri-

buled, and the IRRI iri nartion brochure Was 
published inI'rer'h. 

Ses\en issues of Ri'ettb.suracs, which IRRI 
began publislingjoint;v with ('AB1 International in 
1986. were distributed. The Asian !)cvclopnent 
Bank has provided a grant to support 1.00)0 Rice 
ab.%rac s subscriptions for key agricultural libraries 
in ihe Third World for 3 yr. 

Editing and Publication training courses. The 
fourth and the liftih Editing and Publication 
(EdPub) training courses, sponsored by IR RI and 
the International DLcveloprinet Rescirch Centre 
(II)RC) of Canada. \erc held in 1987. Nineteen 
men and women from 14 cotntrics of Asia. Africa. 
and South Ancritoa receCixCd intcnsixc training in 
the principles and practices of Iheir profession. 
Fach trainee produced art iidix idIaI printed 
protect, and as a group each clurse produced in 

alumni newsletter and i lide tape show on a 
publishing-related topic. 

A 2-wk [Ed Pub course for 25 editors was held in 
.lunc in Ikijiig at the invitation of the Chinese 
Academy of AgricuIltural Sciences. A second 2-wk 

COrL se for 20 participants was held in November in 

Nairobi, Kenya. The Course was organized by the 
International Centre of Insect Physiology and 
Ecology and sponsored by IIDRC. 

Research on 1 fatrmersprineraniong women 
farmers. In a 1985 surscv anmong Filipino farmers 
in Negros and Cavite on the effectisencss of, A 
.JitrM'rs )rintcr on growing rice, we learned that 
the wives of many farmer-respondents read the 
Primer as comprehensively ats did their husbands; 
others read the entir, book to husbands who were 
illiterate or lacked the time to read. 

T[hus, we extended our study to determine the 
effectiveness of lthe Princr anong women farmers, 
using the 1985 methodology. 

Although 74§( of lthe women farmers scored low 
initially, high scorers increased more than 3 times 
after exposure to the Primer. The mean scores of 
the women farmers increased significantly, from 33 
to 44 poiits. Ile IihiCst post-test score was 59 
81 ((of the highest possible score. Knowledge gain 
was highest on the topic carbohydrate production 

tile topic on which knowledge gain was lowest 
among nale farmers. The women farmers who had 
more media exposure and training were more 
interested in technical topics such as carbohydrates 
and fertilizers. Our previous study showed that 
male 'armers avoided the more technical subjects. 
The group of' women who did not finish reading 

the book had more high scorers in the pretest than 
tht males who did not finish it. The women who 
read the entire book also had higher knowledge 
gain than the males who finished it. 

'OOP FR IIVIS ANt NHWORKS 

Rice Genetic Engineering Network. We continued 
to participate in the Rice Genctic Engineering 
Network organized and supported by the Rocke
feller Foundation. '[lenetwork aims at generating 
the knowledge and technology needed to apply 
advances in molecular and cellular biology to the 
genetic improvement of rice. [he network supports 
research at 35 collaborating in.,titutions in Aus
tradia, BIelgium, China, Colombia, France, Federal 
Republic ofIGermany, .Japan, Republic of Korea, 
Netherlands, Philippines, United Kingdom, and 
United States. 

Besides the fundamental investigations on rice 
molecular genetics, major emphasis is on the 



development of techniques for genetic transforma-
tion of rice. Potoplast regeneration was achieved 
in rice, and methods for gene transfer are being 
investigated. Several laboratories are identifying. 
characterizing, and cloning uclul genes. These will 
be utilized for transformation studies. Various 
protocols for transformation such asagrobactcriuI-
mediated DNA transfer, clectropolation, and 
nicroinjection are being investigated. Basic work 
on rice genetics has b-cn intensified. I.inkage maps 
have been associated with respective chromosomes. 
and new markeis are being added to linkage 
groups. Fighteen of the 25 iso/vines have been 
locat-d on 8 of tie i 2 chroilnoscncs. A restriction 
fragineni length polymorphism inap consisting of 
120 )DNA markers was completed thrcugh a 
collaborative project between Cornell Ui-niversitV 
and IrRI. Through the wide hybridization 
program %%c have transferred useful, gone.i for 
rcsistance to brown planthopper and whiteoacked 
planthopper. Studies 01n tilegenetics of patho-
genicity and the establishment of suitable tech-
niquies for race identification in blast and bacterial 
blight arc under wa. 

':firtcipalints In this reiireh coo(peratiVc meet 
once a Car. The IL)98iCeting will he held at I R RI 
in lilllu., 

Rice Genetics Cooperative. The Rice Gcenctics 
Cooperat ixe aims to foster cooperative research on 
all aspects of rice genetics. It has a coordinating 
committee with its secretariat at IRRI. Its four 
standing committees attend to various aspects of 
coordination antd international cooperation. The 
comittce on gene svinboliiation and riomen-
claturc has prepared a set of rules for symbolizing 
genes and monitors the application of thrse rules in 
Issigning symbols to new gcenes. Ile committee ol 
genetic ,tocls has prepared lists of marker stocks 
being maintained at two Rice Genetic Stock 
Centers. The committee on genetic engineering is 
monitoring progress in various aspects of genetic 
transformation in rice. Volume 4 of the Rice 
getwics newsletter was published in December 
1987. A meeting of the cooi tdinating committee of 

Rice (eietics Cooperative was held at IRRI on 
-24 Oct 1987. It was decided to hold the second 

International Rice (Cinetics Sympositim at IR RI, 
14-1;K May 1990. 

l~ifegrated Pest Management Project. The 
development of integrated pest management (IPM) 

tile 
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programs for rice requires information on the 
ecology of pests and of beneficial organisms in the 
rice ecosystem, yield loss assessment and action 
thresholds, management strategies, and the socio
economics of on-farm decisionmaking. IRRI has 
been collaborating with the Food and Agriculture 
()rganization Intercountry Program for Integrated 
!e,;t (',,ntrol in Rice in South and Southeast Asia 
in devloping training and extension materials and 
on-farm decision aids for implementation. The 
collaborative program emphasi.zes 

_training of farmers to acquaint them with the 
concepts of need-based pesticide applications 
and the role of natural enemies, with these 
skills, farmers can become better managers of 
their own fields, and 

0 rcgiwtl pest SurveIlhacc to enhance the 
decisionmaking skills of national agricultural 
policvnmakers. 

i)uring 1987 we developed a methodology for 
surveys to determine multiple pest infestations in 
farmers' fields, economic thresholds ior combined 
infestations of stein borers and lcaffolders, 
computer-based disease man:tgement expert sys
tems for interactive training, and coupled pest-crop 
models for determining the basis of yield tosses. In 
the future, IRRI will Cenpiasize environment
neutral research to provide practical decision tools 
for IPM. 

Cooperative for Research on Problem Soils. 
Research activities ofthe Cooperative for Research 
on Problem Soils began during 1987 with the 
identification of cooperating institutions and 
scientist, in Iindi.Indonesia, Pakistan, Sri Lanka, 
and Thailand. Preliminary experiments were also 
conducted. For details, see tilesections on Adverse 
Soils Tolerance and Integrated GEU Program. 

Members of the Cooperative met at the Central 
Soil Salinity Research Institute, Karnal, India, on 
14-18 Sep 1987, and planred a long-term research 
Frogran with special emphasis on breeding, to 
begin in 1988. The meeting strongly emphasized 
the participatio;. of plant physiologists in the 
cooperative and the exchange of breeding materials 
anmong members. 

CONIFN('IS.WORKSHOPS. AND MEETIN(GS 

The following conferences, workshops, and meet
ings were held in 1987. 
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January 

12-13 	 Training Workshop on Systems 

Analysis and Simulation for Rice 
Production 

6-27 	 Conference on Comparative Food 
Pricing Policy in Asia 

26-28 	 IFAD-IDRC/RF/GTZ/ADABCon-
sultation on Strengthening National 
Agricultural Research Systems (Italy) 

31-3 Feb 	 International Symposium on Rice 

Farming Systems: New Directions
 
(Egypt) 


February 

6-9 Climate and Food Security Sympo-


sium (Ldia) 

23-2 Mar Internal Program Review 


March Visits of External Manage-
ment Review Pael (Asia and Africa) 

9-14 Workshopon Research and Training 
9-14Worshoeserchand raiingrenceon 


Needs in the Field on Integrated
 

Vector-borne Disease Control in Rice-

land Agroecosystems of Developing 

Countries 


16-20 International Workshop on Rice Seed 

Health 


23-25 Workshop on Differential Effects of 

Modern Rice Technology on Favor-

ahle and Unfavorable Production 

Environments 


30-3 Apr Korea-IRRI Planning Session 

(Korea) 


April 
9-10 IIMI-IRRI Collaborative Planning 

Meeting 
9-12 Hunger Project Board Meeting 

May 
18-28 Varietal Improvement Monitoring 

Tour (Sri Lanka and Indonesia) 
25-29 	Workshop on Sustainable Agricul-

ture: The Role of Green Manure 
Crops in Rice Farming Systems 

June 
5-6 DA-IRR! Technology Transfer
Workshop 


10-12 1RRI-France Collaborative Research 

Planning Meeting 


22-23 

July 
24-1 Aug 

28-29 

August 

30-4 Sep 

September 
14-18 

20I Oct 

21-25 


28-10 Oct 

October 
1-2 

10-25 


11-17 


12-14 
22-24 

26-30 


27 

Nvme
 
November 

18-26 


December 
1-4 


5-7 
10-12 

Workshop on Rice Grain Quality in 
Domestic and International Markets 

Symposium on The Improvement of 
Tropical and Subtropical Crops at the 
International Botanical Congress 
(Federal Repulic of Germany) 
Integrated Pest Management. and 
Nutrient Management in Rice Work
shop 

18th Asian Rice Farming Systems 
Working Group Meeting 

Second 	 Meeting of the Cooperative 
for Research on Problem Soils (India) 
INSFFER Site Visit Tour and Plan
ning Meeting with ICAR (India) 
International Rice Research Conte

(Irrigated Rice) (China) 

Crop-Livestock Monitoring Tour
 
(China and Philippines)
 

DA-IRRI TLchnology Transfer
 
Workshop
 
Deepwater Rice Monitoring Tour
 
(Thailand, Bangladesh, and India)
 
International Workshop on Crop
 
Loss Assessment to Improve Pest
 
Management in Rice and Rice-Based
 
Farming Systems in South and South
east Asia
 
IRTP-Africa Workshop (Senegal)
 
Rice Genetics Committee Meeting
 
Deepwater Rice Workshop (Thailand)
 
IRRI-IIMI Meeting
 

Second Differential Impact Study
 
Workshop (Thailand and Indonesia)
 

Expert Consultation for Identifying
 

Issues and Developing Methodologies
 
for Measuring the Environmental,
Socioeconcmic, and Interactive Im
pacts of New Rice Technology
 
INSURF Planning Workshop
 
IRRI-Bhutan Workplan Meeting
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LIBRARY AND I)OCIJ MNIAIION CENIFR 

The 1986 supplement to the International biblio-
graphy of rice research was released in 1987. The 
808-page volume contains 8,011 bibliographic 
citations on rice literature. Also included isa list of 
rice literature translations acquired during 1986. 
An additional 84 serial titles were scanned for the 
compilation. The bibliography is arranged ac-

cording to subjcct matter, with author and keyword 
indexes, 

At the end of !987, the Rice Literature Search 
System, which became operational in 1985, had 
rice literature entries covering the years to 1987. All 
the original documents rcpresenting these citations 
are in the library's book and periodical collection 
aid are being utilized to reply to wvorldwide 
requests for rice information, 

The following publications wcre also issued in 
198'7: 

0 	Theses and dissertations on rice available in 
the library of the International Rice Research 
Institute. 1987 supplement 

* 	 12 issues of' Library list of recent accessions 
(January to December 1987) 

All the above publications were distributed, free, 
by the library to more than 600 libraries and 
documentation centers in the rice-producing world. 
A large number were also sold to subscribers. 

There was a marked increase in the number of 
requests for information, particularly from India, 
Bangladesh, and Indonesia. Assistance in library 
organization and management, and in the selection 
and processing of special materials such as 
microlorms, maps, pamphlets, and ephemera, was 
also given. 

)uring 1987. the library provided in-service 
training to a liarian from the Bangladesh Rice 
Research Institute. 

Lectures in literature searching and library use, 
and library tours were given to IRRI scholars, 
trainees, and visitors. The library also handled 
computer literature searches, textbook purchasing, 
thesis and diss:ertation binding, and provision of 
certificate folders. 

Researchers and students from the Los Baflos 
community, Metro Manila, and Central Luzon 
used the library facilities. The requests were not for 
rice literature alone, but for other disciplines as 
well. 

At the close of 1987, the monograph collection 
(books, pamphlets, reprints, and translations) 
totaled 83,954. Serial titles reached a maxinmum of 
3,474 dutring the year, but a ew were excluded at 
year's end. Maps and iiicrol'orms were als added. 

To keep the scientists informed of the latest 
publications on rice, the library continued cir
culating tables of contents of newly received 
journals within IR I and to several stations in 

Indonesia, Bangladesh, and Africa. The library 
also forwarded to the Commonwealth Agricultural 
Bureaux International (CABI) citations of Japa
nese and Chinese publications for inclusion in the 
CAB database, and the original documents for 
abstracting. The library was also a test site for the 
CABI CD-ROM Project. 

During the year, the library sent input sheets of 
its serial holdings to the International Crops 
Research Institute for the Semi-Arid Tropics for 
the preparation of a union catalog of serials of the 
Consultative (Groupon International Agricultural 
Research (CGIAR) (enter libraries. Likewise, to 
improve access to the knowledge base of the 
CGIAR centers, the library forwarded copies of 
"nonconventional" IRRI literature to CGIAR for 
inclusion in its Preservation and Dissemination 
Project. 

EXPERiMIAt FARM 

During 1987, the Experimental Farm planted only 
27.6 ha for seed multiplication and fer rice for 
IRRI employees at Christmas. The following 
varieties and selections were planted: IR20, IR62, 
IR64, 1R65, IR66, IR442, IR841, IR28224, 
IR28228-12-3-I-1-2, and IR42029-38-3-3-2. Cover 
crops like sesbania and crotalaria were also 
multiplied to supply the needs of the research 
departments. 

A total of 25,497 rats were killed in IRRI fields 
during the year. 

A total of $246,994 was paid for contract labor 
for land preparation (caraba, and landmaster) 
($30,718), planting and weeding ($68,935), and 
bird watching ($147,341); 59.7,;.of the amount was 
spent for bird watching. 

Farm income for 1987 was $56,438 (Table 1). 
As of year's end, we had in our seedroom 

10,930 kg of seed valued at $3,551, and 15,528 kg 
of rough rice valued at $2,259. 
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Table 1. Farm income, IRRI, 1987. Analyses (thousand) 
160 

Item Quant;ty Value 140(kg) (US$) 

120
 
Seed
 

IR36 636 139 100 
IR42 385 84 
IR43 10 2 8o 
IR48 
 264 58
 
IR50 108 22 60
 
IR52 
 444 38 40..
 
IR54 
 77 17 1977 1979 19801 1933 1985 19871R56 
 24 5 1978 1980 1982 1984 1986
 

339 76
IR60 I.Output of the Analvtica; Service Laboratories, IRRI,
IR62 
 257 56 1977-87.
 
IR64 
 10,784 1,966
 
IR65 
 186 134
 
IR66 
 15,060 5,067 Researc. The search for safe extraction
 
IR841 


44 10IR282243-2-3-2 
 110 36 iimethods and for rapid and reliable methods ofIR23228-1-3-).1.2 
 66 21 
 analsis was continued.
Rice for milling 66,932 9.277 hulq,;ivelrc," 'ulzll plast.n (ICA P)
Milled rice (1R64 and mixed varieties) 33,333 , -

Milldd rice (IR84") 
 910 .vN't'I'oml('t. The I(AP is a high-speed, auto-Glutinous rice 3,787 mated system for multi-element analysis. Using an
Flint maize 32Rejected maize 14 ICAP is faster than using an atomic absorption
Green supersweet maize 1,018 spectrophotometer(AAS) because the ICAP has aRice bran 62 linear dynamic range and aillows simultaneous 
Sebania crtalaria 19478 
 analhsis with a single aspiration of sample. Since 

the Model 3510 ARL ICAP was acquired, thefollowing have Len done preparatory to its adop

lion for routine analysis: 
0 Standardization 

.l IIAI. S.RVI(E L.AIIORATORIFS - Scanning to identify the optimum wave
length

Output, staff, and budget. The Analytical Service - Correction for background continuum 
!.aboratories (ASL) ran 151,556 analyses on 81,747 emission
 
samples for 71 parameters in 1987. As in the past - Preparation of calibration standards
 
years, the nunher of analyses performed was close suitable for plant and soil samples (root
 
to tile 150,000 mark. the apparent maximum mean square error < 2%)
 
capability of ASI. with current space, equipment, 0 Test runs
 
and personnel (Fig. I). 
 -Na, Ca, and Mg analyses have been 

ASI. \sas operated by astaff of 23, consisting of successfully done in ammonium acetate
tile manager. 6 research assistants, I research aide, extracts of soil samples. Analyses of Ca
I secictaty. and 1-4technicians and laborers. With and Mg in the ICAP do not require
4,71) lahor-hours of overtime and about 5,800 expensive lanthanum oxide required in
labor-hours of emergency hired help, ASL atomic absorption spectrophotometry.
aeraged nearly 3 analyses labor-hour, or about - P, Fe, and Mn have been successfully
21 min analysis, analyzed in wet ashing digests inplant

Initial fnding for the year was $6,000 for samples. Pdetermination by lCAPspectro
supplies, hourly help, and overtime. ASL earned metry is faster than the colorimetric 
[)Carl\ S120.000 on the charge-back system. Ad- method presently employed.
ditional funding ofS 10,000 forequipnment at year's -Zn and Cu values in plant samples
end was used for 2 microcomputer systems and a extracted with I N HCI are comparable to 
ulicro\asc dige.,ter. those obtained by AAS. 
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--	 Further tests need to be run to refine K and 

Al analyses. 
Simultaneousamnonium-N andurea-NanalY-

sis. Floodwater samples of bothsubmitted for analysis 
the determinationrequirecommonly 

urea-N. The existing procedureNH 4+-N and 
analyzes these consi';.uents in two separate Tech-

nicon Autoanalyzer I systems. A hybrid manifold 

for simutanecus analysis of NH4 +-N and urea-N 

using Technicon Autoanalyzer 11 systems has been 
designed. 4The new procedure showed improved 

resolution and detection limit for both analyses. 

Carbon and nitrogen analyses. The following 

use of themodifications have been made in the 


Perkin Elmer Model 240C elemental analyzer: 


* changing the copper tubing of the 02 and He 

inlet systems to polytetrafluoroethyiene tubing 
to facilitate checking for leaks in the gas lines; 

an6 
* 	running two blank runs daily to prevent deteri-

orat;on of the valves and to maintain the 

instrument a, "run-ready" condition. 

PESTICIDE RESIDUE LABORATORY 

Sample load. The Pesticide Residue Laboratory 

(PRL) received 1,128 samples for complete analysis 

in 1987. Of these, 809 were water samples to be 

tested for residues of regularly applied organo-
phosphates and carbamates as part of the Experi-
mental Farm waterways monitoring project for 

pesticide runoff. The Entomology Department 
submitted 116formulations of various pesticides as 

it wound up storage degradation studies it had 
started in 1984; another 55 samples were submitted 
for carbofuran, carbosulfan, and CGA 73102 
residue analyses. PRL also determined mono-

crotophos levels in 123 gauze patch tests for the 
Safety Office's authorized pesticide applicator 

program. The Agronomy Department turned in 16 

samples for paraquat analysis. The remainder were 

samples from the Plant Physiology and Soil 

Microbiology Departments. A total of 7,558 

ainalyses were done on these 1,128 samples 

(Table 2). 
The Cereal Chemistry Department sent in 29 

samples and the International Rice Testing 

Program 18 samples for fatty acd methyl ester 

analysis. 

2. Analyses performed by the Pesticide ResidueTable 

Laboratory, IRRI, 1987.
 

Complete injc 

Test 	 analyses only 

G64Carbotuian 
838DiazinonIsoprocarb 838 

Monocrotophos 838 

Butachlor 809 
BPMC 809 
Acephate 809 
Carbaryl 809 

809Chlorpyrifos 55C~rbosulfan 55CcA 73102 

Paraquat 	 16 
9 47Others 

477558Total 

aGas liquid chromatography. 

Experimental Farm waterways monitoring 

project. The Pesticide Residue Laboratory has 

been monitoring IRRI farm waterways for residues 

of the pesticides commonly applied by IRRI 

researchers and of those pesticides on which 

Philippine Government regulatory agencies have 

set limits. 
The water samples taken from IRRI waterways 

from the 1986 dry season (DS) to 1987 DS show 

that organophosphates and carbamates constitute 
the bulk of intact pesticides in IRRI runoff. No 

organochlorine pesticides were detected in any of 

the samples. The levels of total organophosphates 
and carbamates were at the I ppb level on the 

average, ranging as high as 20 ppb on occasion. 
These levels fall within the limits set by the Laguna 
Lake Development Authority and the National 
Pollution Control Commission of the Philippines. 

I'HYTOTRON 

Fifty-seven research projects of 1I departments 

were conducted in the phytotron from January to 

October, and I project through December 1987. Of 

these projccts, 43 were new and 15 were continuing 

experiments from 1985 and 1986. The users were 

senior staff, visiting scientists, postdoctoral fellows, 

and scholars. 
Among the growth rooms, the artificially lighted 

cabinet (Koitotron H-NL) had the highest oc
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cupancy rate (95%), followed by the glasshouses carried out on 959 treated and 4,328 untreated seed 
and the Conviron (92%). The HNL cabinet was lots. Eleven incoming seed lots were rejected due to 
used throughout the year for growing azolla severe seed infection with Apleh'nchoides besseii. 
germplasm collections. The occupancy levels of Standard SH U treatments were administered to all 
other rooms ranged from 80 to 88%. Most of the incoming seeds. 
experiments lasted from 3 to 10 mo. SHU conducted crop h, ait!) inspection on 3,866

As in the past, the drying oven and cold room entries planted during DS and 1,376entries during
facilities were heavily used. The aeroponic equip- the wet season in the seed increase plots of IRTP, 
ment in the glasshouse room was used regularly for IRGC, the Plant Breeding Department, and other 
screening roo': characters. Fifty-nine requests were IRRI departments. The entries inspected included 
accepted for Lhe use of the oven, cold room, and incoming seeds. Significant diseases were sLeath 
leaf area meter. rot and narrow brown leaf spot. Rice tungro,

The phytotron spent $172,121 for electricity and ragged stunt, and grassy stint viruses were not 
$2,145 for diesel fuel in 1987. These expenditures observed. 
included the cost of energy "lsed by the Mass Three researchers from Laos, Thailand, and 
Spectrometry Laboratory, Personnel/ Scientific Vietnam attending the GEU Seed Production 
Supply Store Building, Soils Laboratory, and Program and Hybrid Rice Training Program spent
Plant Physiology Department (formerly Tissue I wk training in seed health tests and quarantine
Culture Facility). Fifteen scheduled and un- methods for rice in the SHU. 
scheduled power interruptions were recorded, a
 
total of over 148 h. During interruptions, the two
 
generators were used. 
 ()MItJIEI SERVICES
 

Forty-four facilities were serviced and tested for 
 During 1987, response times and user service 
standard perfoimance in November and Decen- maintained high levels (response average 0.13 s;
ber. A new boiler was operated for water resource availability index 74% and decreasing;

dis'illation. 
 r 

system availability 98.78%), even though 16 
additional ports were made available to bring the 

S:EI) HEAL It UNII total to 56. 
The IRRI microcomputer population grew to 

The Seed Health Unit (SHI) processed 810 around 300 during the year. Many of these were 
requests for phytosanitary certification during also used for data storage and analysis, relieving
1987. These consisted of 97,991 seed lots from the load on the mainframe. HowevL1, many data 
1,550 sets of IRTP nurseries, and 40,749 from all have yet to be added to the central databases, and
 
other departments, including International Rice the present system will be unable to store the larger

Germplasm Center(IRGC) material and breeding databases 
 of GEU, the Soils Department, the 
lines a total of 138,740 seed lots. Samples were Agricultural Economics Department, and others 
drawn from 5,645 untreated seed lots and 5,633 for on-line processing. At present most data 
treated seed lots for routine seed health tests processing is run in batch mode. 
(RSHTs). Based on RSHT results and 3pecific At the end of 1987, the Computer Center was 
requirements of the importing country, seeds were reorganized. Following the recommendations of 
subjected to phytosanitary treatments of hot water the External Management Review, the Center 
(52-57 'C, 15 rin)or mancozeb and benomyl seed began to plan for the near and long-term future. 
dressing applied at 0.3Y~ by weight. All materials Four items stand out: 
were fumigated with aluminum phosphide prior to 0 First is the plan to fill an urgent need for a 
dispatching. general database to give scientists ready access 

A total of 12.733 seed lots from 26 countries (63 to the vast amount of information at IRRI 
shipments) were received by SHU for postentry that is not easily available to them for the 
quarantine ,'learing. Of these, 36(j had been design and management of research. This step
treated and 64(1 were untreated. RSHTs were will also remove the direction and control ofa 
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user department from IRRI's database, since 

it limits access by others. Under the aegis and 

management ot the reorganized Computer 
) O.k.cdServices, access by all will 

anitlcr majorSlihe second is the plan to I'il 
for
need for specialized computcr programs 

the design, conduct, and analysis of cxperi-

mnents. Over and above their nccd foi a 

common database, scientits must be able to 

simulate experiments and cxp~ore ,)ptiton. 

item in the 1p!an is to• The third major 

computerizeia(ministrativc function,, at IRRI, 

since all such functions have lagged far behind 

the research departments in :omputerIzation. 

a l-he fourlh and very critical area is com-

puterization of project budgeting and control 
and admi-

--- the interface between science 
IRRI moves into programnistration. As 

management in 1988, each project needs to be 

budgeted and monitored continuousY. 

To implement these activities, an additional 

VAX 8350 computer was installed together with 16 

via an "Ethernet" networkterminals connected 

using fiber-optics cabling. For the ongoing nerd to 

store, process, and disseminate data, the Computer 
to IRYI'sCenter commenccd procts expand 

identity suitable databasecomputer network, 
voice and datamanagement systems, and imnpro'. 

to facilitat, the dissemination ofcommunication 

information stored in 1RRI's databases.
 

COMMtU NWA IION StII'POR I 

The Conmnicatio and Publications l)epartmen 

n addilior to its ed toral. information.(CP)), 
distribution, and research functiors, pro,,idcs in

support scr\iccs to IRRIhouse communication 
include typesetting, art and programs. These 

desiga, printing, and audio-vistiil s,rx ic s. 

CPID printed 24 millions pages, ill :,ouse, in 1987 
major(not including the printing of books and 

are contracted out). Aboutperiodicals, which 

120,000 slides were produced, 8t(' in color, About 

6,000 pieces of black-and-white artwork were 

drawn, and about 10,000 black-and-whitc photos 

were developed. 
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Publications and seminars 
II IIR \I 1()\S 

-WtIl( nR.t IT) fIih[1 i:ions aie lisicu the 17 major books produced by the Communication and publications
I CiIi HItn. OlA %crc cophliled in9 multilanguage editions. 8 monographs in the I R Ri Research Paier Se,ie511 ',1C 
On a lltc, and 7 periodicals. Si', sequent sect ions list the output of indis iduai scient: sts by department and,tpc,: 


.Idtitioiil hhiloeiaphiec prtiduccd b\ the L.brarv and I)ocumentation Center. 

Instiltile ptlhiicationIi 

\,oil I c, itistie,, 19S5. 276 p. 

(obhal ,,pct, of loud iroduction. 460 p. 

I'hs siiai nt.'isrcmcnt in flooded rice soils: the Japanese 


uildo;t'icLcs. 69 P. 
Sirenvijinji- nattional \,. and rice research systems.h,.eat 


55 p. produced for the International Fund lor 
Agricultural I c..clop[nit) 

t'pland ricr: :iglobal pcrspcctlic. 364 p. 
Iliceiesc,,Of trogccn fcrt li/cr for rice. 261 p. 

licaih,:r323 p.,iifd rie. 
,,Ila1 atim. 30 p. 

, larnlr', primer ofn gro, ing soybean on riceland, by 
'ure,, 

JAIarmer\ pri:ncr ,n'rowing cowpea on riceland, by 
R.K IP 211) p. (jointly with I ITA) 

R.K. Pander. 21k p. (jointly with IlTA)
 
Antualep 639 p.
icp rt for 11),V) 

IR. for It6.90
R I highlights 
N farmc 'pimcr on 1Miing rice (Lao edition), b B.S. 

\Vreara. 221 t. 
Ii'1ghits of outstanding larmers(Tagalog edition). 114 p. 
1iclpful insccl,,. friends of the.,pidrs.and pathogens 

rkc kainir ( [nelish. French, Ifoko, and lagalog 
cditiou). hs it. Mi. Shepard. A. 1. Farrion, and .1. 
A.Lit'ingcr. 13,0 p. 


Fiel prblcls it tropical rice (Sinhala, Malagasy. and
 
Khnier editions). 172 p. 


hlutetnational 	bibograph., of rice research: 1986 sup-

pleinnt. 81)p. 


R,.wr, Paper Sri,.s 

123. 	 I'pland rice insect pests: their ecology, importance, 

and control. b..1. A.Iitsinger. A. T.Barrion. and 

[)andi Sockarna. 41 p. 


124. 	 A revieNs of agronoinic wheat research at the 
International Rice Research Institute, by P. K. 
Aggarsa.. S. P. 1.iboon, and P. A. Morris. 12 p. 

125. 	 Source-sink relationships in ciop plants, by B. 
\'cnkatcsVallI and R.M. Visperas. 19 p. 

126. 	 1he effctivenCsIs Of language: a study of two rice 
cmensioti publications in English and Ccbiiano 

among English-speaking change agents in the 
Philippines. by M. M. Haque,T. R. Hargrove, and 
P. L. Estehan. 6 p. 

127. 	The effeciivencss among farmers of A .iarinerN 
primeron ,rlin , rile in two Plippine dialects, 

by V. L. Cabailla and I. R.Hargrove. II p. 
128. 	 Evaluation (if 12 insecticides against green leaf

hopper for preenting rice tungro virus disease, by 
R. F. Macatula,S. . Valenci::. and 0. Mochida. 
9 p. 

129. 	 Solar radiation and rice productivity, by B. 
Venkatcsw\arlu and R. M. Visperas. 22 p. 

13t). of turnaroundA model res(iurcc constraints on 
time in Bangladesh, by A. Oir and N. Magor. 15 p. 

Peri (i1a/. 
International rice research newsletter, Vol. 12, noF. 1-6, 

plus Subject index 
International aiolla newsletter. Vol. 3, nos. 1-2 
lecpwater rice, NN. 12 
Hybrid rice newsletter, Vol. I, nos. 1-3 
Integrated pest management newsletter, Vol. I, nos. 1-2 
Rice genetics newsletter, Vol. 4 
IRRI r.porier, 4 86, I 87,2 87, 3/87 

Administration 
Swaminathan M S (1987) Abnormal monsoons and 

economic consequences: the Indian experience. 

Pages 121-133 in Monsoons. J. S. Fein and P. L.
Stephens, eds. John Wiley & Sons, Inc., New York. 

Swaminathan M S (1987) 1l.The emerging global 
agricultural scenario. Andrew Sharman Memorial 
Lecture. .. R. Soc. Arts 135(5376):891-910. 

Swaminathn M S (1987) The green revolution. Pages 
27-47 in The future development of maize and 
wheat in the third world. Centro Internacional de 
Mejoramiento de Maiz y Trigo, Mexico. 

Swarninathan M S(1987) Opening address. Pages !-6 in 
Conservation with equity: strategies for sustainable 
development. International Union for Conservation 
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of Nature and Natural Resources, Cambridge, 
United Kingdom. 

Swan'inathan M S 1987) Prediction and war'ing 
systems and international government and public 
responses: aproblem for the future. Pages 607-619 
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Training and Technology Transfer 
Nathaniels N Q R, Druba P,Chettri G B, Samiano A R 

(1987) Comparison of IR36 and local varieties of 
rice in farmers' fields in Bhutan. Int. Rice Res. 
Newsl. 2(5):6-7. 

Nathaniels N Q R, Druba P,Chettri G B, Samiano A R 
(1987) Performance of improved rice varieties in 
farmers' fields in Bhutan. Int. Rice Res. Newsl. 
2(5):4-5. 
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Ranmie/ C M. I)ilag R 1 Jr..,Ilaws I I),CalloI1) P .hi.. Proceedings, symposium 2511 internation al cOurse 
Wat anahe I (19A6) Additional notes on the 14-day in land drainage: twent.v-five vears of' drainage 
test A/olla ada[-tability oinsoils fioin tarmer's field, experience. .1.Vos. ed. International Institute of 
Philipp. Agric. ()9:0(65-673. ILad Reclalnation and Improvement, Wageningen, 

Seshu I) V. I )ennin (i . iamaril C P (1987) Rice in The Net herlands. 
Malawi and I an/ania. IRIT' Bull. I. International Tabbal 1) F, Ilihivan S I, Murray-Rust I) 1t(1987) 
Rice Research InstitLue. P.O. Box 933, Manila, Farm-level effects of irrigation system design and 
Philippines. 72 p. operation problems. Pages 1-19 in Irrigation design 

for management. Asian Regional Symposi In, 
Water Mnaigement Hlvdlaulics Rescarch, Wallinglord, iUK. 
BIlhliyan S I (1987) irigatiln technology for IFnd l'apay N F, [-art\- A (' (1987) lntegrated research: 

prodlctioi: expectations and realities inSouth and socio)Cco iinin ic evaluatlon of systc iiiwide irrigation 
Soutlicast Asia. Pages 325-334 in Water and water wiiter management. Agric. Admin. Fxt. 25:1-12. 
policy in snilId food supplies. W. R.Jordan, ed. Tapay N F,Simbahm G, Murray-Rust I) H1(1987) 
Iexas .\&M I'nisersits. lexas, USA. Eivaltion nI comllmunial irrigation system per-

IBhuianiiS I,Shepa rd It M 11987) Modern rice tech- Iformancc in the I'hlippines: the case of farnmer 
:olog.\ and its relationships to disease vector irrigation oranaiation. Agric. Admin. Ext. 25:
 
propagat ion. IPavcs 10-17 in l41ecls of agricultural 127-141.
 
dc\clhmiicrnt o sector-bore diseases. FAO AGI. tndan R C. Bhuiyan S I,Agua M M (1987) The need for
 
MISC 12 87. Rome. di :linage systems improvement in the Philippines. 

BLiuan S I. I indan R C(1987) I)rainagc in rice culture Phil. Agric. Frg. 18(1):22-25. 
in the Asian humid tropics. Pages 56-73 in 

SFMINARS 

IhLirsd av scm inars and special seminars cover a wide range oltopics. Saturday seminars report ongoing IRRI research. 
I nlcss niherwise stated, the speakers were IRRI staff nembers. 

Thursdla seminars .\n underwater and archival search for the original 
11R l's rescarich agenda inthe context of' global rice towns of' 'anauan and L.ipa in I.ake Taal, Philip

see i ri, Io)r. M. S. Swaiiinathan. pines. )r. T.R. Hargrove. 
(u t ticii ities cliciica, control group at tle Rice research and production in Burma. Dr. P. B.a of 

)epaltinleit of I'illoriology. I)r. 0. Mochida. Escoi, professor emeritus, Universit. of tile 
i ,in tle \ Mld i 'tential of rice. Dr.B. S. Vergara. Philippines at Ios I afios, College, Laguna. 

SCll -Icaiicc in the Philippine Livelihood Prograin. R. I:ndirg htger: creating an idea whose li tte has come. 
(i. )aid. chief' of stal, New Moement for Ms.,loan Illes, global executive coordinator, 
I.isclilioid and )e',clopiiicrit, The Hunger Project. USA.Manila. 

I, itOfa id litr production anid conservation. I)r. W. F Functional ed ucatiol I for deCeIipmeri. I) r. \V. S. 
I arson. protlessor and head. Department of Soil (iriffith, projet consultarit, SFAM F ) CII)A 
Science. I niersity 4oMinnesota, USA. Project. Si-ARCA, (College, Lagur:. 

I-RI \ IS housing teclnology. Mr. S. G.Aquino, Jr.. Rice culture inNorthern QuecnIsland. I. Kay, senior 
presidcnt aid general tmanager, FRIN IhIising enitom logist, I)cpartment of Primary Ihdistries,
SelllCmocrit. Inc.. Manila. Queensland, Australia. 

I'rcpitin- to 1V'iid actually I]\ ing basic travel and RecerntI irrigatiln de\clo piicntrs inSri L.anka a chal
airlilc procedures. Ms. IL.C. (iutierre,. manager, Icrige ioaithird world economy. I)Ir. N. Ranawceia, 
Ihinas Cook, I RRI SuIP-nffice. \isiling scientist. Agricultural Economics

I ii'.iniriieiital rniariagenieiit for disease vector churllol. I )epartinlcnr. 

I )Ir. R.Bos, scientist. IPlanning Managerient and Ihteidisciplinaly crop research: challenge !'orsimulation 
)pcratirns, I)ivision of Vectol BIiology and modeling. l)r. F. W. 1.Penning de Vries, visiting 

('iti l. WIH), (;Cneva. scientist, Multiplc Cropping I)epartment. 
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Inheritance of plant and internode elongation ability in 
rice (0r1-za .aiiva I,.). 1)r. R. Thakur, visiting 
scienltist and Dr. I). IlillcRislambers, plant 
brcdcr., Plant Breeding I)eptnient. 

The 	OCCltirence of sutlfur deticiency and the sulfur-
LCmIaind relationship in Asian agriculture. Dr.G..1. 
Blair, l)eparitnent of Agironoi\v and Soil Science, 
tni,,crsit\ of Ncv England. Arimidale. N. S. W., 
Austi alia. 

I he efe.kctienelss among harief sof .1-1 wirsprimeron 
i,'rotlln rict, o Philippine dialects.in Ms. V. 
Cabanilla. 

Problems and prospLicts in dehicring IPM to farmers. 
Dr. P. F. Kenmore, regional programme co-
ordinator. FAO,UNI)P. 

Jlhe inC\ colInmuiiicatiol technilogiCs: some ttili/ation 
trends. I)r. F. l.ibrcro, chairm ai.n,l)epartient of 
l)ecfopinent Communication. UPIl, College, 
I.aguna. 

ApprachCs to rutal extension: ciiphasis Oil linking 
research and extension. Dr. C. F. Aiucena. director 
Of cxiCnsit. ITP1l1, College, laguna. 

IR RI bc\ Oild t1e extcrna IPOgrLIll anlinanagenielit 

re,,ic\,s.l)r. M. S. Swaminathan. 
('an research creati\ it.be managed? Dr. R. V. Cuyno, 

directo . Research Management Cctiter. 1PI.B, 
CoilleCe. lagMa. 

Mtldefliig the ticfild rat. )r. F.1enigno, postdoctoral 
lelhb\,,t nllohligv I)epartmcnt.lii% 

)ccp\ atcr rice inWest Africa: some progress and 
colistraints. I). F... latigura, postdoctoral fellow, 
Plant Irecding )epartmcnt. 

Ne, approaches to integrated pest nanagement illthe 
triopics. Piof. 1. R. OdIiaibo. director, Inter-
national Centecr lor Insect Phvsiology and Ecology 
1(1PiPF), Nairobi, Kenya. 

Management of crop residue to riiaxiiiie asymbiotic 
nitroge;i fixation in tropical agriculture. Dr. I). G. 
Patriquin, soil biologist, )alhousie University, 
Halifax. Canada. 

l)epartment of Agriculture's thrusts and policies. Atty\. 
1).Ba:-bosa, undersecretary of agri'ulture, Depart-
mlein. Of Agrictilt Lire. Philippirtes. 

Can Sutflitcast Asia produce whca ? I'otential and 
co:sto aints in rice-based cropping systems. Dr. P. 
K. Aggarwal, visiting research fellow, Multiple 
Cropping Department. 

Floral 	biology of rice in relation to hvbrid rice seed 
production. Dr. H. Nanai, associate professor, 
Institute of Agriculture nild Forestry, University of 
Ts kUha. Sakiranura, Ibaraki-kcn 305, .Japan. 

Phvsical cdaphology of lowland rice soils and tillage for 
rice-based cropping systems. Dr. B. Mambani, 
pistdoctolal scientist, Agronomy )epartment. 

The sustainability of rehabilitation in rice-based irriga
tion systems: a comparative analysis of selected 
systerns in the Philippines. Mr. C. Wensley, research 
fellow, Water Management D)epartment. 

Surviving, prosperiov,, and the IRRI timepiece. Dr. D. J. 
Greenland, former deputy director-general, IRRI, 
and director for scientific services, CAB-Inter
national, Wallingford, Oxon OXIO 8 I)E, UK. 

How insect ecology can solve rice farmers' pest problems. 
)r.K. I.. Hcong, senior rescarch officer, Central 

Research Laboratories, Malaysian Agricultural 
Research Development Institute, Serdang, P.O. 
Box 12301, 50774 Kuala Iunpur. Malaysia. 

Internationaldialogueon plantgencticresources: a plant 
brecder's ,icw. Dr..1. Hardon, IRRI Board of 
Trustec, Centre for ienetic Resources, P.O. Box 
224. 6700 AI Wageningen, The Netlerlands. 

Tilapia genetics and aquaculture developnient: a new 
research perspective. Dr. R. S. V. Pullin, director, 
Aquacult, rc IProgram, IntCrnational Center lor 
L.iving Aqu atic Resources Manage
nient (ICLAR N). Makati, Manila. 

I)cvelopingecologic:J 	tunotcls to predict tlie pcrformance 
of rhi/obitn in tropical soils. [)r. P. Singleton, 
NiITA I. Proicct and M IRCEN, Department of 
Agronomy and Soil Science, University of Hawaii, 
P.O. Box 0,PAIA, Mauli, HI 96779, USA. 

Soil structure and water stability of aggregates 
incasure rent and modeling. Dr. G. Voss, col
laborative research scientist, Soils )epartment. 

Rice improvement for rainfed environments in Bihar, 
India. Dr. B. N. Singh, visiting scientist, Plant 
Breeding Department. 

Causes Of low rice vields ina predominantly rainfed 
region in Irdia. I)r. M. I). Pathak. 

The new paradigm lfor agricultural research with resource 
poor farmcrs: the opportunity and challenge for 
IRRI. Dr. R.Chambers. Institute of Developmient 
Studies, University of Sussex, Brighton, England. 

The Kampuchea 	rice economy: an overview. Dr. P. L. 
Pingali. 

Strengthening IRRI's international programs. Dr. F.A. 
Bernardu. 

Saturday seminars 
Evaluation of twelve insecticides for green leafhopper 

Nepiotett.x virescens(Distant) (Homoptera: Cica
dellidae) control for preventing rice tungro virus 
disease. Mr. R.F. Macatula, Mr. S. L. Valencia, 
and Dr. 0. Mochida. 

Flysiology of short-term varieties. Mr. P. Sta. Cruz, Mr. 
I). Aragones, and Dr. G. Wada. 

Raising the yield potential of rice. Dr. B. S. Vergara, 
plant physiologist and head: Dr. B.Venkateswarlu, 



visiting scientist; and Dr. J. K. Ahn, research fellow, 
Plant Physiology Department. 

Farming systems research: tile Kaen UniversityKhon 
approach. 1. Charoenwatana, Plant Science 
Department, Khon Kaen University, Khon Kacn, 
Thailand. 

A socioeconomic perspective of an upland, acid rice 
environment, Claveria, Misamis Oriental. Mr. A. 
Mandac and l)r. .1.C. El-n. 

Women in rice farming systems: a preliminary report of 
an action research project in Sta. Barbara, 
Pangasinan. Ms. T.Paris and Mr. 1.Duff. 

Differential impact of technical change in rural labor 
markets in favorable and unfavorable areas. Mr. E. 
Bautista and l)r. ".C. David. 

An investigation of power requirement of tileIRRI 
axial-flow thresher. Mr. B. Ramos, research 
scholar, Agricultural Engineering Departmeni. 

Computer application in agricultural engineering. Mr. 
1. Calilung and Mr. A. Maiaredo. 

lsovncs in rice breeding. l)r. .1.C. Glaszmann. 
Combining ability and heterosis over environment in 

relai,) to hybrid rice oreeding. Dr. Young Jubao, 
research fcLlow; and Dr. S. S. Virmani, plant 
breeder, Plat Breeding Department. 

Genetic and associated studies on rice seed protein. Dr. 
V. V. Shenoy, research fellow; and Dr. D. V. Seshu, 
global coordinator, IRTP. 

Rice and mungbean pest control practices in a drought 
and flood prone rainfed wetland environment, 
Solara, Cagayan, Philippines. Mr. B. Canapi, Dr. 
.1. A. litsinger, and Mr. A. T. Barrion. 

Studies on some selected plant derivatives as paddy/ rice 
protectants against stored grain insects. Dr. G. 
.lilani, postdoctoral scientist; and Dr. R. C. Saxena, 
entomologist, Entomology Department. 

Sampling rice insect. Ms. E.Ferrer and Dr. B. M. 
Shepard. 

N and P content of azolla collected from the Philippines. 
Ms. C. Ramirez. 

Economical way of applying P to azolla. Ms. M. T. 
Lapis. 

Chemical environments of aerobic soil in rice growth. 
Mr. D. K. Kundu, research fellow; and Dr. H. U. 
Neue, soil chemist and head, Soils Department. 

Influence of soil drying ott the chemical changes of 
flooded soils and rice growth. Mr. P. K. Patra, 
research fellow; and Dr. H. U. Neue, soil chemist 
and head, Soils Department. 

Nonwaxy 	 rice from tapuv (rice wine) production (a 
cooperative study). Dr. P. C. Sanchez, associate 
professor, Institute of Food Science and Tech-
nology, UPLB. 
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Food grain forage legume intercropping in rice-based 
farming system Mr. P".Tengco. 

Landform, surface hydrology, and rainfed rice adapta
tion. Mr. P. Agustin. 

Studies on breaking seed dormancy in Seshania rosirata 
(Brem. and Oberm.). Mr. Md. Ruhul Amin, 
research scholar; I)r. D. P. Garrity, associate 
agronomist, Multiple Cropping Department: and 
Dr. R. C. Mahesa, assistant professor, Department 
of Horticulture, UPI.B. 

Sustainability of cropping systems in an acid upland 
environment. Mr. R. Magbanua and Dr. D. P. 
Garrity. 

Adaptation to seedling age and hydrology in mediun 
deepwater rice. Mr. V. Quimsing and Dr. D. P. 
Garrity. 

Farm-level management systems for green manure crops 
in different rice environments. Dr. D. P. Garrity 
and Dr. J. C. Flinn. 

The IRGC's role and services: germplasm conservation, 
seed disseminaticn, and technical assistance to 
national rice research systems. Dr. D. A. Vaughan 
and Dr. T. T. Chang. 

Herbage production in a rice crop under natural 
deepwater conditions. T. Kupkanchanakul, Huntra 
Rice Experiment Station, Ayutthaya, Thailand; 
Dr. B. S. Vergara, plant physiologist and head, 
Plant Physiology Department; and Dr. A. Y. 
Robles, [)airy Training and Research Institute, 
College, Laguna. 

Genetic analysis and virulence in the blast fungus, 
Aagnaporihegrisea. Mr. E. Borromeo. 

Effect of tungro-associated viruses on rice symptoms 
and yield. Dr. A. Hasamuddin, iesearch fellow, 
Plant Pathology Department. 

Effects of water deficit on rice blast diseas,, develop
ment. Mr. L. M. Sanchez, research assistant; Dr. 
M. A. Gill, research scholar; Ms. A. Mackill, 
research assistant; and Dr. J. M. Bonman, associate 
plant pathologist, Plant Pathology Department. 

Trichodercna-a potential biological control agent in 
rice-based cropping systems. Dr. A. Nagamani, 
postdoctoral fellow; and Dr. T. W. Mew, plant 
pathologist and head, Plant Pathology Department. 

Seasonal changes of yield determining process of early 
maturing cultivars. Mr. F. T. Parao and Dr. S. 
Akita. 

Growth and yield of monthly planted IR cultivars. Mr. 
F. T. Parao and Dr. S. Akita. 

Relationship between nitrogen absorption and yield of 
paddy plants. Dr. G. Wada. 

Characterization, quantification, isolation and conserva
tion of N2-fixing BGA from rice soils. Ms. S. 
Santiago-Ardales and Dr. P. A. Roger. 
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Evaluation of mineral solubility relations in flooded 
soils. Ms. I. B. Aduna, research assistant; Mr. F. B. 

Zarate, research assistant; Mr. 1). K. Kundn, 
research fellow; l)r. P. R. Blootn, visiting scientist; 
and Dr. 1-1.U. NCc, Soil chemist and bead, Soils 
)eparttnent. 

Soil ssatcr rcteition: deteriiiinatitiil and application. Nir. 

PF.lolentino. Ms. M. .. Ra/al, and l)r. (1. Voss. 

Relatiolhip between nitrogen, photosynthesis, and 

grain yield as affected bN timing anvi method of 
nitliogcn application in transplanted and direct 
seeded lowland rice. I)r. H. F. Schnier, collabora-
tie research fellow: N1. l)ingktuh., collaborative 
research fellow; Mr. .1. F. Faronilo, research 
assistant. Ms. C. B.Javellana, research aide; Ms. F. 

P. Marquescs, research assistant, Mr..I. E. I,. 

Wijangco, research assistant; and Dr. S. K. De 

Datta, principal scientist and head, Agronomy 
Department. 

Effect of nitrogen tining atid watcr deficit on nitrogen 
dynamics and growth of rice. Mr. F. Castillo. 
research assistant; Mr..I. Siopongco. research 
assistant; l)r. R. ,I. Buresh, visiting scientist: )r. K. 

T. Ingrain, associate agronoti ist: and )r. S. K. I c 

Datta, principal scientist atnd head. Agroi .ins, 

)epartment. 
The 	effect of traispliantiig Fchinochloa ghibr ''cs, .c, 

with rice and possible control Methlods. )r. A. N 
Ran, postdoctoral scientist; and Dr. K. MoIody. 

agronomist, Agronony I)elartment. 
Physical and management determinants of effective 


farm reservoir use in rainfed rice areas. Mr. P. G. 

Watson, collaborative research fellow; Mr. .. C. 

Guerra, research assistant; and Dr. S. I. Bhuiyan, 

agricultural engineer and head, Water Management 

Department 


Water management for improving farm productivity in a 

coastal irrigation system Ms. M. A. Lantican, Mr. 


A. R. Sumayao, Mr. 1). F. Tabhal, and Dr. S. I. 

Bhuiyan. 
A progress report on pesticide levels in IRRI waterways 


1986-87. Mr. R. A. R. Natividad, Mr. A. R. 

Sumayao, Dr. B.O.J.uliano, and Dr. S.I. Bhuiyan. 


Fate 	 and efficiency of 'N-labeled ,Seshania rostrata 

green manure and urea in lowland rice. Mr. T. K. 

Biswas and Dr. S. K. De Datta. 


Special seminars 

Synthetic plant growth regulators. Dr. M. Halmnann, 


The Wie/mann Institute of Science, Rehovot, 

Israel. 


Quality of Hewlett-Packard (HP). V. Ang, managing 

director, Hewlett-P'ackard (ASEAN). 


Modeling the climate-genetic interacions in rice. Dr. .1. 
I. Ritchie, professor, I)epartment of Crop and Soil 

Sciences. M;chigi-n State t niversity, USA. 
Interparticle bonding and still pericabi lity. I)r. W. W. 

FImerson, (SIR) liision of Soils, Adelaide, 
South Austt alia. 

The management of I aguLii I akc and its wkatcrshcd. M. 

I). I.ope,.-inmber. I tresidcntil (omni/ittec fot 

ILaguna IFake. 
A datahase nanagetlntli svstell lo (11:1'. )r. I. N. 

Octavio, potdoctoral fellow, I)eparimmnt of 

Statistics. 
Soybean gernipiasm pools biochemic,!. strulrl,i il. atid 

physiological evaluations l) r. 1). A. Vaughan. [he 

Land Istitute, Solina, Kansas. 
Global food policy issues and agricultural r,:c!arch 

priorities. M r. .1.W. Mclor, dircCtor. I Mtr[ilat ional 
Food Policv Rcscat ch Institute, Washington, I).( 

IUSA. 
PIhysiological crilciia ill selection lor salinit', tolerance. 

1)r. A. R. YCO, SussxCX I!niversity, I.K. 

Carl Zeiss licroscopy semainar. 
Net, discoveries concerning carbonate chemistry in "set 

and flooded sc ils and iiplications for crop 

nanageincnt. I)r. P. R. Bloon. visiting scientist, 
Soils I)epartment. 

lie 	 Food and lertili/er 'lechnology Center in pers

pecti e. I rof. C. I-1.HIuang, director, Food and 

I-ertilizer Technology Center (FFIC), Taipei, 
Iaiwani. R. 0. C. 

A,olla: the second arisen sun. M. Asfta, manager, A/olla 
Research Project, Iranian Research Organiation 
for Science and Technology, No. 71, Forsat St., 
[nghelab Avenue, Tehran, Iran. 

Flhi!ogue with Los Bafios Integrated National Police and 
barangay officials on security measures. 

Complexation mooels and the absorption of ions on the 

surface of avariable charge system (soil:root). Dr 

L. Chailet, EAWAG (Swiss Federal Institute fir 
Water Resources and Water Pollution Control). 
Switzerland. 

Agroecosystems analysis. Dr. G. Conway, director, 
Centre for Environmental Technology, Imperial 
College of Science and Technology, London SW7 

2AZ, England. 
Seed vigor and associated studies in rice. Dr. V. 

Krishnasamy, postdoctoral scientist, IRTP. 

Research and development on rice at Instituto de 

AgrOquimica v Tecnologia dc Alimentos IATA). 

Dr. C. Benedito de Barber, Valencia, Spain. 
Handling of statistical data in agricultural research. ID)r. 

). .1. Finney, director, International Statistical 
Institute Research Centre, The Netherlands. 
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i)turahle disease resistance as an objective for plant The unlimited potentials of the human mind. .1. T. 
breeders. R. Johnson. Plant Breeding Institute, LicaucC, head, The Human Resources Division, 
Camhridgc, Fngland. Andres Soriano Corporation. 

Socio-ccouonoic impat oIf plant d,caw, Dr. K. (GIAR and IRRI's luture. )r. M. S. S',aminathan. 
\.iaramur+o h. prolcs,or of clto)logg\. Depart- Recombiiint IDNA e..permnCnt anu gidelines. Prof. 
Illent (1l tto lttg)e I Col1orliC /ool.1\. I h H. Ilho , chairman, I)epartni n, of (ieneties.illld 
State Ilni\rit\ of Nov, icr Z gcr,. Cook I nmsersity. ('layton. .ictoria 31t8,. mL \irah 

t I n eu, 

11:,.'903. 

Collcgc,P.(). Bo 231 N t ik,Ne .tlec, \ ,\tstriali, 

'S.\. (cuet •of resistance to bros n planihopper. Dr. R. 
Maltri+,e of he (1r n Res ohltion: implication or the Ikeda, plant breeder. Nationa lohoku Agricultural 

,ko-ld icc maelkct, )r.I1). (). Mithel. senior Fxperiment Siation, Japan.
 
economist, Interational I conomics l)'partment.
 
World Hank. Wsl,.,hton. D.C.. U:SA.
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Staff changes 
.laionu4r 
Dr. 	Osainl Mochida. cntonio!ogist. Entomology 

l)pa rt nicnl. Ilt IP.RI to Join the Tropical 

,A:riculture Rescarch (enter in Japan upon 
terinaiition of hi, depiltauon pe iod. 

I)i. V. Pal Singh jOinwd the Instit itas consultant 

in the Asian l)e chopmCnt P ank-fundCd IR I, I 
S pecaIA ProIect on ,\dvcrsc Soils, Soils 
I )cpartment. 

I)r. \W \. [lnerm, (omlonxcalth scicntific 
and Industria! Rescar¢ih Organi/ation, 
Aust ralIa. arri\Cd to wvoik Iscornsultant in the 
Soils )cpi'rtmcnt lorl Imo. 

Dr. 	 K. AHUiri, agronomist plant brccdcr, Inter-

national Inst itton. 1 I-ropical Agriculture, alld 

joint coordinator for International Rice 
I csti n' Program-Africa, Joined as interim 
IR RI liaison scientist for West Africa. 

Iwlniunl 
Ir. Geore.. Norids. 

A&M tUniversitv, joined the institutc as 
associate :enginer in the Water 

"1eultural 'tDr. 

Manageincnt l)epartnent. 


i)r. Iniianuel (iuiderdoni, Institut dc Rccherches 
AgronomiiqUcs TrC,picales ct dies Cultures 
Vivrircs (I RAT) Centre International de 
Recherchc Agronomiq uc pour Ic Develop-

oind the Intstitute as visiting scientist
pement, 
in the Plant Breeding Department. 

Dr. E. A. Siddiq, plant breeder, IRRI-Egypt
Collaborative Procft, rejoined te Indianh 

CollabOtieArclturl. rejouedhe Indan 
Council of Agricultural Reseach (ICAR) 
upon :crrninationt of the project. 

l)r..iack M. Swagerty, seed specialist, IRRI-Egypt 
CollaboratixCe ProjeIct left upon termination 
of the project. 
W.er.W. Emerson. consultant. Soils epartment. 
left alter conipleting his assignment. 

iaclnh 
Dr. Z. R. Khan. collaborative research scientist, 

IR R I-International Centre of' Ins<ct Phvsiol
ogy and Fcology Project, was appointed 

associate entomologist in the same project. 
attached to tle l-ntollology I)cpartiment. 

Dr. Frank W. Sheppard..Ir., research y.stems 

specialist IR RI representative in Bangladesh, 
retired, 

Dr. Robert F, Huke, visiting scientist. Agricultural 
Economics Department, left aftei completing 
his assignmcnt. 

Dr. Gregor .1. Wells joined as consultant in 
tile Training and Teclinology Transfer 
Department. 

April 
Dr. 	 Prabhu L. Piniali, economist (consultant), 

Agriculture and Rural Development Depart

menit, World Bank, joined as associate 
economi st in the Agricultural Economics 
Dcpartmcnl. 

Dr. 	Paul S. eng. associatc procssor, )cpartmernt 
of Plant I'atli-logy, University of Minnesota, 

joined as nhnt pathologist in the Plant 
Pathology Department. 

)r. 	 Alastair W. Orr, visiting associate economist, 

Agricultural Economics Department, left after 

completing his assignment. 

la 
Kisscn Kanungo, consultant, Director 

General's olice, left after completing his 
assignment. 

Mr. Ramesh I). Sharma, chief editor, Kheti, 
I(AR, India,joined as visiting editor for 6 mo 
in 	 the Communication and Publications
Department. 

)r.J. Samuel Fujisaka. visiting scientist, Uni-

D r1 fSme Philippines at Los Bafios, was 

appointed associate visiting scientist in the 
Agricultural Economics Department. 

June 
Dr. Jean-Christophe Glaszmann. visiting associate 

scientist, IRRI-IRAT Collaborative Project, 
left after completing his assignment. 

Dr. Amir U. Khan, agricultural engineer and head, 

Agricultural Engineering Department, left to 
join Winrock Internationai in Cairo, Egypt. 

.l/ 
Dr. Robert F. Stickny, agriculiural engineer, 

Agricultural Engineering I)epartment. left the 

Institute. 
Mr. Paul A. Cooper, director, Budget and Ac

counts, left the Ins'itutc. 

http:Sheppard..Ir


l)r. )ennis .1.Greenlaad, deputy director general, 
Ik:itJoin the Commonwealth Agriculturalto 
Bureaux Intcrnational (CABI), United 
Kingdom. 

Dr. Paul R. Bloom, visiting scientist, Soils 
Department, left after completing his assign-
ment. 

Dr. Sang-Won Ahn, visitin, associate pinnt 
pathologist, IRTP, w\as appointed associate 
plant pathologist. IRTP. 

Mr. Sea F. ()'Con nor, consuhtil Computer 
Cent ,r.was appointed comnlputCr hardware co-
ordinat( r and acting head, Computer ('enter. 

I)r. Duncan A. Vaulghnlll. pO.stdfoctor a fellow at 
the LaPd Institute, Salina, Kansas, joined as 
asSocite Q:eneticist in the International Rice 
Gern plasm eCnter. 

l)r. 	Bert .1. 1o1ff. associatc professor, Louisiana 
State 1)niversity, joined as visiting scientist in 
the Plant Breeding Department. 

Mr. Khin Win, mana.ging dircctm . Agriculture 
Corporation, Ministry of Agriculture and 
Forc-,t. Rangoon, Burma, joined as visiting 
scientist to work wit h Dr. %i.I). Pathak. 

I)r. K. lakahashi, associate professor. Tohoku 
IUnivc,itv. 'oined as visiting Scientist in the 
Plant P'athology )epartment. 

Ms. Jill Marie Sullivan, language consultant, 
Woild iealth Organization, joined as con-
sultant in the Training and Technology 
[ransfcr )epartment. 

Auu.t 

Dr. 	Fernando A. Bernardo, director, Southeast 

Asian Regional Center for Graduate Study 
and Research in Agriculture, joined as deputy 
director general of the Institute. 

Mr. .loseph K. Campbell, professor, New York 
State College of Agriculture and Life Sciences, 
Cornell University, joined as visiting agri-
cultural engineer in the Agricultural Engineer-
ing Department. 

Dr 	 Andrew Dua, honorary research scientist, 
Multiple Cropping l)epartment. was ap-
pointed consultant in IRTP. 

Mr. 	Edward N. Sayegh, financial controller and 
treasurer, International Center for Agricul-
tural Research in the Dry Ajeas, joined as 
director. Finance Department. 

Dr. Nicolas Mateo, senior program officer crops, 
International Development Research Centre -
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Latin America, joined as associate visiting 
scientist in the Rice Farming Systems 
Program. 

S 'w/nber 
Mr. I)c\inder Shainma, de\clopment correspon

dent, Indian Express, India, joined as con
sultant in th'. Communication and Publica
tions )ef;artinent. 

I)r. 	J)cnnis .1. Gireenland. director for scientific 
service, CABI, joined as special consultant to 
the director general. 

I)r. Darshan Singh Brar. professor of tissue 
culture. )epartment of Plant Breeding, 
Punjab Agricultural University, joined as 
associate plant bieeder in the Pl:at Breeding 
)epartment. 

N( vemher 
,Mr. R. 1). Slarina, visitihg editor in the Com

inunication and Publications fDepartment, left 
after completing his assignment. 

Dr. 	Edward D. Spratt, principal consultant of 
Agronomics International, Saskatoon, 
Canada, joined as pioject manager for the 
IRRI-Egypt Collaborative Project. 

Dr. George C. Krajcsik, regional director of 
Compiuter Services ahd Information Centers, 
Cadbury Schweppes, Stamford, Connecticut, 
joined as software coordinator and head, 
Computer Services Department. 

Dr. Dennis J. Greenland, director for scientific
 
service, CABI, left after completing his
 
assignment.
 

December 
Dr. Yong-Won .lean, associate agricultural en

gineer, Agricultural Engineering Department, 
left the ,nstitute. 

Dr.Gregor J. Wells, consultant in the Training and 
Technology Transfer Department, left after 
co:npleting his assignment. 

Dr.,John M.Wilson, University College of North 
Wales, joined as visiting scientist itthe Plan, 
Physiology Department. 

Dr. 	 Robert E. Hukc, professor of Geography, 
Darmouth College, joined as visiting scientist 
for 3 mo in the Agricultural Economics 
Department. 
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Finances
 
offinancial support to IRRI core and to special and collaborative pr*):ects received in 1987." 

Summary :.sinIlnt (1 '.,$)" -


Special and 
('oi c colltboirll .c 

prolect I otalInrestricted Re tricted 

Details of sources of support from grants
 

Ihlet'national [i n kor Reconstruction and
 
2.100,J002. 100.000I)C% lop'ti.- it 6.581.1165.586,934 994.182 

.apauce,-l( crIIIoeCtI 

a llci.ll'rI .nisl itllIotn United(ONCIx ..,e uclr 1,3X9.1131,389.113
K diicrtOII 1.351.440

Awich 1,351.440InIcillatwir [' t-c"Cipliienta(,inItli 

4.050.140 1.447.235 5,497,375 

I nite(] 'that,\gcn[,Iti helt1,1iownal I)eLklpment 
664,600 664.690 

\.iaii Ilr hCIIni Bankpl 

i95. I S 904.5567018.73 

1cdclal k(plibhC I (;CIllldill\ 7 5  
'- l I 6( 2.295.3752.289.3)1)I)eselu'puInitcd Nalioi ' IIIt l'ior it

A t e 
2.))44,292
 

1 UlIIpeaI I 0,1o 1i111C 
 2.044.29-2(' inIIiiiit\ 
19)0,71 I.036.896046.185

.A'(.Iallill (rs\I IIIICir 6.21,21451.047 560. 17 
I".cearch ('clCriticI telltutirlna)l I piii:iit 

5(2.358502.358 
(ot.'rullltent Stedn'rtr 

63.122 433.234370.112
(ir Clrle ii l)Li:iiralkwiint 

l 250.))) 50.00)) 300.))0 
Ss I)eehlpmlfllt ('roperlatlmn 

355,400 343.0) 698.400) 
Rocketcllci Iriidatlii 

80.000 244,000 624.)00))300,000
Iod FuLndiilation 492.651291,754 20O.S97 
(ijr\ClIIIilClit (t lhc NIlhct LiJIdN 

246.782246,782
(i\ler iIn t01 India 233,481233,481
(;\teriiIenitnl I I'l1and 116.619116,669
(uiernnitilt olNorv.ki\ 

154.329 154.329 
I ,porting (ountries()Olanlwaltoll ot l'tioleirin I3),76)130.760

irs iinie l oi I ,rrieu' 
98,))) 98.)))

KoICa
(lice ol Knial IOctc hloplilcnt. 
83.030 )13,)30 

(io\Ciinicnt ilthe islamic Republic itfIran 
53,530 29.132 82.662 

(tiilinclt o the Ihilippine, 
5).00050,000

Icople's Republic ol (hina 
3),00030,000

(oir\ernmclit of Knrlln 19.44619,446
(is rninent ot Mexico 15.02515,025
(hscrnilent olNc. ZcalInd 

48.611 48.61 I 
Miscellaneous research grants 

Funds reimbursed under collaborative research program 
89,441 89,441


Research InstituteIiternationial I tod ['olie 1.63781.637
itlInsect Physiology and EcologyInternational (',:ntre 

65,107 65.107 
ReourcNCS M anageileint Internatliotnal. Indonesia 

62,7 12 62.712 
tni ct..ism i (,iit'-et 

50.1100 50.)))0 
Istitito pet li (li i cI( l lcricnoire 

45,514 45.514 
Internatiotial -etlicr Descluptiient ('Center 


I I isiiig Aquatic Resiurces
Intetiat;inal (eli :r 
33.845 33.845 

Iartap ile t 
21,163 21,163 

II CIsits 0 In alliiii i 
16,553 16,553

Ititetullionl (lop 'rotcclion(onNtollitii o 
15.642 15,642 

Inititie it I toipical AgricultueIniternational 13.814 13.814 
:SI)A Ini\cs it. ot ,lint.te,ola 

8,132.879 15.218,264 5,988.7)) 29,339.843 
I ota) 

h\ grarnrtor, inthar tIe hI1a'. 
aihsis.Art inruit,,shir n in holdlte dl lt I rtir 1987 pledges

'RLCcIIts alrCi nciiiLd l(ilitc hi 
irt 1917 plctlge thui arc anicipateud to he rtcesed 

eleh'ct'11i1 6 or 19)86m I I pri\ided IR ItliesctfIn 987 i lit relect thetill illlrrrlrlpledge re-rtd ices 
ithe Gr)teiriint tlIlance hrr gh litee e r c lrlgii,.itins iRS I tm and IRA 

inIcs ,\Also. Itr 

heir sei1 ices cannorlrt tic quailititd
IC C-IIn salut" iII hrIIhCC.lsiR t t Is'lli.tile 



Weather summary 
I lie 19,,7 annual rainlfall totals v,crc 1,660 mm for 
the lard\ (ipl.ndl sie and 1,577 mm fmr the 
\,ctlaid h ,l d ,ndsite( I able I). IIlese '.hlc\,rs \% 

414 inn icLi than iirnial It -the drand sie and 
445 inln h ci thim nornal lor tile\',-tland site. A 
-4-no LIr pcri0d lcCUiirrcl 1r0mn .laniir to April 
) l i. IlieC0h LltcedI, Spell ,C.pCreiiced v~ah 

; 14 .1 t) 2 lCh). I lie inchst ct ,pcl. 12d. 
t~ellI.u rcd hCIv,.',. I:1 i ,ii .1\1 and IIf mt the 

Vkcllanld ,it,..III n InI ii\. 19X7 ,a,, dsrv cOMiii Lid 
to 
 nlitial, vIth Ic\l ,'rtrolical ,toriin. 

I hi ,I%Lr-I le ar tadiation \%a is16.0 \1I n1' per 
kidi tic d \ lilid sIc;ii d 16.N M.Ill- pelr d at the 
\Ctilnd ',i,.I I .ilhC I). Solar radiation \;as ,i'lieI.'st 

i \hl\ (21.7 1. l . perdha! th.1dr,,land site and 

\pIl 2 .2 MI. )at thu ula (Flii'pc ct d sit . 
1 ,M\1C ,,it mli %,ia, in I ;i.'c;diatiOii nhcr (1 1.4 

\1.I In p i ,l at Pi, t sthlboth ,itc unshine at the 
l ,,iihn1111 


9 .). 1 Ill ilid h ,\\.Cstin )cCnLIb r (3.9 h). 

,',dt stle% , 1) . t I~')M arch to %Ia\ 9.4. 

ihc .!,C'rae ll temperatures ,cic 31.9 o 
'li,1\\tttiiiiand 23.5 o( iiinimtmnl t the drvland 


",IleL l t iIIxIIIila
; 10 .') 
I and 23.2 " minimum 

it the v,tcland site. Ilhe a\Craee nmaXiirnum 
o(.
'11X

icipri ii \ asl,IOi\ st at thle 
.C I111

dI\I
r ld site inM(
I)c.ClI hcI. at 28.) (, aid If Jam i at th,." 
%,.ctliilld ,lie.at 2N.) o(. itvas hlghest at
(II.\ land site in \%I\ . at 35.5 ', and at the 

the 
etland 

slite;do iiiMa,. at.440 D(.'( Fig. 3). Ihe 

tennclatilnrc eraccs klsest in 

,.ith 21.2 o( at thedrvland site,and 21). i atthe 


crc I' February, 

Windspecd icaured at 2 Inabo e the ground
 
kki, hiieh,est in 1ehruary. vith 2.1 in s at the 

drtland site and 2.0 in s at the v,ctland sitc it was 
,\s,,etat [lie dv lanid site in ()ctober, with 1.2 In s. 

and at tile vketland site in September. with I. I ro 
.. 

)il l'\aporatio Irom the class' A pan was 
hilhir at the dIvliand site (I .896 im) than at the 
%ketl~iid lite I1.742111m) I able 1, Fly. 1a 

0I the 16 tropical cclones that passed through-

Ih li hihIIilli' reelI,,.sp<onsibility ri ng 198,7., )t v/I 
alffcted los IhIos. although not directly,bringing 
torth intensified rain and wind,. 
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Ronfoll (mm/10 d) 
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I. Rainfall and evaporation by 10-d period. IRRI, 1987. 

Midaay vapor pressure 

Solor radaoon (t.4J/m 
2 ) Tempetoture (*C) deficit (kPo) 

36 35 
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---- Wensit2. Solar radiation by 10-d period. IRRI, 1987. 
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3. Average monthly temperature and midday vapor pressure 

deficit. IRRI, 1987. 


