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Foreword
 

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

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

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

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

At the same time, we must ensure that our research 
continues to contribute to achitving the Institute's 
objectives and goal. Through enhanced linkages 
with non governmental organizations and the private 
sector, we seek to design research of relevance to the 
rice farming community. This will increase the 
efficiency ofthe research agenda in a time ofshrinking 
resources. 

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

Klaus Lampe 
Director General 
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Roberto T. Oficial. 8.. rts'iri'/aide" PROJECT MANAGEBSENT SERVICES AND
B IOMETRICS 

Kwanchai A. Gornez. Ph D.head 
SOIL AND WATFR SCIENCES V.A. Samaranayake, P/i D.visitingsctientist'
Heinz-Ulrich Neue. P/h1, soilchemist and head Grace L. Reyes,BS,senior research assistant"
 
Sadiqul I1.Bhuiyan. Pi 1). agri'udturalengi/eer' Violeta I.Bartolotne, BS.research
' ssistant
 
Guy Joseph Dunn Kirk, Ph 1), assoi'ite.wsilchelnist Genma Mercedes Belarnino, BS,researh'assistant
 
To Phuc Tnoig. P/i D. water/ talage/entetlgineel Rowen 1. Calinga, BS, research assistant'
 
Gaston Aniedee. Ph . visiting
scientist' Lanie L. Criseno. BS,research assistant
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Using this report
 

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

The research reported here follows the ecosystem-
based organization that wcn'.intoeffect on 1January 
1990. All research activities are reported under one 
of the five research programs: Irrigated Rice, Rainfed 
Lowland Rice, Upland Rice. Deepwater and Tidal 
Wetlands Rice, and Cross-Ecosystems Research. 
Other activities are reported under the five 
international programs: Germplasm Conservation 
and Dissemination, Information and Knowledge 
Exchange, Networks, Training, and Country and 
Regional Projects. 

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

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

Genetic Resources Center (Cermplasm 
Conservation and Dissemination Program) 

Information Center(information and Knowledge 
Exchange Program) 

Deputy Director General for International 
Programs (Networks) 

Training Center (Training Programs) 
International Programs Management Office 

(Country and Regional Projects) 

Informationontheresearchprogramscanbeobtained 
from the program leaders or the research divisions 
noted on the table of contents for each program (pp. 
3-4, 51, 83, 105, 123-124), following these 
abbreviations: 

AE = Agricultural Engineering Division 
APA = Agronomy, Physiology, and 

Agroecology Division) 
E = Entomology Division 
PBGB = Plant Breeding, Genetics, and 

Biochemistry Division 
PP = Plant Pathology Division 
SM = Soil Microbiology Division 
SS = Social Sciences Division 
SWS = Soil and Water Sciences Division 
The other abbreviations and acronyms used in 

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

The report uses the International System of Units 
(SI), with a few exceptions. Monetary units are 
usually in U.S. dollars ($); if not, exchange rates are 
provided. Control or check normally means an 
untreated control. Grain yield is calculated as rough 
rice, and protein content as a percentage of brown 
rice, at 14% moistuie content. Yield refers 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 
(P'0 5, KO, etc.). 

Pedigrees are indicated by a slant bar (/) rather 
than by a multiplication sign (x). For example, 
(PTB33xlR30)xIR36 is written PTB33/IR30//IR36. 
Fourth and further crosses are designated /4/,/5/, and 
so on. Backcrosses are designated by an asterisk (*) 
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and a number indicating the dosage of the recurrent 
parent. Tile asterisk and the number are placed 
adjacent to the crossing symbol, which divides the 
recurrent and donor parents. 

Unlessotherwisenoted,scoringof morphological 
characters and of damage attributed to rice pests and 
physiochemical stresses isbased on scales in Standard 
evaluation svstemJ? t ice (SES), 3d edition, 1988. 
Copies are available from the International Network 
for Genetic Evaluation of Rice, IRRI. 

In tables, asingle asterisk (*) means adifference 
at the 5% level of significance, and a double asterisk 

(**) means a significant difference at the 1% level; 
ns means not significant. Unless otherwise stated, 
separation of means in table columns isby Duncan's 
multiple range test at the 5% level. 

This report normally uses generic names for 
chemicals. Use of acommercial or brand name does 
not constitute endorsement. 

A thumb index on the back cover provides access 
to each program. 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
 

AC = amylose content 
AE = Agricultural Engineering Division 
ai = active ingredient 
AIRAT = African Irrigated Rice Advanced Trial 
AIRON = African Irrigated Rice Obser ational 

Nursery 
AIRPSS = African Irrigated Rice Preliminary 

Screening SeL 
APA = Agronomy, Physiology, and Agroecology 

Division 
ARBN = African Rice Blast Nursery 
ARFSN = Asian Rice Fanning Systems Network 
ARLESS = African Rain'ed I owland Rice 

Evaluation and Screening Set 
ASL = Analytical Service Laboratories 
AURAT = African Upl;-,nd Rice Advanced Trial 
AURPSS = African Upland Rice Preliminary 

Screening Set 
AUYT = Acid Upland Yield Trial 

BB = bacterial blight 
BGA = blue-green algae 
BI = blast 
BLS = bacterial leaf streak 
BM = barnyard manure 
BNF = biologicai nitrogen fixation 
BPH = brown plownhopper 
BRIARC = Bicol Regional Integrated Agricultural 

Research Center 
BRRI = Bangladesh Rice Research Institute 

CABO = Center for Agrobiological Research 
CIAT = International Center for Tropical 

Agriculture 
CIMMYT = International Maize and Wheat 

Improvement Center 
CIRP = Cambodia-IRRI Rice Project 

CLSU = Central Luzon State University
 
CMC = critical moisture content
 
CMS = cytoplasmic male sterile (sterility)
 
CNPAF = Centro Nacional de Pesquisa-Arroz,
 

Feifao 
CP = coupling points 
CPS = Communication and Publications Services 
CRF = Central Research Farm 
CSIRO = Commonwealth Scientific and Industrial 

Research Organization 
CT = cold tolerance 

DAD = days after draining 
DAS = days after sowing (seeding) 
DAS-ELISA = double antibody sandwich 

enzyme-linked immunosorbent assay 
DE = days after emergence 
DH = doubled haploid 
DLA = diseased leaf area 
DNA = deoxyribonucleic acid 
DRT = drought score 
DS = dry season 
DSI = disease severity index 
DSR = direct seeded rice, dry seeded rice 
DSSAT = Decision Support System for 

Agrotechnology Transfer 
DT = days after transplanting 
DWR = deepwater rice 
DWT = dry-to-wet transition period 

E = Entomology Division 
EC - electrical conductivity 
ELISA enzyme-linkcd immunosorbent assay 
ELON = elongation 
ESL = English as a Second Language 
ET = evapotranspiration 
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FLOD = flooding 

FMP = fused magnesium phosphate 

FSR = farming systems research 

FYM = farmyard manure 


GA 3 = gibberellic acid 

GC = gel consistency 

GCA = general combining ability 

GEU = genetic evaluation and utilization 

GIS = Geographic Information Systems 

GLD = glume disco'oration 

GLH = green leafhopper 

GM = green manure 

GRC = Genetic Resources Center 

GT = gelatinization temperature 


HI = harvest index 

ICAR = Indian Council of Agricultural Research 
ICLARM = International Center for Living 

Aquatic Resources Management 
IDRON = International Deepwater Rice 

Observational Nursery 
IDRYN = International Deepwater Rice Yield 

Nursery 
IFDC = International Fertilizer Development 

Center 
IIRON = International Irrigated Rice 

Observational Nursery 
IIRYN-E = International Irrigated Rice Yield 

Nursery-Early 
IIRYN-M = International Irrigated Rice Yield 

Nursery-Medium 
IIRYN-VE = International Irrigated Rice Yield 

Nursery-Very Early 
INGER = International Network for Genetic 

Evaluation of Rice 
INSURF = International Network on Soil Fertility 

and Sustainable Rice Farming 
IPM = inte-ira .1pest management 
IPMO = Intematio'-al Programn Management 

Office 
IRALON = International Rice Acid Lowland 

Observational Nursery 
IRAT = Institute for Re:"earch in Tropical 

Agriculture 
IRBBN = Interna'onal Rice Bacterial Blight 

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

IRCTN = International Rice Cold Tolerance 
Screening Nursery 

IRDTN = International Rice Drought Tolerance 
Screening Nursery 

IRG = irrigated environment 
IRGC = International Rice Germplasm Center 
IRGDB = International Rice Genealogy Data Base 
IRGMN = International Rice Gall Midge Nursery 
IRLYN-E = International Rainfed Lowland Rice 

Yield Nursery-Early 
IRLYN-M - International Rainfed Lowland Rice 

Yield Nursery-Medium 
IRSBN = International Rice Stem Borer Nursery 
IRSTON = International Rice Salinity Tolerance 

Observational Nursery
 
IRTN = International Rice Tungro Nursery
 
IRUN = International Rice Ufra Nursery
 
IRWBPHN = International Rice Whitebacked
 

Planthopper Nursery
 
ITRON = International Tidal Wetland Rice
 

Observational Nursery
 
IURON = International Upland Rice
 

Observational Nursery
 
IURYN-E = International Upland Rice Yield
 

Nursery-Early
 
IURYN-M = International Upiand Rice Yield
 

Nursery-Medium
 

LAN = Local Area Network
 
LEU = land equivalent unit
 
LF = leaffolder
 
LSS = Literature Search System
 
LT50 = time req,:ired to kill 50% of population
 

exposed to a constant lethal temperature 
LTFE = long-term fertility experiments 

MAALs = monosomic alien addition lines 
MAC = maximum allowable concentration 
MARDI = Malaysian Agricultural Research and 

Development Institute 
MBPS = modified bulk pedigree selection 
MC/ha = millioai culms per hectare 
MDH = malate dehydrogenase 
MLO = mycoplasma-like organism 
MNU = mutagen N-methyl-N-nitrosourea 
MS = Murashige Skoog 
MV = modem \ariety 



NAA = naphthalene acetic acid 
NARC = National Agricultural Research Center 
NARS = national agricultural research systems 
NBS = narrow brown spot 
NCP = noncapsid protein 
NILs = near-isogenic lines 
NRD = Noakhali Rural Development Project 
NSSL = National Seed Storage Laboratory 

ORSTOM = Institut Franqais de la Recherche 
Scient;fique pour le Developpement en 
Cooperation 

PACC = Publications and Communication 
Committee 

PBGB = Plant Breeding, Genetics, and 
Biochemistry Division 

PBH = plowing, broadcasting, harrowing 
PBI = panicle blast 
PCR = polymerase chain reaction 
PGD = phosphogluccnate dehydrogenase 
PGF = Plant Growth Facilities 
PGMS = photosensitive genic male sterile 

(sterility) 
PhilRice = Philippine Rice Research Institute 
Pi = panicle initiation 
PMSB = Project Management Services and 

Biometrics 
PNG = Papua New Guinea 
PP = Plant Pathology Division 
PR = phosphate rock 
PRC = Prachinburi Rice Research Center 
PRRI = Philippine Rice Research Institute 
PRTD = protein, dry season 
PRTW = protein, wet season 
PS = pedigrc - selection 

RADPC = relative area under the disease progress 
curve 

RAPD = randomly amplified polymorphic DNA 
RAVC = returns above variable cost 
RFLP = restriction fragment length polymorphism 
RG = rate of germination 
RGSV = rice grassy stunt virus 
RI = recombinant inbred 
RLF = rice leaffolder 
RRSV = rice ragged stunt virus 
RSHT = routine seed health tests 
RTBV = rice tungro bacilliform virus 

RTD = rice tungro disease 
RTD SS = rice !ungro disease screening set 
RTSV = rice tungro spherical virus 
RVA = rapid VISCO analyzer 
RWM = rice whorl maggot 
RYD = rice yellow dwarf 
RYT = r-ce yield trial 

SACCAR = Southern African Center for 
Cooperation in Agricultural Research 

SADCC = Southern African Development 
Coordination Conference 

SAL = salinity 
SARIF = Sukarami Agricultural Research Institute 

for Food Crops 
SARP = Systems Analysis and Simulation in Rice 

Production 
SAWAH = Simulation Algorithm for Water Flow 

of Aquic Habitats 
SB = stem borer 
SBSD = striped stern borer 
SBYD = yellow stem borer 
SCA = specific combining ability 
SDS-PAGF = sodium dodecyl sulfate 

polyacrylamide gel electrophoresis 
SES = Standard evaluation system for rice 
ShB = sheath blight 
ShR = sheath rot 
SHU = Seed Health Unit 
SM = Soil Microbiology Division 
SMT = soil moisture tension 
SR = stem rot 
SS = Social Sciences Division 
SURIF = Sukamandi Re, .arch Institute for Food 

Crops 
SWS = Soil and Water Sciences Division 

TC = traditional cultivars 
TDM = total dry matter 
TDMY = total dry matter yield 
TGMS = thermosensitive genic male sterile 

(sterility) 
TPR = transplanted rice 
TRL = total root length 
TSP = triple superphosphate 
TV = traditional variety 
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ULV = ultralow volume 
UPLB-NAAP = University of the Philippines at 

Los Bafios-National Azolla Action Program 
UPRIIS = Upper Pampanga River Integrated 

Irrigation System 
UR = upland rice 
URRC = Ubon Rice Research Center 
USG = urea supergranule 
UV-B = ultraviolet-B 

VES = Visayas Experiment Station 

WA = wild abortive 
WAI = weeks after inoculation 
WBPH = ,.'hitebacked planthopper 
WE = weeks after emergence 
WH = whiteheads 
WIRFS = Women in Rice Farming Systems 
WS = wet season 
WSR = wet seeded rice 

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

ZLH = zigzag leafhopper 
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SUBPROGRAM 1:GERMPLASM IMPROVEMENT 5
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Yield potential (PBGB) 5
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Effect of plant density on outcrossing rate and hybrid seed yield (PBGB) 16
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Azolla fingerprinting (PBGB, SM) 20
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Subprogram I:Germplasm 

improvement 


Integrated germplasm improvement 

Themainfocusofthisprojectistodevelopimproved 
germplasm with high yield potential, superior grain 
quality, multiple resistance to major diseases and 
insects, growth duration of 100-140 d; and to share 
this germplasm with national programs 

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

We evaluated 32 elite breeding lines in lowland 
rice performance trials of the Rice Varietal Improve-
mentGroupofthePhilippineSeedBoard.About200 
elitebreeding lines were evaluatedinternationally in 
INGER nurseries. In response to 59 seed requests, 
IRRI supplied 5,449 seed packets to national pro-
gram scientists, thus sharing the improved germplasm 
with numerous national programs. 

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

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

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

MODIFIED BULK PEDIGREE SELECTION 
PROCEDURE IN SELECTING FOR YIELD 
During 1990, the modified bulk pedigree selection 
(MBPS) procedure proved to be a superior method to 
select for yield potential in rice (Program report for 
1990). 

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

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

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

Yield (t/ha) 

Dry season Wet season Mean 

Early group 
IR54790-B-B-38 4.9 
IR54791-B-B-1 5.0 
IR54819-B-B-172 5.1 
tR54819-B-B-226 5.0 
IR54819-B-B-232 5.2 
IR58100-B-B-198 5.4 
IR58125-B-B-44 5.8 
IR58125-B-B-42 5.6 

Mean 5.2 
IR50 (check) 4.4 
IR66 (check) 4.8 
IR72 (check) 4.8 
PSB4 (check) 

Mean 4.6 
LSD (0.05) 0.6 

LR54791-B-B-134 5 
IR54853-B-B-54 5.3 
IR54853-B-B-294 5.9 
IR54896-B-B-85 6.0 
IR54896-B-B-272 6.0 
IR58100-B-B-33 5.8 
IR58125-B-B-6 5.8 

Mean 5.8 
IR68 (check) 5.6 
IR74 (check) 4.9 

Mean 5.2 
LSD (0.05) 0.6 

4.6 4.8 
4.4 4.7 
4.4 4.8 
4.5 4.7 
4.6 4.9 
4.6 5.0 
4.1 5.0 
4.6 5.1 
4.5 4.9 
- 4.4 
3.9 4.4 
4.8 4.8 
3.7 3.7 
4.4 4.5 
0.7 

4.1 4.8 
4.8 5.1 
4.6 5.3 
4.1 5.1 
4.9 5.4 
4.7 5.2 
4.4 5.1 
4.5 5.1 
4.2 4.9 
5.0 5.0 
4.6 5.0 
0.6 

lections are made in field trials at subop:imal growth 
conditions. 

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

To test the hypothesis that present N fertilizer 

recomnmendations can result in a deficient late sea
sonl N supply, a field experiment in 1991 WS corn
pared the recommended N application practice (2/3
of the total applied basally and 1/3 at panicle initia

tion IPII) with an N management strategy that more 
evenly distributes N supply: three split applications
from transplanting to P1 and an additional applica

tion at anthesis (Table 2). With tile increase of 30 kg 
N/ha in the multisplit N fertilization treatment, yields 
increased b 0.5 t/ha for IR72 and 0.9 t/ha for 

y 
IR58 109-113-3-3-2. The increases are equivalent to 
a marginal agronomic efficiency of 17 (IR72) and 30 
(IR58109-113-3-3-2) kg rice per kg of N applied 

above tile recommended dose. The increases were 
closely associated with greater flag leafN concentra

tion during grain filling and with longer duration of 
grain filling (Table 2). Regression of grain yield on 
flag leaf N concentration 7 d after anthesis indicated 
that yield was closely associated with the N status of 

the flag leaf (r- = 0.94 for 1R72, 2-. = 0.88 for 
IR58109-113-3-3-2. n = 12).

Because tile flag leaf is a primary source of 

assimilates for grain filling and net C assimilation in 
the flag leaf is largely determined by N content, the 
results suggest that the additional N applied at anthe-

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

N (kg /ha) input and timing 

Basal Mid-tiller P11 Anthesis Total 

0 0 0 0 0 
50 0 30 0 80b 
30 20 30 30 110 

0 0 0 0 0 
50 0 30 0 80b 
30 20 30 30 110 

Duration Flag leaf N Grain 
of grain concentra- yield

Variety filling tion (%)7 d (t/ha) 

IR72 
IR72 
IR72 

IR58109-113-3-3-2 
IR58109-113-3-3-2 
IR58109-113-3-3-2 

'Panicle initiation. 'Presently recommended N timing and quantity. 
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(d) after anthesis 

25 2.05 c 3.8 c 
28 2.34 b 4.8 b 
28 2.63 a 5.3 a 

23 1.99 c 4.1 c 
26 2.19 b 5.2 b 
29 2.63 a 6.1 a 
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sis was the dominant factor contributing to the yield 
of the multisplit N treatment. Likewise, the higher 
response of the long-duration 1R58109-113-3-3-2 to 
the additional N applied at anthesis may reflect the 
greater N demand of long-duration genotypes, which 
accumulate more dry matter during the longer vege-
tative growth phase. Greater vegetative biomass 
requires greater total N uptake to maintain leaf 
photosynthesis, and late-nmaturing genotypes depend 
on indigenous !:oil N for a longer period than do 
early-maturing varieties. 

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

GRAIN QUALITY 

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

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

During the last several years we have attempted to 
improve the yield potential of Basnati rice while 
retaining its cooking characteristics. Progress has 
been slov because intervarietal hybrids are fre
quently sterile and a full spectrum ofrecombinants is 
not available in such crosses. However, we now have 
breeding lines that approach Basmati varieties in 
grain quality and have short stature (Table 3). These 
lines are being evaluated for yield potential. 

DISEASE Ri.SISTANCE 
IRRI has always placed high priority on the incorpo
ration in the elite germplasmn of durable resistance to 
majordiseases, especially blast (BI), bacterial blight 
(BB) and rice tungro disease (RTD). 

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

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

Breeding line 

IR61972-111-2-1 
IR62100-136-3 
IR62871-13-3-2 
IR62671-175-1-1 
IR62871-275-2-6 
IR62871-354-2-5 
IR62873-214-3-3 
IR62873-227-1-2 
IR62873-278-4-3 
IR62873-417-4-10 
IR62898-20-3-2 
Basmati 370 (check) 

°1= intermediate, L = low. 

Growth Amylose Gelatinization Grain 
duration content temperature' elongation 

(d) %) 

115 23 
110 23 
120 22 
120 23 
125 23 
122 22 
115 22 
120 22 
115 21 
115 23 
120 23 
125 21 

ratio 

L 1.80 
I 1.85 
L 1.90 
I 2.00 
L 1.95 
L 2.00 
L 1.90 
L 1.85 
L 2.00 
I 2.10 
L 2.00 
I/L 2.20 
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highly adapted aggressive strain or an unusually 
high frequency of compatible isolates would affect 
the stab!.ity and efficiency of partial resistance. 

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

All but five rice cultivars with low DSI had 
damage less than or equal to th2t of IR36, regardless 
of the frequency of incompatible reaction (0-3) by 
theStandardevaluationsysteniforrice(SES) (Table 
4). However, IR56 showed extremely high suscepti-
bility although its DSI in IRBN is similar to that of 
IR36. This suggests the presence of one or more 
highly aggressive isolates adapted to IR56. All cul-
tivars with high DSI were highly susceptible. Ciilti-
vars with low DSI in IRBN may be used in prelimi-
nary selection of cultivars with high partial resis-
tance. 

Selective increase of an aggressive strain of 
P. grisea and i: effect on the stability of partial re
sistance need to be studied further. 

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

Durable resistance to tungro. We have selected 
improved-plant-type lines with RTD resistance from 
crosses involving resistance donors such as Habiganj 
DW8, Utri Merah, ARC 11554, and Balimau Putih. 
Resistance to other diseases and insects is being 
incorporated into these lines. 

Inheritor -eofresistancetotungro.Westudied 
the inlhcritance of resistance to RTD in Utri Merah 
(acc. no. 16680), ARC] 1554 (acc. no. 21473), and 
ARC12596 (acc. no. 22176). Thirty seedlings (10 d 
old) in each F.,or BCF, population were inoculated 
for4 h with 10 viruliferous green leafhopper (GLH) 
adults/seedling. Leaves were individually sampled 
2 wk after inoculation to test by enzyme-linked im
munosorbent assay (ELISA) for infection with rice 
tungro bacilliform virus (RTBV) and rice tungro 
spherical virus (RTSV). 

Table 4. Varieties with blast infection compared with that of IR36 in an upland miniplot." IRRI, 1991. 

Lower infection 

Group' Variety 	 Affected 
leaf area 

5.6)Low DSI (_< IR64 
and high Fl IR32844-17-3-3-1 
(a60%) Kataktara DA 2 

IR60 
IR22103-26-6-2 
BG379-2 
Samgangbyeo 
(Milyang 55)

Low DSI (S5.6) IR3880-29 
and low Fl KMP 34 
(<60%) IR19819-31-2-3 

B301613-TB-260-3-2-1-1-3 
Chianung Si-Pi-661020 

High DSI (>5.6) 
and low Fl 
(<60%) 

%) 

5.0 
7.5 

11.0 
14.3 
17.0 
17.3 
17.5 

11.0 
14.3 
15.3 
17.5 
18.7 

Similar infection 

Variety 	 Affected 
leaf area 

IR35410-16-3-2-2-2-2 
IR42 
IR36 
1R9761-19.1 

IR1529-680-3 
BW295-4 
IR66 
HPU5010-PLP21-2-lB 
IR27325-63-2-2 

(%) 


25.0 
25.8 
26.3 
31.3 

22.3 
23.8 
26.3 
29.3 
30.8 

Higher infection 

Variety 	 Affected 
leaf area 

(%) 

INIAP 415 32.5 

IR13539-100-2-2-2-3 34.5 
IR25890-85-5-3 3G.8 
IR56 60.0 
1R19743-4b-2-3-3-2 33.8 

IR24 38.3 
HPU 741 38.8 
AD9246 42.5 
IR30 71.3 
IR19793-25-2 82.5 
IR50 86.3 

'Means of 4 replicat!ons. Cultivars inother groups are significantly different from IR36 (P= 0.05). bDSI =disease severity index, Fl 
=frequency of incompatible reaction. 
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UtriMerah (acc. no. 16680). While Utri Merah 
may not have resistance to RTBV infection, the 
infected plants always show low absorbance value 
with RTBV, suggesting that Utri Merah may be 
resistant to RTBV multiplication. In the F, of Utri 
MerahiTN I, the segregation mode of mean absor
bance values fit well the 1:8:7 ratio for resistant, 
segregating, and susceptible plants (Q2 = 0.320, 
0.80<P<0.90), indicating that resistance to RTBV 
multiplication in Utri Merah is controlled by two 
recessive complementary genes. On the other hand, 
the values for RTSV infection in the same F3 did not 
fit 1:3 or 7:9 ratios, but did fit the 6:10 ratio ( 2 = 

0.113, 0.70<P<0.80), suggesting that at least two 
genes govern the resistance to RTSV infection in 
Utri Merah. The F, plants were susceptible to RTSV 
infection and therefore the resistance in Utri Merah 
must be controlled by one or more recessive genes. 
Similarly, the segregation mode of mean absorbance 
values to RTSV in the F, also fit the 6: 10 ratio (X2 = 

0.050, 0.80<P<0.90), suggesting two-gene segrega
tion. The correlated diagram of the mean absorbance 
values and infection rates to RTSV showed that the 
F3 lines with lower infection rates were not necessar
ily low in absorbance value, and vice versa. It sug-
gests that the genes for resistance to RTSV infection 
are not necessarily identical to the genes controlling 
resistance to RTSV multiplication. 

ARCl1554. In the F3 of ARCI 1554/TN 1, the 
segregation of resistant, segregating, and susceptible 
lines for RTBV infection fit the 1:8:7 ratio ( 2 = 

0.397, 0.80<P<0.90), indicating that the resistance 
to RTBV infection in ARC 11554 is controlled by 
two recessive complementary genes (Fig. 1). The 
BC1 F, progenies from the cross ARCI 1554/2*TNI 
segregated in a ratio of I resistant:3 susceptible, 
suggesting two recessive complementary genes. 
These results agree with those of F analysis, show-
ing that two recessive genes convey resistance to 
RTBV infection in ARCI 1554. The histogram of 
RTSV infection rates of F3 lines from ARCI 1554/ 
TNI showed that the segregation of resistant, segre-
gating, and susceptible lines fit the 12:3:1 ratio (x2 = 
3.915, 0.10<P<0.20). This indicates two dominant 
genes with action diffeient from that of genes which 
confer resistance. 

The BCF, lines of ARCl 1554/2*TNI were clas-
sified roughly into four groups of RTSV infection 
rates; their segregation fit the 1:1:1:1 ratio, which is 
the segregation ratio of two genes with additive 

Frequency 
20 

ARC11554 TN1 

C t.. 

40
n= 172 3)
 

20 

0 

100 

ARC11554/2"TN1 (BC1F2)
 
80 n = 192
 

60 

40 

20 

0 
0 20 40 60 10 

1.Histogram of RT8V infection rates in ARCI 1554iTN1 
F3 lines and in ARC] 1554/2*TNI BC,F, lines. 

effect in BCF, Therefore, resistance to RTSV in. 
fection in ARC 11554 is controlled by two dominant 
genes that have an additive effect. The lines resistant 
to RTBV infection always showed resistance to 
RTSV infection, but the converse was not always 
true. This suggests that the resistance to RTBV 
infection in ARC 11554 is epistatic to the resistance 
to RTSV infection. 

ARC12596. ARC 12596 is resistant to RTSV in
fection but susceptible to RTBV infection. In the F3 

of ARCI2596/TNI, the segregation of resistant, 
segregating, and susceptible lines for RTBV infec
tion fit well the ratio of 1:3:12 (; 2= 0.343), suggest
ing that PRC12596 may have a resistance gene and 
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an inhibitory gene. The resistant F, lines might come 
from recombinants with the resistance gene but 
without the inhibitory gene. The segregation for 
RTSV infection of resistant, segregating, and sus-
ceptible lines fit the ratio of 1:2:1 (Q2 = 5.074), 
indicating that resistance to RTSV infection in 
ARC12596 is controlled by a single gene. 

Development ofisogenic lines for tungro resis-
tance. isogenic lines are useful tbr identifying races 
or strains of virus, for studying the mechanism for 
resistance, and for tagging resistance genes with 
restriction fragment length polymorphism (RFLP) 
markers. Genes for resistance from different donors 
are being transferred to the genetic background of 
I N I and IR22, both of which are highly susceptible 
to RTD. Our most advanced generation is BCF,. 
The homogeneity of these lines for RTD resistance 
will be tested in the BC6F, and BC,F3. 

Mutatien breeding for tungro resistance. To 
induce mutations for RTD resistance, susceptible 
varieties IR22and IR64 weretreated with thecheni-
cal mutagen N-methyl-N-nitrosourea (MNU). IR22 
was also treated with sodium azide. The M, and later 
generations of all lines have been screened for RTD 
resistance in the field. 

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

Selected M4 lines and an additional 17 families 
(M3) were planted in the field in February 1991. 
Although the M4 lines did not show good resistance 
to RTD, I of 17 M3 families did. To confirm the 
resistance, the progeny lines of the resistant M3 

family were planted in the field in July 1991. These 
M4 lines showed good resistance to RID in the field. 

The leaves of resistant plants were tested with 
ELISA to check for infection. Most samples were 
not infected with RTBV and were resistant to RTSV 
infection (Table 5). To check whether the RTD 
resistance in each M 4 line depends on vector resis
tance, we performed the antibiosis lest for GLH. The 
lines' reactions to GLH varied from low to high 
levels of antibiosis. After comparing the results of 
ELISA and antibiosis tests, we selected plants that 
were resistant to RTD but susceptible to GLI. Using 
th2 M4 seeds, we retested the selected M4 lines by 
artificially inoculating them in the laboratory (Table 
5). The laboratory results did not coincide with those 

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

Field, 1991 WS 
Line and 
varietyb 

Pedigree 
Plants B+S B 
tested 
(no.) 

M4 453 124-1-2 24 5 0 
M4 455 124-1-4 18 0 0 
M4 456 124-1-5 19 0 0 
M4 457 124-1-7 20 0 0 
M4 458 124-1-8 23 0 0 
M4 460 124-1-10 22 0 0 
M4 461 124-1-11 24 0 0 

MK2 3 1-6 24 4 17 
MK2 4 1-10 24 0 13 
MK2 6 2-5 22 0 27 
MK2 7 2-10 24 0 17 
MK2 8 2-11 24 4 8 

IR22 Original 24 88 4 
TN1 Susceptible 20 95 0 

check 
ARC11554 Resistant 20 5 10 

check 

Inoculation in laboratory 

S Plants B+S B S 
tested 
(no.) 

19 28 4 78 0 
11 27 4 85 0 
26 25 0 80 0 
10 12 0 92 0 
17 12 8 75 8 
23 16 6 94 0 
25 13 8 85 0 

4 26 27 73 0 
8 23 4 83 0 
5 17 0 82 0 
0 29 14 76 0 

33 29 10 83 0 

4 30 43 53 0 
5 30 85 15 0 

0 30 0 15 0 

'B= RTBV, S = RTSV. IM4 453-461 =M4 genoration from IR22 treated with MNU, MK2 3-8 =M3 generation 
from IR22 treated with NaN 3 . 
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from field-grown plants-all M4 lines with no RTBV 
infection in the field showed susceptibility in the 
laboratory. We are now studying the reasons for the 
discrepancy. Ifthe resistance in these mutant lines is 
expressed only after transplanting, these lies may 
have adult plant resistance and may not be resistant 
at the seedling stage. 

The M, lines from (IR22treated with sodium azide 
were also tested for RTD resistance in the field at 
IRRI and six plants from two M, lines were selected, 
The six progeny lines and one bulk line were retested 
in the field. The M 3 lines showed segregation for 
RTD resistance and for morphological traits. They 
also differed in reaction to RTBV in the field and in 
the laboratory (Table 5). 

More than 5,000 M, lines from IR64 treated with 
N-methyl-N-nitrosourea were planted at the Phil-
Rice experiment station in Midsayap, Mindanao. In 
Mindanao, 1R64 has been highly susceptible to RTD 
since 1988. Eighty-four M, plants were selected 
visually and samples of three leaves from each 
selected plant were tested by ELISA. All leaves were 
found to be infected with both RTBV and RTSV. 
Thus, tilemutants may be highly tolerant of RTD. 
The plants with relatively low ELISA data will be 
used for progeny testing to confirm the resistance to 
RTD virus multiplication. 

INSECT RESISTANCE 

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

COLD TOLERANCE 

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

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

All test entries flowered 3 wk earlier than the 
check and matured before the onset of WS, thus 
indicating their high level of cold tolerance (luring 
seedling and vegetative stages. Because Pinidua 
lodged into standing water due to heavy rains during 
ripening, we could not estimate its yield. Therefore, 
yields were compared with test entry 1R8866-30-3
1-4-2 (IR8866), a cold-tolerant, high-yielding line 
developed at IRRI several years; ago. Yields of 30 
test lines were not significantly different (at the 5% 
level) from that oflR8866. Considering plant height, 
grain quality, and reaction to BI, 16 of the 30 lines 
were selected for distribution to some national pro
grams and nomination to the International Rice Cold 
Tolerance Nursery (IRCTN'Iof INGER. Table7 lists 
some agronomic characteristics of the lines. 

ELrl E BREEDING LINES 

During DS and WS, 690 elite breeding lines were 
evaluated in RYTs at IRRI. They were also evalu
ated for grain quality, disease and insect resistance, 
and tolerance for abiotic stresses. Thirty-two prom
ising lines were evaluated in RYTs at 10 Philippine 
locations as part of multilocation :rials conducted by 
the Philippine Seed Board. Some of the most prom
ising lines are characterized. All are resistant to BI, 
BB,GLH, and three biotypes of BPI and have field 
tolerance for RTD. 
U 1R50404-57-2-2-3 is ne of the earliest maturing 

lines-its growth duration is 105 d. It has shown 
superior performance in the Philippine Seed Board 
trials and in the INGER nurseries. This line has 

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

Pedigree lines Advanced lines 
Insect 

Brown planthopper 
Biotype 1 
Biotype 2 
Biotype 3 

Green leafhopper 
Yellow stem borer 

Tested Resistant Tested 
(no.) (%) (no.) 

6,472 42.2 1,855 
19,735 
21,545 
59,450 

85.7 
83.6 
53.8 

1,849 
1,847 
1,859 

- - 1,135 

Selected 
(%) 

94.3 
78.4 
76.6 
51.9 
31.4 
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Table 7. Some agronomic traits of cold-tolerant lines selected from replicated yield trials. 
Banaue, Philippines, 1991 dry season (DS). 

Panicles Yield (tha)
Culm Days toDesignation ht (cm) flowering (no./hill) Trial I Trial II 

IR52410-B-B-B-6-1-1-2 71 126 22 5.3 
IR52418-B-B-B-6-2-1 3 69 131 16 4.6 
IR54465-B-B-3-2-')-2 76 128 11 5.3 
IR55259-B-B-3-3-2-2 76 132 16 4.9 
IP55274-B-7-3-3 71 131 19 5.9 
IR57080-B-B-!2-2-1 102 125 11 5.5 
IR57094-8-B-6-2-3-2 66 129 15 4.2 
IR57096-B-B-7-2-1-2 77 127 12 4.1 
IR57098-B-B-10-2-3-1 63 124 15 4.6 
IR57107-B-B-20.1-2-2 89 132 8 
IR58614-B-B-5-3 78 130 8 5.9 
IR58614-B-B-6-2 81 129 14 6.1 
IR58614-B-B-8-2 84 129 18 6.1 
IR58614-B-B-20-1 86 129 15 6.1 
IP59480-B-B-8-1 72 126 16 4.8 
IR59486-B-B-11-3 68 128 18 4.9 
IR8866-30-3-1-4-2 72 131 17 4.8 4.3 
Pinidual (local check) 140 153 7 - 

'Lodged prior tnharvest time. 

long slender, and translucent grains with high AC 	 Table 8. Irrigated rice breeding lines released as varie
ties in 1991.and low GT. linetha ma lie 	 CountryBredin Nae gven twhere" 	 1R56450-4-2-2 is a high-yielding line that ma-

lures in 110 d. It has long slender grains with released 
intermediate AC and GT. IR32809-26-3-3 PSBRc 2 Philippines 

" 1R54883-152-3-3 is an elite line that matures in IR41985-111-3-2-3 PSBRc 4 Philippines 
105 d. It has long slender and translucent grains IR19274-26-2-3-1-2 Xiangwanxian China (Hunan) 

IR19661-131-1-3-1-3 Barumun Indonesia
with intermediate AC and GT. IR32453-20-3-2-2 IR74 Indonesia 

" 1R56381-139-2-2 is an elite line that matures in iR29723-3-2-1 MTL 83 Vietnam 
110 d. It has excellent long slender grains with IR39323-110-5-2-2 MTL 85 Vietnam 

IR32307-107-3-2-2 IR66 Vietnam
intermediate AC and GT. IR28224-3-2-3-2 IR68 Vietnam 

" IR57301-195-3-3, au elite line, matures in 115 d. IR35366-90-3 2 IR72 Vietnam 
It has long slender and translucent grains with IR19728-9-3-2-3-3 MTL 61 Vietnam 

IR13240-108-2-3 Theedatyin Myanmar
intermediate AC and GT. 	 IR9224-117-2-3-3 Shwe Thwe Yin Myanmar 

* 	 IR5 1672-62-2-1-1-2-3, an elite line, matures in IR841-85-1-1-3 IR841 Brunei 
125 d and has very slow leaf senescence. It has 
well-exserted panicles with long slender and trans
lucent grains. It has intermediate AC and GT. U IR32809-26-3-3 was released as PSBRc 2 by 

" 	 IR51678-93-2-2-2-I is an elite line with medium the Philippine Seed Board. This line matures in 
growth duration (130 d). It has large panicles and 130 d. t has sturdy stems with excellent lodging 
long, slender, translucent grains with intermedi- resistance and high yield potential. It has long 
ate AC and GT. slender, translucent grains with high AC and 

intermediate GT. It is resistant to Bi, BB, GLH, 
IRRI LINES NAMED VARIETIES and three biotypes of BPH and has field tolerance 
In 1991, 14 IRRI breeJing lines from the irrigated for RTD. 
breeding program were given varietal names in seven Prior to 1990, IRRI breeding lines named by 
countries ('Fable 8), bringing to 225 the number of the Philippine Seed Board were released with the 
IRRI lines named as varieties worldwide. IR designation. IR74 was the last IR line so 
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designated. Under the new system adopted by the 
Board, rice varieties are designated as PSBRc 
followed by a number, 

IN IR41985-111-3-2-3 was named PSBRc 4 by the 
Philippine Seed Board. This high-yielding line 
matures in 105 d. It has long slender, translucent 
grains with intermediate AC and GT. It is resis-
tant to BI, B1, GLH, and three biotypes of BPH 
and has field tolerance for RTD. 

N 	 IR19274-26-2-3-1-2 was named Xiangwanxian 
in Hunan, China. It matures in 100 d at IRRI but 
120 d in Hunan. It has long slender, translucent 
grains and high yield potential. 

* 	 1R19661-131-1-3-1-3 was released as Barumun 
in Indonesia. It matures in 130 d. This line has 
excr.llent long slender, translucent grains with 
high AC and low GT. It is resistant to BI, GLH, 
and three biotypes of BPH. 

* 	 IR32453-20-3-2-2 was released as 1R74 in Indo-
nesia. It was earlier named IR74 in the Philippines 
where it is now widely grown. This line is particu-
larly suitable for gogorancah (dry seeded) rice 
culture. 

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

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

IN IR32307-107-3-2-2 was released as fR66 in Viet-
nam. This early-maturing selection with long 
slender, translucent grains was earlier named 
IR6b in the Philippines. 

0 	 1R28?.4-3-2-3-2 was named IR68 in Vietnam. It 
had been released under the same name in the 
Philippines in 1988. It has long slender, transiu-
cent grains and is recommended for rainfed low-
land areas. 

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

U 	IR19728-9-3-2-3-3 was released as MTL 61 in 
Vietnam. This very early-maturing selection has 
excellent long slknder and translucent grains. 

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

N 	 IR19224-1 17-2-3-3, released as Shwe Thwe Yin 
in Myanmar, had been released as IR50 in the 
Philippines, Indonesia, and India. This early-ma.. 
turing selection has excellent long slender grain 
and is recommended for rice double cropping in 
Myanmar. 

U IR841-85-!-1-3 was released as IR841 in Brunei. 
It has aromatic grains and a high yield potential. 
It has been named Jasmine 85 in the USA. 

Hybrid rice 

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

PERFORMANCE OF IRRI RICE HYBRIDS 

Two IRRI-bred rice hybrids-IR64616 H and 
IR64685 H-were evaluated during national coordi
nated trials in the Philippines. IR64685 H was a new 
hybrid, while IR64616 H was evaluated for the 
second consecutive season. With results from the 
1990 WS and 1991 DS trials, the regression of yields 
of hybrid IR64616 H and check rice cultivars was 
calculated over an environment index, represented 
by the mean yield of all cultivars at each location. 
The check cultivar was IR57301-195-3-3 in the 1990 
DS and IR72 in the 1991 DS. For drawing the 
regression line, the two checks were considered as 
one. The hybrid tended to yield more than the check 
cultivars in both low-yielding and high-yielding 
environments (Fig. 2); however, the hybrid's devia-
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Yield (t/ha) of test cultivars 
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7- Check Y= 0.06 + 1.178nx (r=0.94") , 

6-o 
0o1991 

5 

4 G goF
3Check 

-

2 

3 4 5 6 7 

Mean yield (t/ha) of all varieties at each location 

2. Regr1sion of yield of hybrid and inbred check on location 
mean vield in National CoordiatelCd Trials (NCT) of irrigated rice 
cultivars in the Philippines (source: PthilRice. NCT. Rice Varietal 
Group, I990 wet season IWS], i99,1 dry season IDS1). 

tion from the reg-ression slope appeared to be higher 

than that of the checks, indicating its instability. The 

instability may be attributed to the agronomic man-
agement bias in trials th.t are usually designed to 

evaluate inbred rice cultivars. In this context, it is 

important to compare the agronomic managenent of 

rice hybrids and of inbred rices. 

Results from India and Malaysia also indicated 

yield superiority of IRRI-bred rice hybrids IR64616 
1-1and IR64615 H over local checks at certain loca- 

lions and fertility levels (Table 9). 
Several other experimental rice hybrids also 

yielded significantly more than check varieties in 

preliminary yield trials at IRRI during 1991 (Table 
10). 

IDENI'IFYING MAINTAINERS AND RESTORERS 

AMONG FLITE LINES 

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

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

Maturity Yield 
Hybrid and check (d) (t/ha) 

DS 
IR62829 A/IR35366-62-1-2-2-3 h 112 4.7 
IR62829 A/IR34631-123-2-3 R 114 4.9 
IR58025 A/IR54742-11-1-9-15-2 112 4.7 
164I R 4.7R58025 A11R35366-62-1-2-2-3 112 
R62829 A/IR44675-101-3-3-2-4 R 110 4.5 
IR50 (check) 112 4.0 
PSB4 (check) 106 4.0 

LSD (0.05) 0.5 
(0.01) 0.6 

IR58025 A/IR54745-2-45-3-2-4 R 122 5.4 
IR58025 A/IR39323-182-2-3-3 R 126 4.9 
IR68 (check) 126 4.2 

LSD (0.05) 0.6 
(0.01) 0.8 

1991 WS 
IR58025 A/IR19058-1P7-1 R 113 6.4 

IR50404-57-2-2-3 (check) 112 5.2 
PSB4 (check) 111 4.5

LSD (0.05) 0.6 
(0.01) 0.8 

IR62829 A/IR47310-94-4-3-1 R 120 5.1 
IR70 (check) 129 4.0 
IR68 (check) 132 3.1

LSD (0.05) 0.7 

(0.01) 1.0 

and IR58025 A, which have wild abortive (WA) 

cytoplasm, and IR66707 A, which has 0. pereti.s 
cytoplasm. For irrigated and rainfed lowand ecosys
tems, the frequency of maintainers for WA CMS 
lines continued to be low (2-4%)among lines bredat 
IRRI and NARS (Bangladesh, Brazil, Coiombia, 
India, Indonesia. Malaysia, Philippines, Sri Lanka, 
and Thailand). But maintainer frequency was high 
(36%) among iiOes bred at IRRI for upland ecosys

tems. The higher frequency of maintainers among 
upland rice breeding lines may be due to extensive 
use of tropical japonica gennplasm in developing 

Table 9. Yield of promising IRRI-bred rice hybrids and local check varieties. India and 
Malaysia, 1991 DS. 

Yield (t/ha) 

Hybrid and check India Malaysia 

Mandya Hyderabad Maruteru With With Mean 

!R64615 H 
iR64616 H 
Local check 


LSD (0.05) 

'Jaya. 'Rasi. '1R64. "MR84. 
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90-30-30 180-60-30 
kg NPK/ha kg NPK/ha 

7.1 6.2 4.4 5.1 5.5 5.7 
6.4 6.4 5.1 4.1 4.2 5.2 
5.71 5.3b 5.51 4.2 d 4.1" 5.0 
0.9 1.0 ns 1.0 0.7 



such lines. Among IRRI-bred lines for irrigated and IR62829 B, IR54752B, IR32364-20-1-3-2 B, and 
rainfed lowland ecosystems, maintainer frequency BG90-2. Clones of some of these mutants were 
was so high (92-94%) for CMS line IR66707 A subjected to different daylengths (10 and 14 h, using 
(0. perenniscytoplasm) that not a single restorer the screenhouse darkroom facilities of the Agron
was identified among 173 lines testcrossed for the omy, Plant Physiology, and Agroecology Division) 
purpose. For WA CMS lines, however, there was no and three temperature regimes (32/24 'C, 27/21 'C, 
dearth ofrestorers; we identified 330restorers among 24/18 'C in the phytotron). The spikelet sterility of 
718 elite lines originating from IRRI and NARS. some mutants was reduced by 1-14% under certain 

To enhance maintainer frequency for WA cyto- daylength and temperature treatments. Hence, these 
plasm among elite lines bred at IRRI, a maintainer were suspected as thermosensitive genic male sterile 
breeding program was initiated in 1989. We selected (TGMS) and/or photosensitive genic male sterile 
277 promising lines during 1991 to testcr.ss with (PGMS) mutants. Seeds harvested from suspected 
CMS lines which have WA cytoplasm. About 70% TGMS and PGMS M2 mutants from IR62829 B, 
of these lines were found to be maintainers, and are IR54752 B, and IR32364-20-1-3-2 B were used to 
being used for the CMS line conversion program. raise M3 plants. At tillering stage, each plant was 
The results demonstrate the importance of breeding divided into 2-3 parts and tested under two daylengths 
maintainers for a hybrid rice breeding program in the and three temperature regimes during April-May 
tropics. 1991. Results (Table 11) showed differential re

sponses to temperature treatments for pollen and 
INDUCING THERMOSENSITIVE GENIC MALE spikelet fertility of M3 plants derived from clone 31 
STERILE MUTANTS IN INDICA RICE of IR32364-20-1-3-2 B. Other clones of IR32364, 
Thirty-three male sterile mutants were isolated in the IR62829 B, and IR54752 B did not conform with 
M, of seven rice cultivars: IR46 R, IR64 R, IR72 R, their M2 behavior. Clone 31 of IR32364-20-1-3-2 B 

Table 11. Dehavior of M male sterile mutant progenies raised from seeds borne on 

suspected M2 - PGMS and TGMS lines. IRRI greenhouse-phytotron, Mar-May 1991. 

Pollen or spikelet" fertility (%) 

Genotype M 2 M2 Daylength (h) Temperature (°C) Remarksb 

10 14 24/18 27/21 32/24 
IR62829 B PGMS and TGMS 1-1 26.3 33.5 50.0 76.5 63.5 None 

(10.4) (29.2) (5.6) (17.5) (54.4) 
1-2 43.8 55.1 - 44.4 54.4 

(3.2) (11.9) (21.3) (15.5) 
1-3 65.5 - 11.1 58.0 77.1 

(0) (0) (10.8) (19.5)
1-4 47.8 69.1 6.6 75.6 61.5 

(27.8) (27.8) (0) (31.6) (77.0) 
1-5 12.9 91.3 76.0 43.0 

(15.0) (28.4) (30.1) (10.5) 
IR54752 B PGMS 6-1 49.0 60.3 49.6 69.3 66.0 None 

(13.6) - (40.0) (27.2) (57.0) 
6-2 31.3 47.5 2.9 43.9 55.5 

(18.2) (24.7) (15.9) (8.6) (28.3)
 
IR32364- PGMS 26-1 0 0 75.4 60.2 83.5
 
20-1-3-2 	B (0) (0) (17.7l (22.1) (46.7)

26-2 28.3 30.3 11.3 52.8 5.7 TGMS 
(0) (0) (0) (8.9) (0) 

PGMS and TGMS 31-1 0 0 23.7 29.7 0 TGMS 
(0) (0) (10.7) (2.0) (0)

31-2 1.6 0 26.2 54.4 0 
(0) (0) (4.3) (5.1) (0)

31-3 28.9 0 37.5 60.6 7.2 
(0) (0) (2.7) (0) (0) 

31-4 6.0 0 - 38.4 28.9 
(0) (0) (0.68) (0) 

,Figures Inparentheses are forspikelet fertility.bBlank space indicatesno dc ta. *None" means that the M,
line was neither PGMS nor TGMS. 
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was, therefore, designated as a TGMS mutant. Seeds 
produced on M 3 plants of this mutant are being 
multiplied in the phytotren at 27/21 C for field 
evaluation in different countries. 

FEMALE:MALE RATIO AND HYBRID SEED YIELD 
An experiment involving CMS lines IR58025 A and 
IR62829 A, and the restorer 1R29723 R as pollinator 
was conducted during 1991 DS in a split-plot design. 
Genotypes were in the main plot and varying 
female:male ratios (1-12:1, 1-12:2, 1-12:3, and 1-
12:4) were in the subplots, replicated three times. 

Seed yield was computed for all the row ratios 
(A:R) ranging from 1:1 to 12:4 for both CMS lines, 
InIR58025 A, row ratios 5:l to 11:1,8:3to 12:3,and 
10:4 to 11:4 gave seed yields of 1.8-2.0 t/ha, which 
weresignificantlyhigherthanthosefortheotherrow 
ratios. In IR62829 A, row ratios 4:1 to 12:1, 6:2 to 
12:2, 7:3 to 12:3, and 7:4 to 12:4 gave significantly 
higher yields (1.1-1.3 t/ha) than the other row ratios, 
Restorer yield ranged from 0.9 t/ha in 12 A: 1R to 5.9 
t/ha in 1A: I R in the IR58025 A/IR29723 R combi-
nation, and from 1.0 t/ha in 12 A: I R to 6.6 t/ha in 
1A: IR in the IR62829 A/IR29723 R combination. 
The highest yield (1.95 t/ha) of CMS line 1.58025 A 
was obtained with a row ratio of 11:3, followed by 
1.93 t/ha with row ratio 10:3 (Fig. 3). As the yield of 
the restorer line was higher by 0.17 t/ha in the 10:3 
ratio than the 11:3 ratio, we conclude that the 10:3 
ratio is the most economical for hybrid seed produc
tion involving IR58025 A. Similar results were ob
tained with 'R62829 A. 

Interestingly, the 1:1row ratio gave a hybrid seed 

yield of 0.6-0.8 t/ha with a restorer yield of 5.9-
6.5 t/ha. These results need further confirmation. 

Se6d yield (t/ha) 

2.5 

2.0 

1.5 
1 0 C M1S oR 

* CMS, 3 R 
1. 3 rows ofR 

0.5- CMS. 4 R LSD 0.05 (CMS)= 0.154 

V 4 rows ofR LSD 0.05 trestorer) = 0.260 
0 -I I I I I I 

5 6 7 8 9 10 11 12 
Female rows (no.) 

3. Effect of row ratio or,seed yield ofCMS 1R58025 A and restorer 
IR29723 R. 
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EFFECT OF PLANT DENSITY ON OUTCROSSING 

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

Plant density did not affect the outcrossing rate 
(34.0-37.3%) in CMS lines. The seed yield increased 
significantly with increased plant density up to 44.4 
hills/m 2 (i.e., 15- x 15-cm row and plant spacings) 
and thereafter declined (Fig. 4). Seed yields were 1.9 
t/ha for IR58025 A and 1.2 t/ha for IR62829 A at 
15-cm row and 15-cm plant spacings. Seed yields in 
other plant and row spacings ranged from 1.60 t/ha 
to 1.9 t/ha from IR58025 A and 0.9 t/ha to 1.1 t/ha 
from IR62829 A. The yield of the restorer was 
significantly higher* (2.4 t/ha) from the 
IR62829A/IR29723 R combination at a plant den
sity of 44 hills/m 2. At other plant densities, the 
restorer yielded 1.9-2.3 t/ha (except at 100 hills/m2, 
which gave 2.4 t/ha). Based on the findings, we 
recommend a spacing of 15 x 15 cm (44.4 hills/m 2) 
to obtain high seed yields from the CMS lines. 

Seed yield (I/ha) 

1.9 
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4. Effect of row and plant spacings of CMS plants on hybrid seed 
yield. IRRI, 1991 DS. 
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ECONOMIZING GIBBERELLIC ACID DOSAGE IN 
HYBRID RICE SEED PRODUCTION 
Sixty to ninety ppm gibberellic acid (GA), applied 
with knapsack sprayers at the rate of 500 liters of 
water and 45 g GA 3/ha, was found useful for hybrid 
rice seed production in the tropics. To reduce the 
dosage of GA3, we compared the efficacies of an 
ultralow-volume (ULV) sprayer (Model Micro 
ULVA) and a knapsack sprayer in a trial involving 
CMS lines IR58025 A and IR62829 A and the 
restorer IR9761-19-I R during the 1990 WS. Apply-
ing 45 g GA3 with a knapsack sprayer or 10-20 g GA 3 
with an ULV sprayer gave similar plant heights (89.5 
and 91.1 cm), panicle exsertion percentages (72.5 
and 73.0), numbers of seeds per panicle (15.9 and 
16.8), and seed yield (680.7 and 679.6 kg/ha). These 
results indicate that the dose of GA3 may be reduced 
by using an ULV instead of the knapsack sprayer. 

In a follow-up experiment during 1991 WS, the 
efficacy of the ULV sprayer (using 15 g GA 3 with 20 
liters water) was compared with that of the knapsack 
sprayer (using 45 g GA 3 in 500 liters water) in seed 
production plots with CMS lines, IR58025 A and 
IR62829 A, and IR29723-143-3-2-1 R as pollinator, 
GA3 was applied in two sprays: the first (10 g GA 3 
with the ULV sprayer and 30 g GA 3 with a knapsack 
sprayer) at 20% panicle emergence, and the second 
(5 g GA 3 with an ULV sprayer and 15 g GA3 with a 
knapsack sprayer) a day after; the control was un-
sprayed. Plant height, seed set percentage, and seed 
yield in plots sprayed with the ULV (15 g GA 3/ha) 
and knapsack (45 g GA 3/ha) sprayers were nearly 
identical (Table 12) and both treatments were sig
nificantly better than the control. The results indicate 
that GA 3 dosage can be reduced from 45 g/ha to 
15 g/ha by using the ULV instead of the knapsack 
sprayer. 

Table 12. Comparative plant height, seed set, and yield 
of CMS lines sprayed with 45 g GA, with knapsack and 
15 g GA 3 with ULV sprayers. IRRI, 1991 WS. 

Plant Seed Seed 
Treatment height set yield 

(cm) I%) (tlha) 

45gGAjha 92 b 34 a 1.01a 
(sprayed with knapsack) 

15 GAjha (sprayed with 94 a 35 a 1.06 a 
Micro ULVA) 

Control 82 c 27 b 0.86 b 
CV (%) 1.' 8.0 11.3 

ECONOMIZING SEED RATE 

During the 1991 DS, 5 seeding rates varying from 
100 to 10 g/m 2 of seedbed area were tried in inbreds 
IR50 and IR72, and in hybrids IR64616 H and 
IR65485 H. Seedlings from seeding rates of 100, 50, 
and 25 g/m 2 of seedbed were kept in the seedbed for 
21 d and seedlings from 25 and 10 g/m 2 rates were 
kept in the seedbed for 31 d. All seedbed and field 
plantings were in a split-plot design with genotypes 
in the main plots and seeding rate in the subplots 
replicated thrice. 

The tillers in the seedbed increased significantly 
from 1.4 to 4.7 as the seeding rate decreased from 
100 to 10 g/m 2 and seedling age at transplanting 
increased from 21 to 31 d irrespective of genotype. 

Seeding rates of 100 g/m 2 (equivalent to 40 kg/ 
ha) and 50 g/m 2 (equivalent to 20 kg/ha) produced 
sufficient seedlings to cover 248 and 137% of the 
25-m 2 requisite area with 2 seedlings/hill at 20- x 
20-cm row and plant spacings (Fig. 5). Thus, the seed 
rate can be reduced to 20 kg/ha by transplanting 2 
seedlings/hill at 20 x 20 cm or 20 x 15 cm. Sparse 
seeding at 25 g/m 2 produced almost 100% more 
tillers than the 100 g/m 2 seeding. Thus, transplanting 
a single seedling with 2-3 tillers instead of 2 seed
lings/hill covered 142% of the requisite area and will 
further help reduce the seed rate to 10 kg/ha. Increas
ing the seedling age (to 31 d) and reducing the 
seeding rate (10 to 25 g/m 2) resulted in 3.3-4.9 tillers/ 
seedling. Transplanting 2 tillers/hill from 31 -d-old 
seedlings resulted in 151.3 and 273% field coverage 
of the requisite 25 m2 (Fig. 5). This indicates that 

Coverage (%)of the requisite 25-m2 area
 
300
 

250 N 2 seedlings/hill 
s ryer 2 tillers/hill 

200 ~ 1seedling/hill 

150. 

100' 

100 50 25 25 10 
21-d-old seedlings 31-d-old 

5. Area cov.rage by seedlings from different seeding densities 
100, 50, 25, 10 g/m2 in seedbed) and treatments involving tiller

splitting. IRRI, 1991 DS. 
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3 1-d-ol6 seedlings from a seeding density of 10 g/m 2 

(4 kg/ha) would be more than enough to transplant 
1 ha with 2 tillers/hill at 20- x 20-cm spacing. 
Seeding rates and transplanting 2 seedlings, 1seed-
ling, and even 2 tillers/hill of 31 -d-old seedlings did 
not affect the grain yield (Table 13) of inbred or 
hybrid rice plants. The mean yield was 0.7-1.0 t/ha 
higher in hybrids than in the best inbred check. These 
results indicate the possibility of reducing seed rate 
for hybrid rice to 20 kg/ha provided seeding is done 
in a seedbed area recommended for seeding 40 kg 
seed. The seed rate can be reduced to as low as 
4 kg/ha by raising vigorous seedlings with 4-5 tillers 
and transplanting 2 tillers/hill by splitting the 31 -d-
old seedlings. However, labor cost for splitting the 
seedlings would be a limiting factor. 

MANUAL FOR HYBRID RICE SEED PRODUCTION 

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

TRAINING COURSES IN HYBRID RICE SEED 
PRODUCTION 

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

October 1991 and another in the Philippines during 
November 1991. 

INTERNATIONAL TASK FORCE ON HYBRID RICE 

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

NEXT STEPS 

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

Table 13. Effect of seeding rate and number of seedlings/hill on grain yield of inbred and 
hybrid rice plants. IRRI, 1991 DS. 

Seeding rate 
in seedbed 
(g/m 2 ) 

100 (= 40 kg seed/ha) 

50 ?=20 kg seed/ha) 

25 (= 20 ko seed/ha) 

25 (= 10 kg seed/ha) 

10 (= 4 kg seed/ha) 

F-test 

Mean 

Seedling age Seedlings (S) Grain yield (t/ha) 
at trans- or tillers (T) 

planting (d) (no./hill) 

21 2 (S) 

21 2 (S) 

21 1 (S) 

31 2 (T) 

31 2 (T) 

IR50" IR72" IR64616 Hb IR65485 Hb 

5.0 5.2 5.6 6.3 

4.9 5.0 5.7 5.9 

4.6 5.0 6.1 6.2 

4.9 4.9 5.4 5.9 

5.0 5.0 5.7 5.7 

ns ns ns ns 

4.9 5.0 5.7 6.0 

'Inbred. bHybrid. LSD (0.05) for comparison of hybrids and inbreds: 0.3 t/ha, CV = 10.0%. 
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lines. The search for apomixis will be continued in 
collaboration with the wide hybridization project. 
An international symposium on hybrid rice will be 
organized at IRRI to 1) review progress made in 
hybrid rice since 1986 when the first symposium was 
held in China, 2) propose future research needs, and 
3) discuss areas and mechanisms for international 
collaboration, includingtheestablishmentofan inter-
national task force on hybrid rice. 

Subprogram II: Crop, resource, and 
pest management 

Efficient use of fertilizer, soil, and 

biologically fixed nitrogen 

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

AZOLLA GERMPLASM COLLECTION 
In 1991, the IRRI azolla germplasm collection carried 
518 strains that included 18 mutant strains from Iran 
and their parent and one tetraploid (Azolla pinnata) 
from Thailand, which were added this year. A total 
of476 strains have been distributed to 21 researchers 
from 13 countries. Duplicates of the collection have 
also been sent to Iran and China. 

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

About 20-30 healthy fronds were selected from 
each strain and placed in small nylon net bags. They 
were then cleaned under continuously flowing tap 
water for about 30 min. About 30-50 azolla tips 
(3-5 mm long) were excised and placed in sterile 
nylon net bags, surface-sterilized for 3 min by soak-
inginasolutionwith2.0%hypochloritesolutionand 
1.0% Triton X- 100, then washed in sterile distilled 

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

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

The success of aseptic azoila t.,ansters variedfrom species to species and among strains. Surface 
sterilization for 3 min with hypochlorite solution 

was suitable for most strains; it was varied when 
oversterilization or algal contamination occurred. 

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

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

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

Observations were made 14 times from January 
to June 1991. A.filiculoides (FI) did not sporulate in 
this period. Only 19 strains formed sporocarps (Table 
14). A. caroliniana(CA) 3514, hybrids A. micro

phylla (MI) 4135 and MI 4136 (MI 4018 x [MI 4018 
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Table 14. Sporulation of azolla grown at Benguet State University, Benguet Province, 
Philippines, 1991. 

Sporulation 
Species, Accession no. 

Frequencyb 

PI 5 8 
PP 7001 13 

ME 2001 5 

ME 2024 13 

ME 2027 9 

CA 3023 9 

CA 3024 7 

CA 3025 7 
CA 3026 8 
CA 3027 10 
CA 3514 7 

MI 4009 4 

MI 4018 4 
MI 4067 12 

MI 4068 4 

MI 4069 3 
MI 4135 4 

MI 4136 9 

MI 4137 4 

Patternc 

micro > mega 
micro >> mega 

mega >> micro 

micro* mega 

mega >> micro 

micro • mega 

mega • micro 

micro >> mega 
mega . micro 
mega. micro 
no mega 

mega >> micro 

mega >> micro 
mega >> micro 

no micro 

mega >> micro 

no mega 

almost no mega 

no mega 

Remarks 

Hybrid 2001/4018 

Hybrid 2002//(2001/ 

4018) 

Hybrid 3522/4061 

Hybrid 3522/4061 

Hybrid 3522/4061 
Hybrid 3522/4061 
Hybrid 3522/4061 
From Universit6 
Catholique du 
Louvain 

Hybrid 4018/(4018/ 
1001) 

Hybrid 4018/(4018/ 
1001) 

Hybrid MI/ME 

IPI = Azolla pinnata var. imbricata, PP =A. pinnata var. pinnate, ME = A. mexicana, CA = A. caroliniana, 
MI =A. microphylla. b'Total observations = 14. 'micro = microsporocarps, mega = megasporocarps. The 
following accessionsdid notspcrulate during this period. FIl= A. filiculoides (NI=A. nilotica,RU - A. rubra, 
XX = unclassified): 
FIl 1001, 1010, 1016, 1035, 1040,1041, 1042, 1043, 1053, 1054,1055,1056, 1057, 1058, 1059, 1060,
 

1061, 1062, 1065, 1066, 1067,1068, 1069, 1070, 1536.1539,1540, 1545, 1547 
ME 2002, 2007, 2008, 2009, 2012, 2014, 2015, 2021,2022, 2025, 2026 
CA 3001, 3002,3004, 3005, 3006, 3008, 3011, 3012,3013,3014, 3015, 3016,3017, 3019,3501, 

3502,3503,3504,3505,3507, 3508, 3509, 3510, 3511, 3512,3513,3515, 3516, 3517,3518, 3519,
 
3520, 3521, 3522, 3523, 3524, 3525, 3526, 3527, 3528, 3529, 3530, 3531, 3532, 3533, 3534, 3535, 
3536,3537, 3539, 3540 

MI 4001, 4003,4014, 4017, 4021, 4028, 4030, 4052, 4062, 4064,4070,4072, 4073, 4074, 4075, 
4134,4138 

NI 5501 
RU 6502 
XX 8001, 8002, 8020, 8028, 8030, 8031 

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

Hybrids of CA 3522 (CA 3023 to CA 3027) 
produced male and female sporocarps at a high 
frequency, as did hybrids A. mexicana (ME) 2024 
(ME 2001 x Ml 4018) and 2027 (ME 2002 x ME 
2024). Hybrids of Fl 1001 with MI 4061 (from Fl 
1065 to Fl 1070) did not produce sporocarps. The 
production of hybrids among three closely related 
species (CA x MI or ME x MI) implies that they 
may be one species, as was suggested by earlier IRRI 
work on biochemical and genetic characteristics. 
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AZOLLA FINGERPRINTING 
Twenty-five accessions were selected for a prelimi
naiy study to represent the diversity of germplasm 
within thegenus: 13 strains belong to the Rhizosperma 
section and 12 strains represent 5 species of the 
Azolla section. Accessions are difficult to classify as 
azolla strains are difficult to distinguish by morpho
logical characteristics alone. Molecular markers, 
including isozymes, are being used to characterize 
different strains, to identify redundancies and dupli
cations within the collection, and to clarify evolu
tionary relationships among accessions. 
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Plants were grown under temperature and humid-
ity control in the phytotron and harvested for DNA 
extraction. Twenty-five primers containing 70% 
guanine + cytosine were used to generate random 
amplified polymorphic DNA (RAPD) profiles for 
the 25 accessions selected. An average of seven 
bands per genotype was visible for each primer used. 
Some primers gave up to 10 bands in some geno-
types. The molecular weight of each band was re-
corded and the data are being analyzed using the 
HYPER RFLP program developed at Cornell Uni-
versity for phylogenetic analysis based on molecular 
markers. 

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

A library of cloned DNA sequences is being pre-
pared. DNA from anabaena-free azolla strains has 
been isolated, digested, and size fractionated using a 
sucrose gradient. The DNA has been cloned into the 
vector PUC 119. Results of fingerprinting and phylo-
genetic studies using cloned DNA sequences as 
RFLP markers will be compared with results ob-
tamined using random primers in polymerase chain 
reaction-based assays. RAPD appears to be an effi-
cient and fast way to characterize azolla germplasm. 
By screening both RFLPs and random primers, we 
hope to identify some markers that are particularly 
useful in distinguishing accessions or species in our 
germplasm collection. The entire germplasm collec-
Lon will be examinedonce useful markers have been 
identified. 

BLUE-GREEN ALGAE GERMPLASM COLLECTION 
The IRRI collection of N2-fixing-blue-green algae 
(BGA) was initiated in 1979 as part of a collaborative 
research program of Office de la Recherche Scienti
fique et Technique Outre-Mer (ORSTOM, France) 
and IRRI to study the ecology of BGA and their 
possible use as biofertilizer in wetland rice culture. 
The collection comprises 204 strains originating 
from 21 countries (Table 15). In 1990-91, informa
tion regarding the strains was entered in a data base. 
A computer program was designed using Hypercard 
software to standardize and facilitate the visual and 
microscopic descriptions of cultures in liquid and on 
solid media. A Macintosh computer, a hard disk, and 
the Hypercard 2 program are needed to use the 
stacks. 

Information on the strains is compiled in six 
interconnected Hypercard stacks: 
1. Cards of the main stack, "Collection" (486 kbyte, 

206 cards), provide the following information: 
N genus, IRRI's code, and other codes when ap

plicable; 
N country and location of origin, and habitat; 
U year of isolation, year of acquisition to IRRI's 

collection, and information on strain conser
vation; 

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

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

U standardized microscopic description; and 
N additional notes including bibliographic refer

ences on the strain and its environment. 

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

Number 
Genus Africa Asia 

Senegal Others Philippines Others 
Europe 

Anabaena 13 5 7 15 5 
Calothrix 23 2 11 7 1 
Fischerella 4 2 4 3 1 
Gloeotrichia 0 0 2 0 0 
Nodularia 0 0 0 1 0 
Nostoc 28 9 12 17 4 
Scytonema 1 3 1 4 0 
Tolypothrix 0 0 0 2 1 

N2-fixing 69 21 37 49 12 
Nonfixing 

Total 
8 

77 
0 

21 
0 

37 
0 

49 
1 

13 

Other 
regions Total 

5 50
 
1 45
 
0 14
 
0 2
 
0 1
 
1 71
 
0 9
 
0 3
 

7 195
 
0 9
 
7 204
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2. 	The stack "Describe" (311 kbyte, 19 cards) is an 
on-screen tool to describe 
" cultures of strains growing on solid and liquid 

media (aspect and color), and 
• 	 their morphololical features under the micro-

scope. 
3. 	 The stack "Keys" ( 172 kbyte, 69 cards) provides 

on-screen taxonomic keys for genera encoun-
tered in ricefields. 

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

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

strains; and 
* 	 estimating BGA abundance and activities in 

ricefields. 
6. 	The stack "Sites" (25 kbytes, 12 cards) provides 

information on the environments from which the 
strains originated. 

NEXT STEPS 
We will continue to conserve and evaluate biofertil-
izer germplasm, and to investigate the dynamics of 
soil N and fertilizer N and the mechanisms by which 
the rice root system utilizes them. The project's 
activities will be transferred to integrated nu -ient 

management in the Rainfed Lowland Rice Program. 

Direct seeded rice 

SEED VIGOR, GROWTH, AND GRAIN YIELD OF 

BROADCAST SEEDED, EARLY-MATURING RICE 

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

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

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

Grain yield was lower in the low-vigor varietal 
group than in the high and intermediate groups 
because of the low panicle-to-shoot ratio of the low
vigor group. The results suggest that high seed vigor 
is important riot only for increasing crop establish
ment but also for high grain yield. 
Table 17. Germination rate(RG)of varietiesusedinfield 
experiment. IRRI, 1990 DS. 

Variety Germination 
rate (%) 

High seed vigor variety 
RP1442-2-2-3-5-1 100.0 a 
IR13240-108-2-2-3 99.3 a 
BG1203 98.7 a 
RNR1429 98.0 ab

IR2584-9-3-297.3 abIR25884-94-3-2 

Intermediate seed vigor variety 
IR39357-133-3-2-2-2 94.7 ab 
IR21178-39-P1 93.3 ab 
IR13429-299-2-1-3 89.0 b 

IR25879-82-5-2 77.3 c 

Laxmi 75.8 c 

Low seed vigor variety 
IR21848-65-3-2-2 71.1 c 
OS4 55.3 d 
Giza 159 35.7 e 
IRAT140 22.7 f 
Dharial 15.2 f 

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

Varietal group Germination Percent Aging Cold Shoot:root
 

High seed vigor
Intermediate seed vigor
Low seed vigor

Max 
Min 
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rate germination test test length 

99 a 
86 a 
40 
100 

15 

c 

99 a 
98a 
84 b 

100 
58 

38 a 
12 b 
6 c 

57 
1 

18 a 
16 b 
6 c 

25 
0 

0.26 a 
0.23 b 
0.14 c 
0.43 
0.12 



Table 18. Mean values for growth parameters of 3 varietal groups. 

Crop 
Varietal group establishment 

(%) 
High seed vigor 52 a 
Intermediate seed vigor 54 a 
Low seed vigor 37 b 

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

Crop growth rate (g/m2 per d) 

Varietal group 19-33 d Heading to 15 d after 
after seeding 15 d after heading 

heading to maturity 

High vigor 4.4 a 13.4 a 10.9 a 
Intermediate 4.7 a 10.9 a 10.2 a 

vigor
Low vigor 3.2 b 11.9 a 9.1 a 

Max 5.8 16.1 26.8 
Min 1.3 3.2 3.5 

LOCK-LODGING RATOON CROPPING 

In many irrigated lowland areas, farmers produce 

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

Total shoot Panicle-to
dry wt 
(kg/m 2 ) 

shoot dry 
wt ratio 

Yield 
(t/ha) 

0.93 b 0.52 a 4.7 a 
1.00 a 0.50 a 4.8 a 
0.94 b 0.35 b 1.9 b 

tubewells, pumping costs are a large variable cost. In 
contrast, water supplied from gravity-fed irrigation 

systems is cheaper although adequate supplies are 
often not assured in DS and moisture stress is a 

common production constraint. A ratoon crop pro
vides an option to reduce the costs for land prepara
tion and for irrigation because the ratoon matures 
more quickly than a main rice crop. Typically, 
however, ratoon crop yield and net return are so low 
that they are not competitive with another main rice 

crop. 
We developed a novel ratooning technique that 

involves the systematic braiding of stubble to "lock
lodge" the straw flat against the soil surface after 
harvest of the main crop (Fig. 6). This method was 

compared with conventional ratooning where the 
stubble is left standing after harvest. One study was 
conducted at IRRI with IR66, and another in a 
farmer's field in Camarines Sur with IR74. 

6. Uniform tillering of a lock-lodge ratoon crop 14 d after harvest of main rice crop. 

Irrigated rice ecosystem 23 



Table 20. Main crop grain yield and yield, panicle number, and duration of a following
ratoon crop established by lock-lodging (LL) or by conventional (C)ratooning at 2 sites. 

Ratoon performance, 
Main crop Ratoon Ntreatment 

yield method Grain yield Panicles Duration 
(t/ha) (t/ha) (no./m) (d) 

IRRI, 1990 WS
3.6 LL Control, zero N 1.5 bc 206 b 66 
3.5 LL 60 kg N/ha, 1, 1.6 b 275 ab 73 
3.4 LL 60 kg N/ha, T2 2.4 a 338 a 73 
3.5 Mean 1.8 A 273 A 71 
3.9 C Control, zero N 1.1 cd 206 b 66 
3.5 C 60 kg N/ha, T1 0.8 d 212 b 73 
3.8 C 60 kg N/ha, T2 1.4 bc 281 ab 73 
3.7 Mean 1.1 B 233 A 71 

Camarines Sur, 1991 DS 
3.6 LL Control, zero N 1.8 c 250 b 90 d 
3.6 LL 90 kg N/had 3.6 a 364 a 99 b 
3.6 Mean 3.3A 307 A 97 B 

3.6 C Control, zero N 1.2 d 124 c 94 c 
3.6 C 90 kg N/had 2.8 b 309 ab 106 a 
3.6 Mean 2.5 B 272 B 103 A 

'For each experiment, means followed by the same lowercase or uppercase letter do not differ signifi
cantly by DMRT, P<0.05. "Main crop planted inJuly and harvested InOctober 1990; ratoon crop harvested 
inDecember 1990. T,= 30 kg N/ha 2wk before main crop harvest plus 30 kg N/ha 2wk Lifter harvest of 
main crop. T,- 30 kg N/ha at harvest of main crop and 30 kg N/ha 3wk after harvest. 'Main crop planted
inSeptember 1990 and harvested inJanuary 1991; ratoon crop harvested inMay 1991. Pooled mean of 
4 N timing treatments, all with split applications at harvest of main crop and at3 and/or6wk after harvest. 

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

In Camarines Sur, treatments included a zero N 
control and four Ntimings, each totaling 90 kg N/ha. 
In contrast to the experiment at IRRI, none of the N 
timing treatments had N application before harvest 
of themaincrop. Instead, N treatments differed in the 
timing of the split applications from immediately 
after harvest of the main crop to 3and 6 wk after lock-
lodging. As treatment effects due to N timing were 
not significant, pooled means for all N treatments are 
presented (Table 20). Mean yield with lock-lodging 

was 31% greater than with conventional ratoon. In 
treatments with N fertilizer, yield from the lock
lodge ratoon was comparable with the yield from the 
preceding main crop. Crop duration, moreover, was 
16dshorterinthelock-lodgeratoon.Asintheresults 
at IRRI, increased grain yield from lock-lodging 
reflected more uniform tillering and greater panicle 
numbers than from conventional ratooning. Grain 
filling was also more uniform in the lock-lodge crop 
so that crop duration was about 5d shorter than in the 
conventional ratoon. 

Production costs and returns were compared ba.sed 
on data from the Camarines Sur experiment in a 
gravity-fed irrigation system and data collected at 
another site with pump irrigation where a farmer 
established two adjacent blocks (one block with a 
lock-lodge ratoon and the other with a main 
crop).Time-adjusted productivity was estimated for 
the ratoon and main crop options when both were 
grown in the same season (Table 21). Although the 
main crop produced 14-24% more grain per day, the 
lock-lodge ratoon had considerably lower produc
tion costs so that net margins adjusted for crop 
duration were comparable orgreater with the ratoon. 
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Table 21. Time-adjusted estimates of grain yield, production costs, and gross and net 
returns for a main crop and lock-lodge or conventional ratoon crops at 2 locations with 
pump or gravity-fed irrigation systems in Camarines Sur, Philippines, 1991 DS.1 

Establishment method 
Crop Grain Total cost 

duration yield ($/ha
(d) (kg/ha per d) per d) 

Gross Net margin 
return ($/ ($/ha 
ha per d) per d) 

Pump-irrigated (IR72) 
Main crop 105 40 5.5 8.9 3.4 
Lock-lodge ratoon 90 35 2.9 7.8 4.9 

Gravity-irrigatud (R74)
Main crop 115 46 1.9 10.2 8.3 
Lock-lodge ratoon 99 37 0.6 8.2 7.6 
Conventional ratoon 106 19 0.2 4.2 4.0 

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

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

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

Water and tillage management 

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

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

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

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

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

In the standard practice (WR 1), 20 mm of water 
was lost daily because of percolation. Only 9 mm/d 
was lost when saturated soil was maintained (WR3). 
The average water used in WR3 was therefore 60% 
of that used in WRI during the seasons (Table 22). 
Regime WR3 was adequate to fully meet the crop's 
evapotranspiration demand for water. During 1988 
and 1989, weeds were effectively controlled in all 
water regimes, hence there was no significant yield 
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Table 22. Mean rice yields, water use, water productivity,and weed weights wider selected 
water regimes. Guimbti, Nueva Ecija, Philippines, 1988-91 DS. 

Water regime, 
Item 

WR1 WR2 WR3 WR4 

Mean yield (kg/ha) 
1988 aid 1989 5552 a 5237 a 5153 a 4336 b 
1990 and 1991 5102 a 4833 a 4198 b 3757 c
 

Water use (mm) 
1988 and 1989 1793 a 1168 b 1068 b 728 b
 
1990 and 1991 2785 a 1804 b 1644 bc 1065 
 c
 

Relative water use (%) 
1988 and 1989 100 65 60 41
 
1990 and 1991 100 65 59 38
 

Weed weights (g/m 2) 
30-46 DTb 
1988 and 1989 19.3 a 12.4 a 30.1 a 52.0 a 
1990 and 1991 63.1 a 54.4 a 194.2 b 159.1 b 

'R1 =continuous flooding (2-7 cm); WR2 =similar to WRI up to panicle initiation, then saturated soil;
WR3 = saturated soil throughout; WR4 = alternate wetting (to saturate the soil) and drying (up to 
maximum of 1 d after attaining saturatiois,. Inarow, values with the same letter are not significantly
different at the 5%level by DMRT. bDays after transplanting. 

difference between WRI and WR3. This indicates 
that with normal weed control measures (chemical 
or mechanical/manual), excessive water need not be 
used as a tool for weed control. Further, water saving 
of about 40% can be achieved without yield reduc-
tion if a saturated soil regime (WR3) is maintained 
through the growing season in place of the usual 
shallow-flooded regime (WR 1). In WR3, more than 
80% of the savings accrued from r-educed percola-
tion because of reduced water head on the field, 

During DS of 1990 and 1991, the same degree of 
water saving was achieved with WR3, but the aver-
age yield was significantly reduced because of in-
adequate weed control (only one hand weeding was 
done). This resulted in higher weed growth in 1991 
and lower mean yield for the two seasons of 1990 and 
1991 (Table 22). In 1990, however, water regime 
WR2 controlled weeds as well as WR I did because 
of the weed suppressive effect of shallow flooding 
during the crop's vegetative period. Therefore, WR2 
yield was not significantly different from that of 
WR 1.But because of higher percolation rates during 
the early part of the season, total water use with WR2 
was slightly h*gher than with WR3, but still signifi-
cantly less thzr; with WR 1.On the average, water use 
in WR2 was 35% less than in WR I during the DS of 
1990 and 1991. Thus, if weed pressure is high, WR2 
is the most appropriate water management regime 
for substantial water savin!" without yield sacrifice; 

however, without high weed pressure, WR3 (satu
rated soil) is the best water regime. Soil nitrate and 
ammonium concentrations measured in the experi
mental plots were similar in WR 1and WR3 regimes, 
indicating that N losses from the soil do not differ in 
these two regimes. 

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

Future plans. Developing means and techniques 
for improving water use efficiency in irrigated rice 
production will be more important as water supplies 
for agricultural purposes become more costly and/or 
competitive with other uses. We will continue inves
tigations of practical means by which rice farmers in 
irrigation systems could increase the productivity of 
water without having to sacrifice yield potentials or 
incur significant additional labor or other inputs. In 
rice farms using groundwater, we will analyze the 
economic benefits of adopting the water-efficient 
irrigation methods reported here. We will extrapo
late these findings for rice farms with various soil 
types and determine how the design and operational 
procedures of large-scale irrigation systems couldbe 
modified to implement practically the water-effi
cient irrigation techniques over wider areas. 
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DROUGHT TOLERANCE OF DIRECT SEEDED VS 
TRANSPLANTED 	 RICE 
In recent years, direct seeded rice (DSR) culture has 
been expanding and replacing transplanted rice (TPR)
in several countries in the region. This process is 
under way in the Upper Pampanga River Integrated 
Irrigation System (UPEIIS), which is the Philip-
pines' premier irrigation system and serves more 
than 100,000 ha of rice area in Central Luzon. The 
implications for water management are important 
not only for the irrigation system's present capacit) 
to support rice production but also for future system 
design and operation. 

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

W3-mild water stress in vegetative stage;
W4-severe water stress in vegetative stage; 
W5-mild water stress in the reproductive stage; 

and 
W6 -severe waterstress in the reproductive stage. 

The mild and severe water stress regimes lasted 10 
and 20 d. respectively, starting with saturated soil. 

The experiment used a split-plot, randomized 
complete block design with four replications, with 
the main plot (20 x 8 m) for water regime and the 
subplots (10 x 8 m) for crop establishment method. 
Farmers' practices for inp: levels were followed. 
IR64 was grown at seeding rates of 150 kg/ha for 
DSR and 120 kg/ha for TPR. Fertilizer was 120-40
40 kg NPK/ha for both. The plot was kept weed-free 
by hand weeding and herbicide use. 

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

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

Futureplans. Becauseofitshigheryieldpotential 
in farmer field conditions and lower labor require-

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

Water regimec 

W1 

W2 
W3 
W4 
W5 
W6 

Mean 

Yield (t/ha) Yield component difference (DSR-TPR) 

DSR TPR 	 Difference Tillers Panicles Unfilled 
(DSR-TPR) (no./m 2) (no./m 2) greins (%) 

**
7.6 7.4 0.2 ns 336** 164"* -4.0 
7.3 6.7 0.6** 314** 142"* -3.3** 
7.0 6.3 0.7** 267** 167"* -4.3** 
6.1 5.3 0.8** 266** 160"* -3.3** 
6.4 6.0 0.4* 278** 143** -1.8 ns 
5.2 4.2 1.0"* 171** 92** -9.8** 
6.6 6.0 0.6 272 144 -4.4 

'Inacolumn,** =significant at 1%level by DMRT, * = significant at 5%level by DMRT, ns =not significant. 
bMaligaya Rice Research and Training Center, Mufioz, Nueva Ecija, Philippines, and Upper Pampanga
River Integrated Irrigation System. 'WI = continuous shallow flooding (5-7 cm), W2 = saturated soilthroughout season, W3 - mild water stress in vegetative stage, W4 = severe water stress in vegetativestage, W5 = mild water stress in reprodir.tive stage, W6 = severe water stress in reproductive stage. 
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ment, DSR is economically more attractive to farm-
ers than TPR. Farmers in the UPRIIS, are replacing 
TPR, but in most other irrigated areas such replace
ments are either marginal or nonexistent. We plan to 
, determine the relative profitability of DSR; 2) 
identify land-based and hydrologic requirements 

that make the shift from TPR to DSR feasible; 
3) determine the water-saving that can be achieved 
with the shift both at the farm and irrigation system 
levels, and assess its implication for irrigation sys-
tern productivity; and 4) determine why the shift to 
DSR is not taking place on a wider scale. 

1 ~60-
Pest ecology and integrated pest 

management
 

If not managed, the insects, weeds, microorganisms, 

rodents, and other pests that inhabit the irrigated rice 
environment may cause significant losses. However, 
incorrect pest management (such as improperly timed 
pesticide application) also may cause losses. Know

ing when, where, and how to select and deploy pest 
control practices is essential for farmer profit, yield 
sustainability, and health and environmental protec
tion. A prerequisite to correct selection and deploy-
ment of the pest control methods is an understanding 
of the actions, reactions, and interactions of compo-
nents in the crop ecosystem that affect the pests and 
their natural enemies. 

PEST EPIDEMIOLOGY, DYNAMICS, AND 
ECOLOGICAL INTERACTIONS 
Tungro virus-insect vector relations. Green 
leafhopper Nephotettix virescens density, RTD 
incidence, and infection with RTBV and RTSV were 
monitored once every 2 wk in farmers' fields planted 
at 3-4 wk intervals in Iloilo and Sultan Kudarat, 
Philippines. IR74 was planted in WS and IR72 in DS 
1990 croppings. 

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

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

Volunteer rice plants germinating from seeds 
spilled after threshing were monitored for GLH, 
RTBV, and RTSV. Threshirg sites used in the 1990 
DS crop were surveyed ir Magarao and Pili, Cam
arines Sur; Barotac Nuevo, ioilo; and Isulan, SulWn 
Kudarat. RTD vectors were collected by sweep net 
and 10-20 batches of 10 seedlings from each site 
were assayed separately using ELISA todetectRTBV 
and RTSV. 

More leafhopper vectors were collected in Sultan 
Kudarat than in Camarines Sur and Iloilo, although 
leafhoppers were present at most sampling sites. No 
RTD virus infection was detected in Camarines Sur. 
More RTSV infection was presemt in plants collected 
from Iloilo and Sultan Kudarat, but only a few sites 
produced RTBV (Table 24). Low composite infec
tion of RTBV and RTSV was detected even though 
it is known that testing the seedlings in batches 
increases the chance of detecting double infection. 



Table 24. Tungro vector density and pe.-centage of RTBV and RTSV infection Involunteer 
rice plants In 3 Philippine provinces, 1990 DS. 

Sampling Av Batches Batches (%)of seedlings
Province sites vector testedb infected with 

(no.) density' (no.) 
RTBV +RTSV RTBV RTSV 

Camarines Sur 5 4.4 77 0 0 0 
Iloilo 12 2.5 239 3.7 0.4 17.5
 
Sultan Kudarat 16 19.0 
 317 4.4 1.9 21.3 

°Leafhopper catches per 10 sweeps. b8atches of 10 seedlings assayed separately by ELISA. 

Table 25. Developmental time and sex ratio of F1 progenies of YSB from 6 sites in the 
Philippines. 

Days (no.) from egg Sex ratio 
Site hatch to adult df Gb 

emergence' Male Female Total 

Cagayan 39-47 12 16 28 1 0.58 ns 
Ifugao 36-49 59 82 141 1 3.77* 
Batangas 42-53 424 468 892 1 2.18 ns 
Calauan, Laguna 40-50 79 102 181 1 2.92 ns 
IRRI, Laguna 45-60 34 38 72 1 0.22 ns 
Nueva Ecija 37-49 93 104 197 1 0.62 ns 

Total 7 10.27 ns 
Total 701 810 1511 Pooled 1 7.87** 

Heterogeneity 6 2.40 ns 

IFvalue =570.23 P>0.001. bG statistics (Sokal and Rohlf 1969). The null hypothesis isa 1:1 sex ratio. 

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

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

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

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

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

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

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

Source 

YSB strains 
YSB genotype (egg mass/strain) 
Rice variety 
YSB strain x rice variety 

Survival Larval weight 

df Type III MS Fvalue P> F Type III MS Fvalue P> F 

3 .0902112 1.698 0.1780 1.30207845 4.367 0.0102 
76 .0486687 2.860 0.0001 0.28203274 1.259 0.0868 
8 .6928647 32.252 0.0001 0.82503005 3.177 0.0126 

24 .0214829 1.262 0.1815 0.26055065 1.163 0.2727 

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

Table 27. ShB severity on IR58 planted in soils collected 
from IRRI ricefields. 

Relative lesion height (%)
Field no. 

Crop 1 

528 44 fg 
B-13 15 a 
503 30 a-g 
1002 22 a-d 
M-13 30 a-g 
116 20 abc 
UR4 26 a-f 
424 45 g 
428 22 a-d 
226 20 abc 

M9 20 abc 
229 19 abc 
306 28 a-g 
624 30 a-g 
422 22 a-d 
B-42-A 42 efg 
Check 60 g 

Crop 2 Crop 3 

21 abc 2 ab 
10 a Aab 
16 abc 4 ab 
22 abc 6 ab 
17 abc 2 ab 
19 abc 8 ab 
20 abc 11 abc 
22 abc 6 ab 
20 abc 13 abc 
14 abc 9 abc 
23 abc 19 abc 
21 abc 10 abc 
20 abc 8 abc 
22 abc 2 a 
27 c 12 abc 
18 abc 0 a 
45 d 38 d 

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

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

Soil suppressive to sheath blight. Field testing 
of bacterial isolates for biocontrol of rice diseases 
gave varied results. To determine whether the 
variability was field specific, soil samples were 
collected from 40 field plots at IRRI and assayed for 
suppressiveness and conduciveness to the sheath 
blight (ShB) Rhizoctonia solani pathogen. Soil 
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samples were air-dried, sieved through a2-mm screen, 
and then placed on plastic plates. Sclerofia 

germination and mycelial growth on the samples 
were evaluated. 

To test for suppression of ShB lesion develop

ment, IR58, a rice variety susceptible to ShB, was 
directly seeded in soil mixed with the R. solani 
inoculum at a ratio of 1:20 (wt/wt). The rice plants 
were evaluated for ShB 40 d after sowing (DAS). 
Results showed that ShB was well developed in 
sterilixedsoil with pathogen inoculumat2l DAS.Of 
40 soil samples from different field plots, 14 were 
suppressive to ShB development and 8 were condu
cive (level of disease development was comparable 
with that of the check). In three consecutive rice 
plantings, several soil samples consistently reduced 
ShB severity (Table 27). Different bacteria were 
isolated from these soils. Some were Gram-negative 
with either yellow or creamy colony forms; others 
were Gram-positive with white colonies (Table 28). 
Both groups of bacteria inhibited sclerotia germina
tion in R. solani. We will evaluate and characterize 
further their role in soil suppression of ShB develop
ment. 

PEST CONTROL TACTICS 
Bacillusthuringiensiseffects on yellowstem borer. 
Laboratory bioassays determined the toxicityofseven 
purified Cryl and one Cryll endotoxins of B.t. to 
YSB. The endotoxins were mixed into an artificial 
insect diet in a liquefied state (temperature below 
60 'C). The diet-endotoxin mixture was poured into 
20-ml scintillation vials without lids and dried 
overnight under a fume hood. Before infesting the 
vials with YSB (six I-d-old larvae/vial), the diet's 
surface was split with asmall spatula (5slits/vial) to 
ease larval entry. The vials with larvae were inverted 
and incubated at 27 'C for 4 d, then mortality was 
recorded. Data were processed by Probit analysis. 



Table 28. Association of bacteria in suppressive and conducive soils. 

Field no. Soil 
type, 

Bacteria colony description CFU (107/g soil) Germination 
M 

B-42-A C Yellow, Gram-negative 5 40 
Bacillus, Gram-positive 12 0 

B-13 S 
White, Gram-negative 
Bacillus, Gram-positive 

320 
16 

90 
50 

C-35 S 
White, Gram-negative
Bacillus, Gram-positive 

44 
47 

0 
10 

827 S 
Yellow, Gram-negative
Bacillus, Gram-positive 

90 
5 

35 
0 

226 S 
Fluorescent, Gram-negative
Bacillus, Gram-;'sitive 

7 
52 

0 
20 

L-2 
B-14 

S 
C 

White, Gram-i,:o'-tive 
Bacillus, Gram-positive 
Bacillus, Gram-positive 

3 
95 
28 

30 
30 
35 

IC=conducive, S=suppressive. 

Table29.EffectofB.t.purifiedendotoxinsontheyellow 
stem borer. 

Endotoxin LC. (ng/ml) Slope 

CrylA (a) 
CrylA (c) 
CrylB 

19,739 
799 

11,548 

1.27 
1.48 
0.75 

CrylC 10,644 3.55 
CrylD 18,050 0.55 
CrylE 515,094 1.56 
CryllA 1,406 3.92 

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

Effect of green manure on nematodes. The 
rice-root nematodes Hirschnanniellaoryza'e and 
H.mucronatainfest most ofAsia's irrigated ricefields. 
Green manure (GM) cropsAeschynomeneafraspera 
and 'c,,ibaniarostrata have potential to control rice-
root nematodes. We measured the effects of planting 
and/or incorporating S.rostrata and A. afraspera on 
the nematodes and rice yields under the following 
experimental conditions: 1)ricegrowncontinuously, 
2) incorporation of S. rostrata and A. afraspera 
shoots after the first rice crop, 3) removal of 
S. rostrata and A. afraspera shoots following their 
growth as a first crop, and 4) incorporation of 

S. rostrataand A. afrasperashoots following their 
growth as a first crop. 

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

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

Treatmentsb Initial Final nematode popu
nematode lation (no./liter of soil) Rice yield 

Crop 1 Crop 2 Green manure population (t/ha) 
incorporation (no./liter of soil) Crop 1 Crop 2 

H. mucronata, experiment 1,rainy season 
R R - 860 a 766 b 783 b 2.2 c 
R R + 1024a 1055 b 621ab 3.2 b 
S R - 775 a 9 a 446 ab 2.9 b 
S R + 750 a 12 a 352 a 4.0 a 

H. oryzae, experiment 2, rainy season 
R R - 771 a 708 b 465 b 1.2 b 
R R + 500a 705 b 40a 3.0a 
S R - 494 a 1 a 0 a 2.8 a 

S R + 472 a 4 a 24 a 3.2 a 

H. mucronata, experiment 3, dry season 
R R - 513a 394 bc 390 b 3.8 c 
R R + 827 a 628 c 123a 4.6 b 
S R - 181 a 204 ab 64 a 4.9 ab 
S R + 474 a 38 a 26 a 5.4 a 

H. oryzae, experiment 4, dry season 
R R - 17a 258 b 160 b 3.4 b 
R R + 51a 207 b 39a 3.7 b 
S R - 110a 35a 23a 4.4a 

S R + 147 a 24 a 15 a 4.6 a 

'Values are mean of five replications. For each experiment, means ineach column followed by the same 
letter do not differ at P < 0.05 according to Duncan's multiple range test. bR = rice, S= S. rostrata, - = no 
incorporation of S. rostrata shoots, + = incorporation of S. rostrata shoots. 

Table 31. Developmental periods of BPH used in theINTEGRATED PEST MANAGEMENT simulations,
simulations.

IMPLEMENTATION 

Simulation analysis of insecticide spray Developmental period (d) 
Parameterefficacies. We used a simulation model to determine 

Adult Egg Nymph 
the effectiveness of insecticides to control BPH females 
Nilaparvata lugens. The model assumes that the 

population is driven by an initial cohort of adults Mean x) 18.87 12.82 9.19 
7.98 5.38 1.40from neighboring crops or from long distance Standard deviation (s) 

ratio, Maximum duration (d) 32.00 15.00 13.00
displacement. Biological processes (sex 

oviposition rates, and the age-specific daily survival 

rates ofthe various stages) are included as subroutines. 
oXCalculation of the life span of each stage assumes 

that the stage has a constant daily survival rate. If the A, = Y S Saj . a,.j 
j=Oprobability of an adult surviving and remaining in 

the population to age j is Saj, it is viewed as the 
proportion of the adult cohort surviving to age j. where a is the potential adult longevity. Lengthof the 

Therefore, the number of adults surviving to time t egg and nymph stages are computed in the same way. 

from the initial cohort of a0 will be A,= Sa, ao. The The model runs on daily survival rates generated 

total number of live adults at time t is then from the mean and standard deviation and maximum 
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stage development periods. Table 31 gives the para- 
meters used. Test BPH populations were generated 
using a cohort of 5 BPH adults/hill per d and spray 
efficacy was computed as 

Spray efficcy - K- J 
K x 100 

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

total adult-days with spray. 
The effects of one spray on any day were simu-

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

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

Where daily immigration occurs, spray efficacies 
are ftrther reduced. Use of an insecticide with per-

Spray efficacy (%) 
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8. Relative spray efficacy of a perfect insecticide on egg, nymph, 
and adlult whien adult recruitment occurs I ) on day 1and 2) daily, 

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

against a pest such as BPH seem unlikely. 
Ultralow-volume compressed airsprayer.The 

ULV compressed air sprayer is ".iew concept in low
volume hand-held spraying. It comprises a lever
operated air pump, power booster, and compression 
chamber, which supplies compressed air through a 
seriesofmicrotubes toastandardspray nozzle. Inthe 
spray nozzle, air is mixed with a very low volume of 
pesticide before being discharged. Air volume and 
pressure are accurately regulated to provide an 
optimum ratio of air and pesticide mix. Volume 
outputs range from 5 to 15 liters/ha, compared with 
more than 200liters/hawithaconventional knapsack 
sprayer.Tests showed that most droplets were emitted 
as fine spray (100-200 .tm) and the droplet size 
spectrum appears very narrow, an ideal situation for 
general insecticide and fungicide application. 

Figure 10 highlights the ULV aspects of the 
sprayer and compares it with a commercially avail
able ULV sprayer, and a conventional knapsack 
sprayer. The discharge from the IRRI air sprayer is 
4% of that of the knapsack sprayer. 
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9. Relative spray efficacy of an insecticide wit l perfect efficacy 
on adtults and nymphs wyithi I) recruitment on day 1 and 2)daily 
recruitment. 
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It). Discharge of liquid using various sprayers and nozzles. KS = 
Tung I-hn knapsack sprayer with hollow cone nozzle, ULV-AS = 
ultralow-volurn air sprayer. 

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

Understatidiug pest epidemiology, dynamics, 
ecological interactions, and genetic variability is 
paramounttothedesignandimplementationoflPM. 
This work will be continued and the knowledge 
gained will be used in developing the IPM guide-
lines. 

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

Subprogram II1: Livelihood and 
production environments 
Systems productivity and sustainable 

In 199 1,project goals were changed from an empha-
sis on systems productivity to a specific focus on 
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identifying quantifiable indices of sustainability of 

rice systems that govern the short- and long-tern 
viability of rice-based cropping systems. This report 
covers the transition. We present final reports con
cerning crop diversification and survey studies of
farmer practices with regard to sources and process
ing of rice seed under former project activities, and 
the new project conccpt including the rationale and 
objectives for the change of emphasis. 

INTEGRATION OF FORAGE LEGUMES AND 

FOOD CROPS 

Forage crops can be grown as a sole crop or inter
cropped with an upland cereal planted after rice in
lowland soils during DS. Such a cropping pattern 

increases tile diversity of the rotation and can result 
in greater total productivity than continuous double
cropping of rice. 

Sorghum Sorghum hicolorwas intercropped with 
forage legumes to evaluate the performance of the 
crop combinations as a source of human and animal 
food in rice-based cropping systems. We experi
mented in an IRRI field with the following soil 
characteristics: silty clay, pH 6.2, 1.0% organic C, 
0.13% total N ,20 mg extractable P (Olsen)/kg, and 
13 .4 cmol(+)exchangeable K/kg. The forage legumes 
Clitoria ternatea, Desmanthus virgatus,and Stylosan
thes guianensis were planted simultaneously with 
sorghum in alhemate rows after minimum tillage. 
Monocrop treatments for all species and fallowed 
plots were included as checks. Supplemental irriga
tion was given three times. Sorghum was fertilized 
with 100-60-60 kg NPK/ha. 

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

Sorghum grain and fodder dry matter (DM) yields 
were not affected by intercropping (av 4.01 t grain/ 
ha and 4.27 1fodder/ha). Sorghum ratoon was like
wise not significantly affected, with mean yield of4.06 tDM/ha. However, ratoon DM yield was slightly
lower with the presence of intercrops because of 
shading by the rapid regrowth ofthe fully established 
forage legumes. In monocrop systems, the highest 
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total forage DM yield (13.9 t/ha) was obtained from 
desmanthus in 7 mo (Dec-Jun). Stylo gave forage 
yields of 10.: t/ha and clitoria gave 9.3 t/ha. When 
intercropped with sorghum, forage yielded 46% re-
gardless of species. although total fodder production 
was significantly higher with intercropping (av 
14.14 t DM/ha) than with monocropping. 

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

FARMERS' SEED SELECTION AND PROCESSING: 
PRACTICES AND PERCEPTIONS 

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

Of 70 rice seed samples, 76% were obtained from 
seed saved by the farmer from his own field and 22% 
were obtained from a neighbor's field. Farmers 
chose seed in selected patches in their own or in a 
neighbor's field that appeared to have high-yielding, 
uniform plant types. Most seed was machine-
threshed. Farmers passed a portion of the selected 
sheaves through the thresher before threshing the 
seed they would save. This reduced contamination 
from residual seeds of weeds or other rice varieties 
that may have lodged in the machine. To further 
eliminate weed seed, more than half of the samples 
were winnowed. In a few cases, threshed samples 
were placed in water to remove lighter seed that 

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

Ninety-seven percent of the samples were con
taminated with weed seed. Majorcontaminants were 
Echinochloa glabrescens (contaminated 79% of the 
samples, at a mean of 56 E. glabrescensseeds per 
contaminated I kg rice seed sample), Ischaemum 
rugosun (71% of samples, 52 seeds/kg), Eci'Jno
chloa crus-galli (30% of samples, 73 seeds/kg), and 
Finbristylisnijliacea(26% of samples, 8.2mg seeds/ 
kg rice seed or approximately 110 seeds/kg). Group
ing the major weeds by similar species, Echinochloa 
spp. contaminated 87% of the samples, or 87 seeds/ 
kg; other grasses (excluding I. rugosun) contami
nated 10% of samples, wvith a mean of 15 seeds/kg; 
and sedges were found in 34% of the samples, with 
a mean of 10 mg weed seed/kg rice seed. 

Seed from farmers' own fields had less weed seed 
than that from neighbors' fields. Although farmers 
obtaining seed from neighbors usually selected the 
patches to be used for seed, farmers processing seed 
for their own use were apparently more careful than 
farmers processing seed for others. Manually threshed 
seed was less contaminated with Echinochloaspp. 
and 1. rugosunt than machine-threshed seed. 

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

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

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

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

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

Recent evidence from long-term field studies of 
continuous rice systems indicates disturbing trends. 
All of th'-se experiments follow a similar concept in 
which management practices are optimized to in-
elude the best varieties, complete water control with 
irrigation, recommended nutrient inputs, and mod-
ern pest management strategies. In one experiment at 
IRRI with three rice crops per year, yields of the 
highest yielding varieties have declined linearly by 
35-40% since 1968 (r = -4.82,DS). At a research site 
in Nueva Ecija, Philippines, yields in WS have 
declined by nearly 100 kg/ha per yr since 1968 (r = 
-0.68) in a continuous double-crop rice system. In a 
similar double-crop system in Hyderabad, India, DS 
rice yields have also declined by about 40% in a 
12-yr period. At best, yields have remained constant 
in several other long-term studies, but even thse re-
suits arouse concern because rice yields in Asia on 
irrigated land must increase to meet future demand. 

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

NEXT STEPS 

A new set of project objectives specifically targets 
the issues of sustained productivity in intensive 
irrigated rice systems. Beginning in mid- 199 1, proj
ect goals have emphasized 1)identifying the factors 
responsible for the yield decline in some continuous 
rice systems, and developing management strategies 
that reverse or prevent such declines; 2) quantifying 
system output/input efficiencies as indices of change 
in the resource base, with emphasis on the relation
ship between productivity and specific soil proper
ties that are crucial to soil quality in irrigated rice 
systems; and 3) understanding farmer knowledge 
and perceptions of soil quality, changes in output/ 
input efficiencies, and short- vs long-term trade-offs 
in management strategies to sustain productivity of 
intensive rice systems. 

Rice-wheat systems 

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

INTERNATIONAL COLLABORATION IN RICE-WHEAT 

RESEARCH 

About one-half of the world's 20-25 million ha 
planted to a rice-wheat system is in Bangladesh, 
India, Nepal, and Pakistan. In May 1991, their agri
cultural reseafrch systems, togetherwith IRRI and the 
International Maize and Wheat Improvement Center 



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

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

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

wheat (sometrnes exacerbated by poor compati-
bility of rice and wheat cultivars), 

N excess water use for wheat and occasionally 
rice, 

Changes
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11. Changes in rice-wheat availability per person in Bangladesh 
between 1962 and 1987. 

E weeds and rats, 
N lack of rice threshers and rice and wheat reapers, 

and 
U labor scarcity at rice transplanting and at rice and 

wheat harvests. 
Sustainability of productivity is a major concern 

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

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

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

Interaction terms indicate that deep clay :soils 
are more responsive to fertilization than coarser 
soils. One additional irrigation for wheat on clay 
soils in a well-weeded rice - mustard - rice - wheat 
sequence produced an incremental 90 kg of wheat 
grain/ha in naturally drained soil but only 36 kg/ha 
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in waterlogging-prone land. Corresponding values 
for incremental gains from Ikg of inorganic fertil
izer/ha were 10 and 2.6 kg/ha; for 1.0 t FYM/ha, the 
gains were 41 and 10 kg grain/ha. Averaged over all 
environments and farm practices and crop rotations, 
a decrease of 1.0 t FYM/ha requires the substitution 
of 9.5 kg of inorganic nutrients/ha to maintain wheat 
productivity. 

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

tillage and seeding for rice and wheat are being 
studied interactively with concerns of weed 
manat,,ement and wheat duration. Findings from 
the rice phase indicate that the benefit of control
ling weeds (predominantly broadleaved species) 
is proportionately higher for rice grown on 
puddled than on nonpuddled soil. 

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

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

U 	In Dinajpur(Bangladesh), an integrative program 
examines rice-wheat rotations that involvejute or 
GM together with major nutrientand micronutri
ent fertilization and wheat establishment. 

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



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

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

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

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

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

RICE-SOIL STRUCTURAL MANAGEMENT FOR 
POSTRICE WHEAT 

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

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

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

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

For all treatments, average values for plant-popu
lation density at emergence were adequate for wheat 
production, but with mechanized seeding, more than 
30% of the seeded area had unseeded sections (gaps 
along seed rows) of 10 cm or more. After emergence, 
all treatments were irrigated to return the soil to field
capacity moisture whenever one-half of the plant
availablesoil waterin the root zone wascalculated to 
have been depleted. This irrigation allowed subse
quent ,. heat tillering and culm survival to achieve 
m-,e than 6 million culms/ha (MC/ha) at maximum 
tillering and about 4 MC/ha at harvest or, all treat
ments. Tillering was somewhat less without tillage, 
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and was highly variable-only a srall part of tile the nominal 90-d duration for the wheat cultivar we 
variation related to variation in emerged plant popu-
lation. (The relations of wheat population density at 
harvest to those at plant emergence and at maximum 
tillering were consistent with those determined at the 
same site in 1990.) Irrigation also helped maintain 
soil strength below 0.3 MPa throughout the season in 
the 0- to 0.2-m depth. Root-length density (for all 
treatments and seeding delays) was 0.2-1.5 cm/cm3 

in the 0- to 0.2-m depth and 0.02-0.3 cm/cm3 in 0.2 
to 0.7 m. 

Grain yields averaged over all tillage, seeding, 
and gypsum treatments were about 1.7 t/ha for the 
earlier sowings and 1.3 t/ha for the later ones. Be-
cause of late-December rains, the first sowing (3Jan) 
was later than intended and was so close to the 
second sowing in timing, seed zone moisture, and 
wheat growth that yields of the first and second 
sowings in each treatment were combined. For ear-
lier sowings, and for mechanized seeding only, yield 
from 120 kg seed/ha was 2.06 ± 0.07 t/ha-18% 
higher than the 1.74 ±0.05 t/ha achieved with 60 kg 
seed/ha. 

For the third sowing (13 Jan), the higher seed rate 
again produced 18% more grain: 1.45 ± 0.08 t/ha 
compared with 1.23 ± 0.08 t/ha for the lower rate. At 
the higher rate, and averaged over all seeding delays, 
shallow rototillage (TI) increased yield over TO by 
only 3±5%, but TI increased yield by 13 ± 5% at the 
lower seed rate. 

Yields were not affected by gypsum. In contrast 
to findings at the same site in 1990, traditioral 
plowing, broadcasting, ard harrowing (PBH) pro- 
duced the least grain among the 120 kg seed/ha 
treatments: 1.63 ± 0.22 t/ha for eary :owings and 
1.26 ± 0.11 t/ha for later ones. TI with manual 
sowing of 120 kg seed/ha yirqded less (1.75 ± 
0.05 t/hae than mechanized seeding in earlier sow-
ings, but was comparable (1.49 ± 0.12 t/ha) in later 
ones. Mechanized seeding achieved yields in excess 
of 2.0 t/ha despite the gaps along rows of emerged 
s;eedlings. 

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

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

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

NEXT STEPS 

During 1992, the International Collaboration in Rice 
-Wheat Research shall pursue its program in diag
nostics and monitoring-including diagnostic sur
veys in Bangladesh (Chuadanga and Dinajpur), India 
(Haryana), and Nepal (Naldung). I will hold an 
advanced workshop (Kathmandu) to define and stan
dardize procedures for on-farm monitoring and 
analysis in relation to sustainability, and to analyze 
(by the standardized procedures) two extensive data 
sets recently gathered in monitoring programs in 
Sind and Punjab (Pakistan). We shall conclude 
ongoing analyses for India and Nepal with analysis, 
synthesis, anl interpetation of national and district 
statistics for rice-wheat production and productivity. 
We will then compile data bases for Pakistan. 

Findings from the diagnostic and monitoring 
activities shah continue to guide the objectives and 
activities of the several multifactor field studies. The 
studies are conducted in the nine lead centers and are 
addressing in an integrative manner the various 
constraints to rice-wheat productivity and sustaina
bility. The 12 million ha ofoughly contiguous rice
and wheat-growing areas of South Asia represented 
by the lead centers comprise a major -coregional 
system-this ecoregional perspective will be recog
nized and featured in future planning (both scientific 
and administrative) of the Collaboration. 



Global climate change and rice 

Policymakers and scientists have become increas-
ingly concerned with global environmental issue-. 
As a result of stratospheric ozone depletion, greater 
penetration of ultraviolet-B (UV-B) radiation has in-
creased CO,and CH1 concentrations in the atmos-
phere, which may cause temperatures to rise through 
the greenhouse effect. 

This project addresses two major questions: how 
will global changes affect rice production and how 
does rice production affect global climate change? 
Last year's report included initial results of research 
on the effects on rice of ambient UV-B radiation an] 
high temperature stress. This report will focus on 
CH 4 emissions from flooded rice soils and rice 
ecosystem modeling activities. 

METHANE EMISSIONS FROM FI.OODED RICE SOILS 

Atmospheric C- 4 concentration has increased about 
1% annually to 1.7 ppmv during the last three dec-
ades. About 500 million t of CH 4is emitted annually 
into the atmosphere. Global CH4 emis, ;-)n has to be 
reduced because CH4 contriblites significantly to the 
greenhouse effect, it is an important sink for the 
atmosphere's cleaning agent (OH radicals), and 

oxidation of CH4 in the stratosphere provides a 
pathway for enriching the stratosphere with HO and 
resulting ice crystals, which catalyze 0.3 destruction. 

Flooded ricelands are a major source of atmos
pheric Cl- 4. CH4-producing bacteria thrive in flooded 
soils, and rice plants conduct C-I 4 from the soil to the 
atmosphere. CH 4 emissions increase whenever rice 
growth increases. The challenge is to develop tech
nologies that increase rice yield and reduce CH4 
emission at the same time. Before mitigation options 
can be developed, we have to identify the mecha
nisms that control CH 4 fluxes in ricefields and we 
have to reduce uncertainties about the strength of 
CH 4 sources. 

Ricefields are estimated to emit 40 million to 
100 million t of CH4 into the atmosphere each year. 
This is 10-20% of the total annual CH4 emission 
from all sources. Estimates of C cycling indicate that 
Asian ricefields may emit up to 63 million t of CH4/ 
yr. The estimate is reduced to 47 million t(Table 32) 
if different CH 4production potentials for various soil 
types are taken into consideration. These estimates 
do not include ebullition of CH4 through disturbance 
of rice soil during cultivation practices. 

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

Table 32. Estimated methane emission from Asian wetland ricefields based ot C inputs and 
modifying soil properties. 

Country 

Bangladesh 
China 
India 
Indonesia 
Japan 
Kampuchea 
Democratic People's 

Republic of Korea 
Republic of Korea 
Lao" 
Malaysia 
Myanmar 
Nepal 
Pakistan 
Philippines 
Sri Lanka 

Taiwan 
Thailand 
Vietnam 

Total 

Annual 
Annual methane 

Harvested Rough rice Annual methane emission 
rice area 

(km 2 ) 
production 

(million t/yr) 
C input, 

(million t) 
emission 
(million t) 

modified by 
soil properties 

(million t 

97,216 22.7 10.3 4.1 3.96 
321,499 174.7 53.3 21.3 14.71 
428,545 92.4 46.4 18.5 14.54 
79,439 40.5 11.3 4.5 3.54 
13,707 13.4 2.5 1.0 0.80 
10,113 2.0 0.9 0.4 0.35 
10,403 8.0 1.9 0.8 0.56 

6,644 6.2 1.3 0.5 0.43 
3,525 1.2 0.4 0.1 0.08 
5,895 1.7 0.7 0.3 0.17 

40,048 14.0 4.9 2.0 1.39 
6,589 2.7 0.7 0.3 0.18 

18,513 4.9 2.1 0.8 0.41 
25,464 8.9 3.0 1.2 0.82 
7,331 2.4 0.9 0.4 0.25 
6,358 2.3 1.1 0.4 0.42 

92,366 19.2 9.5 3.8 2.24 
58,219 15.4 6.7 2.7 1.84 

1,231,874 432.6 157.9 63.1 46.69 

'15% of straw, 100% of roots, 100% of aquatic biomass (algae and aquatic weeds), and 50% of weeds are 
returned. Organic amendments are not included. 30% of returned C is transformed to CH4 . 
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CH 4 from ricefields with the Fraunhofer Institute of 
Atmospheric Environmental Research, Louisiana 
State University, and the Agricultural University of 
Wageningen. In a greenhouse experiment to deter-
mine the effect of soil properties on CH 4 production, 
seven soils from different rice-growing areas were 
collected, set in greenhouse pots, planted to IR36, 
and kept flooded to 5 cm. Soil solution was anoxi-
cally drawn by gravity to monitor chemical and 
electrochemical changes. CH 4 production from 
undisturbed soil cores was determined by a gas 
chromatograph with a flame ionization detector using 
a Porapak N column. 

The pattern of CH 4 production is influenced by 
initial soil pH, organic matter, and anoxic soil condi-
tions. High pH favors CH4 production. Alkali and 
neutral calcareous soils produced CH4 shortly after 
flooding although the Eh of the soil solution was 
greater than -200 mV. In acid soils, CH4 production 
began later but lasted longer. Peak CH4 production in 
the calcareous and acid soils was attained at a soil 

solution Eh less than 100 mV and pH near neutral 
(Fig. 12). 

In another greenhouse study, the efiect of electric 
conductivity on CH4 production ii a Tropudalf soil 
(Maahas clay) planted to IR72 was determined. The 
addition of NaC salt slightly delayed CH 4 produc-
tion, but the effect did not persist (Fig. 13). CH4 

production in naturally saline soils may be sup-
pressed by related sulfate concentrations rather than 
by electric conductivity. 

We commenced baseline measurements of CH 4 
in an irrigated wetland soil (Maahas clay, pH 6.4, 
1.57% organic C, CEC 37.3 meq/100 g) using a 
24-h closed chamber measuring system. Treatments 
were four modes of urea fertilizer application: TI = 
broadcast at transplanting, T2 = broadcast and incor-
poration at final harrowing, T3 = broadcast 10 d after 
transplanting, T4 = deep placement of urea super-
granule at transplanting; no N fertilizer at later 
growth stages. CH 4 emission rates (!0-50 mg /m2 

per d) were low because of prolonged presubmer-
gence and low rice growth -straw yields inside the 
chambers were equivalent to 1.8-2.8 t/ha. Soil pH 
was constant at about 7, soil redox potential varied 
from 0 to 100 mV, and soil temperature in all 
treatments ranged from 29 C during early growth 
stages to 26 °C after flowering. The mode of emission 
was similar under all treatments. Emission rates 
were lowest in T I,which also gave the lowest rice 
yields. 
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13.Kinetics of soil-entrapped methane in NaCI-salinized soil. 

Future plans. Research will continue to investi
gatetheeffectsofNfertilizerapplicationmethodson 
CH4 emission in irrigated fields. Effects of organic 
amendments, water regimes, and cultivars will also 
be studied. 

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

RICE ECOSYSTEM MODELING-INSECTS 

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

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

Pest data collected in the Republic of Korea from 
1980 to 1989 were used to construct a data base in the 
Spatial Analysis System. Topographical base map 
layers were constructed based on 250- x 250-m 
interval readings of elevation. Polygons of county 
and provincial borders were constructed separately 
(Fig. 15). Polygons were reclassified and catego-

Table 33. Mean longevities of brachypterousBPH adults 
at different temperatures, 

Temperature Mean longevity MSE 
25 M 10.06 ( 1.76 22 

F 14.10 ± 2.08 27
30 M 7.72 ± 1.06 18F 15.12 ± 1.97 35 
35 M 8.46 ± 1.33 17 

F 12.72 ± 1.69 2340 M 2.58 ± 0.64 7
F 2.32 ± 0.56 9 


SE at 95% CL. 


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

Insect, cultivar LT50' Fiducial limits Slope 
(h) 

3d instar 
TN1 22.8 17.9- 31.8 2.5
Mudgo 24.1 18.6- 35.9 2.4
ASD7 24.6 18.1- 42.1 2.0


5th instar 

Tr.1 27.3 25.1- 30.2 4.6 
Mudgo 32.2 29.4- 36.8 4.8
ASD7 34.2 30.6- 40.5 4.2 

Brachypterous female 
TN1 19.4 10.8- 27.8 5.4 
Mudgo 13.7 10.9- 16.6 6.1 
ASD7 14.5 11.6- 17.5 6.1

Macropterous female 
TN1 55.5 44.9 -107.1 3.5 

'Time required to kill 50% of a population exoosed to aconstant 
lethal temperature. 

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

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

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

from pest surveillance. 
Future plans. Research will investigate other 

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

Technology-environment interactions 

HEALTH IMPACT OF PESTICIDE USE
For a comprehensive assessment of the impact of 
pesticide use in the Philippines, environmental and 

health data from selected pesticide-exposed farms 
and farmers in Laguna and Nueva Ecija and from 

control farms and farmers in Lucban, Quezon, were 
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14. Effect of temperature on BPH oviposition. 
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intensively and extensively monitored from 1989 to cides were detected insix of the seven artesian wells 

1991. Twelve biological, medical, and social scien- monitored inLaguna.We detected monocrotophos
tists worked together on the same sample of 56 residues ranging from 0. 1to 1.84 gg/ml in one well. 

Laguna farms or farmers, 57 Nueva Ecija fa~rmers, That a:mount exceeded the acceptable daily intake of 

and 39 Lucban farms or farmers. 3 x 10 4mg/kg of body weight. Weill water is used as 

Results of environmental impact analysis showed drinking water. 
no detectable residues in the soil, surface water, or Health impact results showed that eye, dermal, 
grains from the Laguna or Lucban field ::amples. neurologic, hematologic, pulmonary, and gastroin-

However, results indicated leaching of monocroto- testinal problems are associated significantly with 

phos, endosulfan, and chlorpyrifos into the ground- long-term pesticide exposure (Table 35). We suspect 

water, and residues of at least one of these insccti- that cardiovascular problems are also associated 
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with long-term pesticide exposure but evidence for The incidence of pterygium eye problem was 
thisremainsinconclusivebecauseofthesmallsamp!e much higher in the exposed group (67% in Nuei'a 
size in the younger age group of the control (Table Ecija and 25% in Laguna) than in the control group 
36). The percentages of abnormal findings in the (10% in Lucban). This isespecially significant as the 
Nueva Ecija and Laguna (exposed) samples was control is a relatively aged group and, ifother factors 
significantly higher than in the Lucban (unexposed) were equal, could be expected to show a higher 
samples, particularly for pterygium, nail pitting, incidence. For at least 5 yr, the exposed farmers have 
eczema, polyneuropathy, bronchial asthma, anemia, been using phenoxy herbicides and acetamide, herbi
and chronic gastritis. Health costs were statistically cides known to be moderately irritating to the eye. 
the same for the pesticide-exposed groups ($110 for Age-group analysis showed that none of the three 
Laguna and $113 for Nueva Ecija) but significantly farmers younger than 40 in the control group had 
higher than those of the control group ($69 for pterygium, while 7.14% of the Laguna farmers and 
Lucban). 44.44% of the Nueva Ecija farmers were affected. 

Table 35. Prevalence of health impairments by organ system among sampled Lucban 

(Quezon), Laguna, and Nueva Ecija farmer,.1 

Prevalence 

Health indicator Control Exposed 
Lucban Laguna Nueva Ecija 

no. % no. % no. % 
Eye 4 10.53 a 14 25.00 b 38 66.67 c 

Pterygium 4 10.53 a 14 25.00 b 38 66.67 c 
Dermatologic system 0 0.00 a 8 14.29 b 26 45.61 c 

Nail destruction 0 0.00 a 0 0.00 a 21 36.84 b 
Eczema 0 0.00 a 8 14.29 b 7 12.28 b 

Respiratory system 9 23.08 a 27 48.21 b 26 45.61 b 
Bronchial asthma 0 0.00 a 9 16.07 b 4 7.02 a 
Abnormal findings: 9 23.08 a 23 41.07 b 23 40.35 b 

Decreased breath 4 10.26 a 20 35.71 b 8 14.04 a 
sounds 

Harsh breath sounds 0 0.00 a 3 5.36 a 5 8.77 a 
Coarse rales 4 10.26 ab 2 3.57 a 11 19.30 b 
Decreased chest 1 2.56 a 6 10.71 b 0 0.00 a 
expansion 

Decreased percussion 0 0.00 a 1 1.79 a 0 0.00 a 
Rhonchi, base 1 2.56 a 0 0.00 a 0 0.00 a 
Chest tenderness 0 0.00 a 0 0.00 a 1 1.75 a 

Cardiovascular system 18 46.15 a 28 50.00 a 28 49.12 a 
Elevated blood pressure 9 23.08 a 14 25.00 a 12 21.05 a 
Abnormal electro- 13 33.33 a 19 33.93 a 21 36.84 a 

cardiograph 
Gastrointestinal tract 0 0.00 a 32 57.14 b 5 8.77 a 

Chronic gastritis 0 0.00 a 32 57.14 b 5 8.77 a 
Kidney 1 2.56 a 24 42.86 c 15 26.32 b 

Elevated blood urea 0 0.00 a 1 1.79 a 1 1.75 a 
nitrogen 

Elevated creatinine 0 0.00 a 7 12.50 b 4 7.02 ab 
Albuminuria 0 0.00 a 6 11.11 b 7 12.28 b 
Hematuria 1 2.56 a 18 33.33 b 6 10.53 a 

Neurologic system 10 25.64 a 16 28.57 a 20 35.09 a 
Polyneuropathy 0 0.00 a 3 5.36 ab 6 10.53 b 
Isolated hypo/hyper/ 10 26.32 a 13 23.21 a 14 24.56 a 

areflexia 

'Inarow, percentages with acommon letter are not significantlydifferent at a=.05 using X1test or Fisher's 
exact test. 
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Table 36. Percentage by age group of ECG impairment in subjects exposed to pesticides 

(Laguna and Nueva Ecija) and in acontrol group., 

Laguna (exposed) Lucban (critrol) Nueva Ecija (exposed) 

With With With 
Age (yr) no. impairment no. impairment no. impairment 

no. % no. % no. % 

< 40 28 8 28.57 3 0 0.00 18 7 38.39 
40-49 8 3 37.50 13 4 30.77 13 5 38.46 
>50 20 8 40.00 23 9 39.13 26 9 34.62 

Total or 56 19 33.93 39 13 33.33 57 21 36.84 
average 

'Relative risk: Laguna/Lucban = 1.15 ns, Nueva Ecija/Lucban = 1.09 ns. ns not significant by Mantel 
Haenszel chi-square test at 0.05. 

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

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

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

Thirty percent of the Laguna sample had signifi-
cantly low hemoglobin levels compared with 10% of 
the Nueva Ecija sample and 8% of the Lucban 
sample. Only the Laguna farmers used lindane, an 
organochlorine, which is suspected to be hemato-
toxic. Stratification controlling for intestinal para-
sites showed a relative risk of4.75 for Laguna over 
Lucban-this is statistically significant at the 0.05 
level. Farmers who used at least one item of protec-
tive gear (clothing, mask, or gloves) had signifi-
cantlyhigherhemoglobinlevelsthanthosewhoused 
none. 

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

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

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

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

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

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

Lagunab Lucban'
 

C N P pH Fe H20 C N P pH Fe H20 

Mean 2.3 0.23 30 6.3 1.1 105 2.5 0.28 9 5.2 3.6 162 
Max 3.8 0.33 81 7.5 2.3 183 3.2 0.62 74 7.2 5.9 383 
Min 1.5 0.15 2 5.4 0.3 51 1.8 0.18 2 4.5 0.8 98 

°C =%organic C, N =%organic N,P=available Olsen P,Fe =active Fe (ppm), HO =soil moisture %on 
adry weight basis. "Sampling was conducted at the end of the 1989 DS and the beginning of the 1989 WS. 
Available Fe was analyzed only inWS. 'Sampling was conducted at the beginning and end of the 1991 
DS.
 

greater amounts of these chemicals may explain 

their higher rate of renal impairment. 
Conclusions and future plans. Health exter-

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

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

A study was designed to determine the cost effec-
tiveness of training in overcoming pesticide-related 
health problems. It is hypothesize d that ti ained farm-
ers would practice safety preca:tions, have fewer 
illnesses, incur lower health expenses, and conse-
quently have better farm productivity than those 
without training. An 18-h, 3-d experiential training 
program was conducted for 57 farmers and laborers 
from Nueva Ecija. Before and after the training, 
baseline cholinesterase and physical examinations 
were done. The training program focused on pesti-
cide toxicity, necessary health measures and safety 
precautions, and first aid measures specific to pesti-
cide poisoning. Training modules and materials 
generated will be transferred to PhilRice for future 
farmer training, 

AQUATIC OLIGOCHAETE POPULATIONS IN RICE 

SOILS FROM TWO AREAS OF THE PHILIPPINES 

Aquatic oligochaetes are involved in the nutrient 
cycling processes of ricefields through translocation 
andmineralization,yetfieldstudiesconcemingthese 
organisms are scarce. Little is known about the den
sities, distributions, dynamics, and composition of 
their field populations. To assess the environmental 
and health impacts of pesticide use in rice produc
tion, aquatic oligochaetes were investigated in se
lected ricefields of Laguna (32 fields) and Lucban 
(30 fields). The multidisciplinary study was carried 
out under a scientific agreement between IRRI, the 
Natural Resources Institute (UK), and ORSTOM. 

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

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

Although species compositions differed between 
areas and among farms, the Tubificidae Limnodrilus 
hoffmeisteri and/orBranchittra sowerbyi were typi
cally dominant in both areas (Fig. 17). The highest 
aquatic oligochaete population density (44,000/m2) 
was recorded in a field in Lucban; however, popula
tion densities were considerably higher in Laguna. A 
population density of 44,000/m 2 was estimated to 
represent an oligochaete biomass of 780 kg fresh 
weight/ha. 
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At the Lucban sites, no correlations were found 

L.hoffmeisteri L.hoffmeisteri between soil properties measured or agrochemical 
use and oligochaete population densities. Population 
densities higher than 2,000/M2 developed only in 
soils with a pH greater than 6. All soil organic C and 

Others soil moisture content values in Lucban were above 
sswwrbbyi.the critical levels identified in Laguna. Soil texture was not determined on the Lucban farms. 

Laguna Lucban Significantly different aquatic oligochaete popu

lations and agroecological conditions were encoun
17. Composition uf aquatic oligochacte species in rice soils tered within and between the two areas. Evidence 
sampled in Laguna and Lucban. suggests that populations can be limited by soil 

organic matter, moisture content, and pH but that 
At the Laguna sites, aquatic oligochaete popula- they could be promoted, probably indirectly, by the 

tions were positively correlated with soil organic C application of N fertilizer. In ricefields where the 
(p<0.001), soil moisture content (p<0.001), and parametersdiscussed arenot limitingfactors, aquatic 
quantity of N fertilizer applied (p<0.005). Soil or- oligochaetes can develop dense populations and 
ganic C below 1.75% and soil moisture below 80% they probably conrihute significantly to the translo
at the time of sampling were apparently limiting. No cation and mineralization of nutrients. 
relationships were found between pesticide use To verify the findings, we will extend the study to 
(frequency, quantity, or type)and oligochaete popu- an area in Central Luzon where pesticide usage is 
lation density. No relationships were found between higher. 
soil texture and aquatic oligochaete populations at 
the Laguna sites. 
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Rainfed lowland rice ecosystem
 

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

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

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

Subprogram I: Sustainable 
resource management 

Resource management for enhanced 
productivity 

DRY SEEDING TECHNIQUE FOR 

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

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

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



power. Animal draft is a slightly cheaper power 
:;ource, but takes 4-5 d longer per hectare. 

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

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

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

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

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

Dry Trans-
Item seeded planted Difference, 

(n = 1) (n = 15) -

Rice yield (t/ha) 3.4 2.8 0.6 
Total value of outputb 501 422 79 ns 

($/ha)
Total paid-out costs 164 201 (37)* 

($/ha)
Total variable costs 395 412 (16) ns 

(S/ha)
RAPC ($/ha) 337 221 116** 
Gross margin ($/ha) 106 11 95 

'Significant at 5%(**) and 10% (*) levels by t-test. ns =not 
significant. 6US$1 =P26.00. 'Returns above paid-out costs. 

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

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

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

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

The reduction of soil strength to 35-cm depth and 
the resultant improved root elongation may increase 
the drought tolerance of beusani over nonbeusani 
rice. In this experiment, however, fields were kept 

flooded after wet plowing so any such advantage
could not be observed. This question will be the 
subject of future research. 

PERCOLATION BARRIERS IN 

WELL-DRAINED SOILS 
Increasing rainwater utilization efficiency is a key
factor in improving rice yields in well-drained soils. 

The possibility of improving water shortage by in
stalling subsurface percolation barriers using poly

ethylene sheets was evaluated at the Ilbon Rice 
Research Institute, Thailand. The soil was an Aeric 
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Paleaquult with pH 4.4; sandy (78.8% sand, 16.4% 
silt, and 4.8% clay), with bulk density of 1.57-
1.67 g/cc; infiltration rate 66.6 cm/d; 0.08% organic 
C; CEC 1.46 meq/100 gof dried soil; 0.02% total N; 
1.0 ppm available P; and 0.02 ppm K. 

Five treatments were tested: percolation barriers 
installed at 25-cm (TI) and 40-cm (T2) depths, 
seepage barrier on bunds installed only up to 40-cm 
depth (T3), undisturbed control without bund (T4), 
and undisturbed control with bund (T5). The ends of 
percolation barriers installed inTl andT2wereatthe 
top of the bunds to eliminate seepage flow through 

Water level (cm) 

o- , ,yielded 

0 _, --_--_ -_,_ _ L, 


-10 Soil
surface 


-20 - Barrier (40 cm) 

-- Barrier (25 cm) 


-30-


-40 Control (without barrier) 

-50 7 -- 7 - i7' --- --- - 7- -

Jun Jul Aug Sep Oct Nov 

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

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

Total rainfall during the growing season was 
1,430 mm in 1989 and 1,605 mm in 1990.Through
out the season, water accumulated on the soil surface 
in the plots with barriers, but never in the plots 
without barriers (Fig. 1). In 1989, treatments with 
barriers produced nearly four times the total dry 
matter (TDM) of those without barriers (Table 2). 
Both dibbling and transplanting gave superior TDM 
and grain yields in the presence of the percolation 
barrier. On the average, a single rainfed crop in 1989 

about 1.8 t/ha and two crops in 1990 yielded 
atotalof2.7 t/ha from plots with percolation barriers. 
The grain yield was virtually zero in plots without 
barriers due to severe drought stress in both years 

(Table 2). The barriers increased cropping intensity, 
z.lowing two rainfed rice crops to be grown in 1990. 

These results have stimulated subsequent research 
at the site to develop percolation barriers using more 

practical materials and techniques, and appropriate 
economic analysis. If the technology can be made 

cost-effective, percolation barriers may provide a 

significant advance in rainfed rice farming in highly 
percolating soils. 

Table 2. Grain and total dry matter yields of DSR and TPR as affected by barriers to percolation and seepage., Ubon 
Rice Research Center, Thailand, 1989 and 1990 WS. 

Treatment Soil treatment 
no. 

T1 


T2 

T3 

T4 

T5 

With plastic barrier 

at 25-cm depth 
With plastic barrier 
at 40-cm depth 
With plastic barrier 
on sides only, 

40-cm depth 
Undisturbed control, 

without bund 
Undisturbed control, 
with bund 

1989 total dry matter Grain yield (t/ha)
 
Ct/ha)
 

1989 1990b 

DSR TPR Average 
DSR TPR Average TPR1 TPR2 Average 

6.88 5.15 6.02 1.8 1.8 1.8 1.5 1.4 3.0 

7.72 4.86 6.29 1.9 1.6 1.8 0.8 1.6 2.4 

1.61 1.46 1.54 0 0 0 0 0 0 

1.00 1.41 1.20 0 0 0 0.1 0 0.1 

1.43 1.07 1.25 0 0 0 0 0 0 

'Average of 3 replications. bNo data for DSR (T1 and T2 were damaged by flood, and T3-T5 by drought). Two successive TPR 
crops were planted. 
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INTERCROPPING GREEN MANURE WITH DRY 

SEEDED RICE 

Farmers who grow DSR generally broadcast rice 
seed and either cannot afford fertilizer inputs or 
consider their use to e risky even though DSR 
responds positively to added nutrients. Green ma-
nure (GM) has been shown to increase rice yields as 
it improves N availability and soil organic matter. 
However, since farmers o D not generally consider 
production of a separate Q 4 crop, a new system of 
GM intercropped with row-sown DSR was designed. 

Field experiments were conducted at IRRI; in 
Mufioz, Nueva Ecija, in cooperation with PhilRice; 
and in Raipur, Madhya Pradesh State, India, with the 
Indira Gandhi Agricultural University. Stands were 
adequate in all treatments and locations (Table 3,4,5). 
Rice grown in paired rows (33-cm spacing between 
pairs of rice rowL 7 cm apart) with GM incorporated 

40 DE yielded more grain and took up more N than 
urea application treatments. Although broadcast DSR 
with beusani and urea application yielded less than 
paired row DSR with GM, there was little diffexence 
between broadcast and paired row DSR when GM 
was intercropped and incorporated (Table 5). 

A major constraint DSR farmers experience is the 
short time for land preparation and sowing of rice 
before the onset of heavy monsoon rains. The paired 
row DSR with GM intercrop took 60-100% more 
time for land preparation and sowing than broadcast 
DSR (Table 5). On the other hand, postemergence 
tillage (beusani) took less time in paired row DSR so 
that total labor requirements were less than forbroad
cast DSR. Future research will emphasize develop
ment of simple farm implements that will speed the 
initial establishment of the paired row DSR with GM 
intercrop at Rainfed Lowland Consortium sites. 

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

Seedling density Tillers at Grain N uptake
Treatment 

Paired row, GMb 
Paired row, urea 
Paired row, urea and trampling 
Broadcast, urea and beusani 

LSD (0.05) 

'Days after seeding. bGreen manure. 

20 DAS' harvest yield at harvest 
(no./m) (no./m 2) (tha) (kg/ha) 

341 443 4.3 70.1 
330 427 3.4 60.5 
336 429 3.8 64.2 
330 328 2.5 49.7 
ns 23 0.2 6.3 

Table 4. Effect of rice establishment, nutrition, and postemergence tillage on stand density,
tillers at harvest, grain yield, and N uptake. IRRI-PhilRice, Mufioz, Nueva Ecija, Philippines, 
1991 WS. 

Treatment' 

Paired row, GM 
Paired row, GM and herbicide 
Paired row, GM and urea 
Pairad row, urea and cono weeding 
Paired row, urea and herbicide 
Paired row, urea, cono weeding, and 

Seedling density
15 DE b 

(no./m2 ) 

330 
352 
338 
330 
355 
317 

additional urea 
Broadcast, urea and beusani 324 
Broadcast, urea, herbicide, and beusani 281 

Pooled standard error of mean 22 

Tillers at 
harvest 
(no./m2) 

Grain 
yield 
(t/ha) 

N uptake 
at harvest 

(kg/ha) 

430 
442 
427 
434 
4.8 
430 

4.5 
4.4 
4.5 
4.2 
4.2 
4.4 

88 
84 
92 
79 
84 
87 

353 
345 

15 

3.6 
3.6 
0.1 

64 
69 

'Cono weeding =weeding don3 with apush-type rotary weeder with acone-shaped rotor. bDays aftbr 
emergence. 
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Table 5. Effect of rice establishment, nutrition, and postemergence tillage on stand density, grain yield, and labor 
expense in seeding and postemergence tillage/weeding., IRRI-Indira Gandhi Agritultural University (Indian 
Council of Agricultural Research), Raipur, India, 1991 WS. 

Labor expense 

Seedling Grain Postemergence 
Treat'nent density

20 DAS 
(no/m 2) 

yield
(t/ha) 

Seeding 

Labor- Bullock 

tillage/weeding 

Labor- Bullock 

Paired row, GM 
Broadcast, GM 
Row (20 cm), urea, between-row 

plowing 
Broadcast, urea, beusani 
Row (20 cm), urea, hand weeding 
Broadcast, urea, hand weeding 

Pooled standard error of mean 

d/hab (paid-d/ha) d/ha (paid-d/ha) 

173 3.6 10.8 5.4 36.2 3.3 
159 3.6 6.4 4.7 75.4 7.6 
172 3.3 11.4 5.7 43.7 6.1 

153 3.3 5.0 4.2 56.0 6.6 
177 3.3 11.4 5.7 46.3 

170 2.7 5.2 4.4 64.1 

12 0.2 0.5 0.5 3.0 0.3 

'Doesnot include common weeding. 'includes human labor involved in plowing and manual seeding. 

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

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

At 30 DT, broadleaff weeds dominated in all 
toposequence positions. In addition to those listed 
above, Lindernia anagallis Pennell, Ludivigia hys-
sopifo!ia Exell., Monochoria vaginalis Presl., and 
Blyxa japonicaMaxim. appeared. 

At 60 DT, broadleaf weeds continued to dominate 
and some succulent weeds appeared: (e.g., Ludwigia 
adscendens Hara, Utricuiaria aurea Lour., Ottelia 
alismoides Pers., and Najas graminea Del). Thus, 
numbers of weed species increased through time. 

Waterdepth correlated negatively with both weed 
number (r= 0.30) and weed weight (r= 0.48). Thus 
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weed number and weight were greatest in the upper 
terrace positions in all locations. 

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

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

ESTABLISHING UPLAND CROPS FOLLOWING 
LOWLAND RICE IN SATURATED SOILS 
Vast areas of riceland in South and Southeast Asia 
remain fallow after rice is harvested. Saturated soil 
conditions limit the immediate establishment of 
upland crops, since conventional seeding methods 
can be practiced only on drained soils with adequate 
hearing capacity for tillage or seeding implements. 
Saturated soils limitoxygen exchange and are chemi
cally reduced, constraining seed germination and 
growth. When seeding is delayed until the soil has 
dried toan optimum moisture content, the soil strength 
of puddled riccfields greatly increases, limiting 
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A B 

1.9-cm-diameter 
solid bar 

Handle 

10 c1 

60. 

Lockpinor 
depthconcI/Holes 2cm apart 

Sol surface 

Rice 
stubble 

/ 

_ .. . .. ... .
 
' 5 ¢m ..'..'....................
 o 6 .8 t scm 

2. Plunger planter without (A) and with (B) point attachnic:it, and cross 
section ofsoil showing hole made with point attachment (B) in between 2rice 
rows or hills. IRRI. 1990 dry season (DS). 

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

Grain Total Emergence Plant count Soil moisture (%) 
Planting method yield dry matter (%) at harvest at ilantin9 at 

(t/ha) (t/ha) 10 DE, (no./10 m) ODWU (0-10 cm) 

1990 DS (Mar-May 1990) 
T1 Plunger 1.6 3.7 82.5 337 49.6
 
T2 Furrow-hand drill 0.5 1.4 23.5 66 34.8
 
T3 Conventional 0.8 2.3 23.5 82 33.5
 
,4 Furrow-plunger 1.3 2.8 89.0 260 33.5
 
T5 Slit seeder 0.6 1.6 67.0 188 34.1
 
T6 Inverted-T seeder 0.4 1.5 33.5 109 

F-value ** ** ** ** ** 
CV (%) 26.5 24.3 37.4 29.9 7.2 
SE 0.3 0.4 13.9 36.7 1.9 

1991 DS (Jan-Apr 1991) 
T1 Plunger 2.2 4.7 96.6 351 45.3
 
T2 Furrow-hand drill 1.8 5.1 95.2 360 43.9
 
T3 Conventional 1.5 5.0 95.2 345 43.6
 

F-value ns ns ns ns
 
CV (%) 12.8 7.1 4.5 6.4 7.2
 
SE 0.2 0.3 3.0 15.9 2.2
 

,Average 5-m row. bOven-dry weight. 

rated. The other seeding treatments were applied 4 d ments (82.5-89.0%) than with the other methods of 
later when the soil consistency and bearing capacity cropestablishment (23.5-67.0%) (Table 7). At sowing 
became adequate. time with the plunger planter, the presence of water 

Seedling emergence measured at 10 DE and ac- on saturated soil hastened germination and emer
tual plant count at harvest were consistently and gence. The lowest emergence occurred in the fur
significantly higher in the plunger-planted treat- row-hand drill and conventional tillage treatments at 
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lODE and at harvest, which indicates the importance 
of water availability for germination and emergence 
at the seed zone, especially during emergence. 

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

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

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

TILLAGE AND WEEDING LEVELS IN A RICE -
COWPEA CROP ROTATION 

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

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

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

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

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

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

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

Integrated nutrient management 

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

rice in arice - cowpea rotation., IRRI, 1990 WS. 

Tillage treatment 

Weading treatment Conventional' Conventional, Zero Mean 

Weed weight (g/rr) 8 WE 
2,4-D+2 HW 
2,4-D+ 1 HW 
2,4-D 
Unweeded 

11 
34 

130 
253 

9 
24 

164 
217 

16 
89 

172 
240 

12 
49 

155 
237 

a 
a 
b 
c 

Mean 107 a 103 a 129 a 

2,4-D + 2 HW 
2,4-D + 1 HW 
2,4-D 
Unweeded 

1.9 
1.7 
0.8 
0.3 

Rice yield (t/ha) 
1.8 
1.4 
0.8 
0.3 

1.5 
1.2 
0.4 
0.1 

1.7 a 
1.4 b 
0.7 c 
0.2 d 

Mean 1.2 a 1.1 a 0.8 a 

'In a column or row within aparameter, rieans followed by acommon letter are not significantly different 
at the 5%level by DMRT. WE =weeks after emergence, HW =hand weeding. 'The subsequent cowpea 
received conventional tillage. q'he subsequent cowpea had zero tillage. 

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

Tillage treatmentWeeding treatment 
in rice - cowpea CT - CT CT - T ZT - ZT Mean 

Weeds (no./rr) 1 WE 
2,4-D+2HW-2HW 113 193 153 a 
2,4-D + 1 HW- 1 HW 195 222 209 a 
2,4-D - 1HW 300 375 338 b 
Unweeded - unweeded 355 391 373 b 

Mean 241 a 295 a 

Weed weight (g/r 2) 5 WE 
2,4-D +2HW -2HW 3 a 1 a 2 a 2 a 
2,4-D + 1 HW - 1 HW 7 ab 17 b 16 ab 14 b 
2,4-D - 1 HW 18 bc 17 b 21 b 19 b 
Unweeded - unweeded 28 c 103 c 98 c 77 c 

Mean 14 a 35 b 34 b 

Cowpea yield (t/ha) 
2,4-D + 2HW-2 HW 0.75 0.95 1.09 0.93 a 
2,4-D + 1 HW - 1HW 0.55 0.90 0.78 0.74 b 
2,4-D - 1HW 0.38 0.98 0.98 0.78 b 
Unweeded - unweeded 0.51 0.83 0.74 0.69 b 

Mean 0.55 b 0.92 a 0.90 a 

'Inacolumn or row within aparameter, means followed by acommon letter are not significantly different 
at the 5%level by DMRT. CT =conventional tillage, ZT = zero tillage, HW = hand weeding, WE = weeks 
after emergence. 

wetting, and crop sequences influence soil fertility various rice soils is needed to manage the N input 
and nutrient availability for rice. more efficiently. The study assessed the Nminerali

zation potentials and effect of temperature on miner-
NITROGEN MINERALIZATION POTENTIALS OF alization, and developed models to predict the availa-

WETLAND SOILS bility of soil N to rice under lowland conditions. 

Soil N constitutes about 60% of the total N uptake of The experiment used 16 soil series, in four soil 

rice whereas fertilizer Nconstitutes only about 40%. orders: Vertisol (four soil series), Mollisol (two), 
Adeeper understanding ofthe release pattern of N in lnceptisol (four), and Entisol (three). Three soil 
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series were unclassified. Except for these three, all 
soil series have been used under the INSURF net-
work of IRRI. 

Incubation studies were conducted in the phytotron 
at25 and 30 'C.Wetsoilsamplesequivalenttoabout 
20 gof oven-dried soil were placed inside each test 
tube (25 x 195 mm). Deionized distilled water was 
added into each test tube and the test tubes were 
shaken and tapped manually to allow the soil par-
ticles to settle at the bottom. The test tubes were filled 
to capacity with deionized water and covered with 
screw caps. The setup was incubated in the phytotron. 
Samples were taken at 14-d intervals. At each sam-

NH4-N(mg/100 gsoil) 
25 

S--O-- 25'C 

20 

15 

11where: 

3 .EffectoftemperatureonmineralizationoforganicNinCasiguran 

0 I I I I 
0 14 28 42 56 70 84 98 112 

Days of incubation 

series. 

piing period, NH4 -N was extracted from the soil 
with 2N KCI solution and the exchangeable NH4 
was determined by steam distillation with MgO. The 
mineralization pattern of organic N for each soil was 
determined and compared with the pattern derived 
from predictive models. The mineralization parame
ters such as mineralization potential (NP), active N 
fraction (N1/N, , ), and mineralization rate constant 
(k) were estimated. 

Results showed that in flooded soils, much higher 
amounts of available NH 4+-N were released at 30 *C 
than at 25 'C. Figure 3 is atypical illustration of the 
influence of temperature on mineralization of or
ganic N in wetland soils. The N release pattern could 
be described by either the logistic or exponentialmodel. The logistic model is based on the following 
relationship: 

N 
N=
 

41 

T = time, days 
N = mineralized N, mg/100 g soil 
NP = mineralization potential, mg/100 g 
N0 = initial minerrdized N, mg/100 g
k = rate constant, per day 

Table 10. Mineralization parermeters for various wetland soils at 30 *C. 

Soil series 

Binangonan 
Maahas (IRRI) 
Calumpang
Casiguran 
Tupi
Bantog 
Luisita 
Luisiana 
Alimodian 
Pili 
Maahas 


(Victoria)
Maligaya 
Langa 
San Dionisio 
Santa Rita 
Tagulod 

Logistic model Exponential model 

N NP k Active N N k Active 
N N 

1.754 
3.951 
2.878 
6.143 
2.610 
0.929 
3.208 
6.824 
4.424 
4.884 
6.924 

6.693 
16.420 
11.195 
25.544 
6.356 
4.545 

10.428 
28.977 
10.228 
14.091 
16.468 

0.040 
0.011 
0.025 
0.031 
0.022 
0.032 
0.024 
0.007 
';317 
0.016 
0.018 

7.04 
9.28 
4.74 
9.12 
7.48 
3.39 

10.03 
16.94 
5.27 
7.42 
6.78 

1.491 
3.982 
2.840 
6.057 
2.576 
0.811 
3.162 
6.882 
4.383 
4.800 
6.833 

6.574 
14.887 
31.656 
39.687 
5.403 
7.318 

14.872 
17.576 
9.727 

24.772 
15.268 

0.014 
0.003 
0.002 
0.005 
0.008 
0.006 
0.005 
0.002 
0.005 
0.002 
0.006 

6.92 
8.41 

13.41 
14.-1 
6.36 
5.46 

14.30 
10.28 
5.01 

13.04 
6.28 

8.440 
7.050 
3.825 
3.507 
1.034 

17.074 
12.509 
9.004 
8.616 
3.830 

0.011 
0.020 
0.011 
0.117 
0.053 

9.38 
4.98 

10.00 
6.68 
4.40 

8.388 
6.989 
3.814 
3.456 
1.011 

13.930 
6.452 

15.587 
8.696 
3.196 

0.004 
0.011 
0.002 
0.005 
0.021 

7.65 
2.57 

17.32 
6.74 
3.67 
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The exponential model assumes the following ing. In rainfed lowlands, the transition from dry to 

form: flooded soil conditions occurs over a 45- to 60-d 
period. IRRI, the Nitrogen Fixation by Tropical 

N=N (1 - e-1) + N0 Agricultural Legumes Project, the University of 
Hawaii, and the International Fertilizer Develop

where T,N, N, N,,and k are the same as in the logistic ment Center (IFDC) are jointly conducting research 

model. Therefore, given N, N,, and k, the amount of In better understand N dynamics and N balance of the 

mineralized N at any time T can be predicted. Based rainfed lowland rice ecosystem and to identify soil 

on the experimental data on N release pattern for and crop management practices that minimize ni

each soil, mineralization parameters, e.g., N, Np,and trate loss.
 

k, can be estimated (Table 10). In general, the min- In an experiment at IRRI, three fallow treat

eralization rate constants (k) were higher in the ments-weedy, weed-free, and tilled under dry/wet
 

logistic model than in the exponential model. The cycle-were established at the start of the 1990 DS.
 

Casiguran series showed a consistently high N while During the subsequent dry-to-wet transition (DWT)
 

the Tagulod series gave a consistently low N. peri-d, sesbania and mungbean crops and weedy and
 

There was very close agreement (R2 = 0.98) weed-free fallows were imposed as subplots in the 

between observed and predicted values of mineral- DS main plots. After the harvest of mungbean pods, 

ized N in the Maahas (IRRI) series (Fig. 4). How- the soil was flooded and puddled, plant residues in

ever, two soils of the same soil order may have corporated, and rice transplanted. Soil nitrate accu

different mineralization parameters, depending on mulation and loss, soil and atmospheric N captured 

their physicochemical properties. For soils of similar in plants, and plant residue N effects on rice yield 

total N content, active N fraction could be a good were examined. 

indicator of potentially available soil N. Studies are Dependingonplant growth andtillage, 14to 108 kg 

being carried out to calibrate the obtained phytotron nitrate-N/ha (0- to 60-cm depth) was measured dur

incubation results with field data. ing a3-modry period ending in April (Fig. 5). Nitrate 
buildup was lowest in plots maintained weedy and 

EFFECTIVE USE OF NITROGEN INLOWLAND RlA'- highest when nitrification was promoted by tillage 

BAS-D CROPPING SYSTEMS 

Lowland rice soils typically undergo cycles of drying 
and flooding. On drying, organic N mineralizes to Rainfall (irf,) 
ammonium, which is rapidly converted to nitrate. 80 

60[The nitrate accumulates in soil and is prone to loss 

through denitrification and leaching during flood- 4020! , ,I,L. 

Soil N03-N,0-60 cm (kg/ha)NH4-N(mg/1 00 gsoil) 

10 
 120 

y - -yd-,,,100le 

- 0-- Obse r vedva l ues 

-- Predicted values Flooding

80 J- / and
 

6in 60Wj.... eed fre puddln
e 


16.4204641 YL 1 1 .241 '..17 Weedy)e-0.0107T Water application1 +( 3'-164204-1 40 

R 2. 0.98 
20 

2 
I II , I ,I II I I I I 

00 14 28 42 56 70 84 98 112 0 26 22 26 23 1327 

Days of incubation i-Feb--+---Mar----Apr - May---t-Jun --+-Jul-i 

4. Observed and predicted values of mineralized N in Maahas 5. Rainfall and nitratein the top 60-cm soillayerbeforerice. 1990 

(IRRI) series at 30 °C in the logistic model, experiment. 
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and water application in the tilled wet/dry plots. 
During the subsequent 2-mo DWT period, rains 
were frequent and most of the nitrate was loi.: unless 
it was assimilated by plants. On the averag,:, less than 
10 kg nitrate-N/ha was measured I v. k after soil 
flooding. Plants presuniably assimilated soil nitrate 
and thus rendered less nitrate to be lost during DWT 
(Table 11). 

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

Despite some nitrate loss, legumes contributed 
positively toNbalancebecauseofadditionalNinput 
from biological nitrogen fixation (BNF). Legume 
BNF, however, decreased with increased assimila-
tion of soil N; BNF-N in mungbean decreased from 
63 to 47 kg N/ha and in sesbania from 154 to 125 kg 
N/ha when the preceding DS fallow was tilled wet/ 
dry rather than weedy. 

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

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

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

Table 11. N dynamics during the dry-to-wet transition(DWT) period in a lowand rice-based cropping system. 
Management Soil nitrate (kg N/ha) (0-60 cm) Soil N Minimum BNF-N1 Change

captured nitrate in plant in NDS DWT Maximum 1wk after Difference in plant loss (kg N/ha) (kg N/ha)
during flooding (kg N/ha) (kg N/ha)DS or DWT (A) (B) (C) (A+B+C)

Weedy Sesbania 37b 9 -28 46 0 154 +172Mungbean 32 10 -22 33 0 63 +74Weeds 27 8 -19 34 0 0 +15Weed free 32 9 -23 0 23 0 -23 
Weed free Sesbania 73, 8 -65 59 6 154 +148Mungbean 73 8 -65 46 19 52 +33Weeds 73 7 -66 31 35 0 -35Weed free 73 9 -64 0 64 0 -64 
Tilled-wet/dry Sesbania 108, 8 --100 97 3 125 +122Mungbean 108 9 -99 66 33 47 +14Weeds 108 9 -99 
 35 64 0 -64
Weed free 108 10 -98 0 98 0 -98 
INfrom biological nitrogen fixation. 'Obtained on 23 May. 'Obtained on 26 April. Plots tilled before initiation of DWT treatments. 
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EFFECT OF CROP ESTABLISHMENT PRACTICE 

ON PHOSPHORUS AND NITROGEN 

FERTILIZER EFFICIENCY 

Rainfed lowland soil is normally aerated (aerobic) 
between rice crops and saturated or flooded (anaero-

bic) during much or all of the rice cropping period. 
Direct seeded rice crop can be established by either 

wet or dry seeding. In wet seeded rice (WSR), 
germinated rice seeds are broadcast onto puddled, 
saturated soil. In DSR, seeds are broadcast and 
incorporated in unsaturated, nonpuddled soil. 

Because of differences in aeration status of soil at 

the time of wet and dry seeding, the availability of 
soil P and hence the requirements for P and N 

fertilizer may differ between WSR and DSR. Iii 
collaboration with the IFDC, a 2-yr field experiment 
was conducted in Oton, Iloilo, Philippines, to deter-
mine the effects of crop establishment method on 
rice response to P and N fertilization, 

The experimental design was a randomized 
complete block with two crop establishment meth-
ods (WSR and DSR) in factorial combination with 
four fertilizer treatments (no applied Nor P, 15 kg P/ 

ha, 90 kg N/ha, and 15 kg P/ha plus 90 kg N/ha). The 
top 20cm of soil had air-dried pH (1:1 wt/vol water) 
6.4, 15 g organic C/kg, 1.1 g total N/kg, CEC 
57 cmol/kg, and 3 mg Bray P/kg. 

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

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

MANAGEMENT OF FERTILIZER POTASSIUM AND 

CROP RESIDUE WITH RICE AND SOYBEAN IN 

ROTATION 

Appropriate fertilizer management practices are 
essential for each crop in rotation in highly intensive 
and diversified systems of food production, espe-
cially when crops are grown on different soil mois-

Grain yield (t/ha) 
6 

* Without N and P ILSDo.o5
 
- M With N only
 
-, With Ponly
 

4 N With Nand P
 

2 

-

DSR WSR DSR WSR 
1990 1991 

6. Effect of rice establishment method and fertilizers on yield of 
rainfed lowland rice. Oton, Iloilo,Philippines. DSR = dry seeded 

rice, WSR = wet seeded rice. 

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

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

The soil of the experimental site has been classi
fied as fine mixed isohyperthermic Aeric Tropaqualf 
with pH 5.3 in the top 20 cm of soil, 0.358% organic 
C, 16 ppm available P (Bray 2), CEC 4.10 meq/ 
100 g, 0.07 meq exchangeable K/100 g, 2.74 meq Ca/ 
100 g, and 0.33 meq Mg/100 g, and 0.27 ppm 
available Zn. 

Fertilizer treatments foreach crop in the sequence 
are given in Table 12. All plots received N and P. 

Urea at the rate of 75 kg N/ha was applied in three 
splits for both rice crops and 25 kg N/ha for the 

soybean crop. Triple superphosphate at the rate of 13 
kg P/ha was applied to all crops. The full rate of K 
was 50 kg/ha for all crops. P and K were applied 

10 d after germination for the direct seeded rice and 

soybean and at planting for TPR. 
Grain and straw yields of the direct seeded rice 

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

Differences in grain yield among direct seeded 
rice treatments were significant, especially between 
crop residue returned and crop residue removed. The 
differences were more pronounced when K fertilizer 
was not applied. Even with a full rate of K applica-

K response was not very apparent probably 
because the roots of direct seeded rice were able to 
penetrate and exploit the soil before it was com
pletely and continuously saturated. Differences in 

straw yield among direct seeded rice treatments were 
not significant. 

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

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

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

Yield (t/ha)
Treatment' 

Direct seeded Transplanted
Direct seeded Transplanted Soybean
 

Grain Straw Grain Straw
 
1/2 K+ CRR No K + CRR 1/2 K + CRR 5.66 ab 7.70 2.28 abc 3.5 abc 
1/2 K No K 1/2 K 5.30 a-d 7.22 1.61 ef 2.4 cd
1/2 K +CRR 1/2 K +CRR No K+ CRR 5.4 a-d 7.13 2.44 ab 3.5 abc
 
1/2 K 1/2 K No K 
 5.04 bcd 5.81 2.03 bcd 2.7 bcd 
No K+ CRR 1/2 K+ CRR 1/2 K+ CRR 6.13 a 8.10 2.68 a 4.0 ab 
No K 1/2 K 1/2 K 4.61 cd 6.47 1.78 de 2.7 bcd
No K + CRR C+ CRR No K + CRR 5.34 a-d 6.35 2.66 a 3.6 abc 
No K K No K 4.36 d 6.21 1.99 cde 3.1 a-d 
K+ CRR K+CRR K + CRR 5.93 ab 7.35 2.61 a 4.3 a 
K K K 5.10 a-d 7.72 2.17 bcd 3.7 abc 
No K+ CRR NoK+CRR No K+ CRR 5.48 abc 6.11 2.10 bcd 2.7 bcd 
No K No K NoK 4.47 cd 5.80 1.36 f 1.9 d 

CV (%) 10.1 23.8 10.6 22.1 
LSD 0.01 1.2 ns 0.52 1.6 

0.05 0.9 ns 0.39 1.2 

°CRR =crop residue returned. Full dose of K is50 kg/ha. 
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Table 13. Effects of Kapplication and crop residue management on total K,N, and Zn uptake 

of transplanted IR64 in Jakenan, Central Java, Indonesia, 1990-91. 

Treatment 

Direct seeded Transplanted Soybean 

1/2 K + CRR No K + CRR 1/2 K + CRR 
1/2 K No K 1/2 K 
1/2 K + CRR 1/2 K + CRR No K + CRR 
1/2 K 1/2 K No K 
No K + CRR 1/2 K + CRR 1/2 K + CRR 
No K 1/2 K 1/2 K 
No K+CRR K+CRR No K+CRR 
No K K No K 
K+ CRR K+ CRR K + CRR 
K K K 
No K + CRR No K + CRR No K+ CRR 
No K No K No K 

Average 

CV (%) 
LSD 0.1 

0.5 

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

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

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

IFDC and IRRI collaborated in developing a 
methodology to predict the increased rice yield asso-
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Total uptake 

K (kg/ha) N (kg/ha) Zn (g/ha) 

48.8 bcd 56.0 ab 127.0 ab 
14.5 e 38.6 de 88.8 bc 
46.7 cd 58.2a 114.6 abc 
30.0 de 40.3 cde 78.7 c 
68.5 bc 56.9 ab 150.9 a 
26.3 de 41.2 cde 89.4 bc 
75.6 b 56.5 ab 114.9 abc 
49.5 bcd 50.5 a-d 118.8 abc 

101.6 a 56.5 ab 130.5 ab 
67.8 bc 52.5 abc 110.0 abc 
25.5 de 44.2 b-e 104.8 bc 
14.9 a 33.4 a 75.6 c 
47.5 48.7 108.7 

31.0 14.7 20.5 
33.9 16.5 51.2 
24.9 12.2 37.6 

ciated with use of urea modifications. The method
ology aimed to 1) estimate the potential economic 
benefits of using urea modifications that reduce N 
loss and enhance rice yield, and 2) identify combina
tions of crop response to N, N losses, and urea prices 
required to make the use of modified urea economi
cally effective. 

Because information is lacking on the urea-N that 
can be saved by modification and on the cost of 
modifying urea, the evaluation of potential eco
nomic benefits was conducted as a sensitivity analy
sis. Combinations of four quadratic response func
tions for urea (Yield = B3N - qN2), two prices of 
conventional urea-N ($0.30 and $0.43/kg), five lev
els of saving in applied urea-N as a result of modifi
cation (0, 10, 20, 30, and 40%), and two costs of 
modifying urea-N ($0.043 and $0.174/kg) were used 
in the analysis. The price of grain was held constant 
at $0.16/kg. The increment in farmers' profit with 
the use of modified urea was the difference in net 
benefit between modified urea and conventional 
urea when these fertilizers were used at rates that 
maximize profit. 

The increment in profit with modified urea con
sistently increased linearly with increasing saving of 
N by modified urea (Fig. 8). The increment in profit 
became more sensitive to saving of N as crop re
sponse to urea increased (i.e., B increased while q 
remained constant in the response functions for 



Increment inprofit (S/ha)40.
 

Y= 15N- 0.lN' Y= 30N-O.1N' 
20-


Cost of modifying urea-N
 
-20 Urea-N price ($/kg)
 

($/kg) 0,043 0.174
 
- 0.30 0 

0.43 • 

-40/
 

SY=45N- 0.!NI , -Y= 45N- 0.3N' 

-20 

4 10 20 30 40 0 10 20 30 40 

Applied N saved by modified urea (%) 

8. Increment in farmers' profit as affected by price of urea N, cost of modifying urea per kg N, and 
yield response to urea. Grain price = $0.16/kg. 

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

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

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

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

LONG-TERM FERTILITY EXPERIMENTS (LTFE) 
The LTFE in irrigated rice are conducted at four sites 
in the Philippines: IRRI, Los Bafios; the Philippine 
Rice Research Institute (PRRI) Central Experiment 
Station in Mufioz, Nueva Ecija; the Bicol Regional 
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9. Effectof increased priceof urea Nresulting from modification, 
on the applied N that nust be saved through modification of urea 
to make the profit from conventional urea equal that from modified 

urea. 

Integrated Agricultural Research Center (BRIARC) 
in Pili, Canarines Sur; and the Visayas Experiment 
Station (VES) in Jaro, Iloilo City. The IRRI experi-
ment began in 1964, with the 56th and 57th consecu-
tive rice crops harvested in the 1991 DS and WS, 
respectively. The 47th and 48th crops were har-
vested at the other sites except at the Visayan station, 
where the 1991 DS crop was aborted for lack of 
irrigation water. 

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

In the 1991 DS, whole plants in each fertilizer 
treatment were sampled from 12 hills at physiologi-
cal maturity and total NPK content was determined 
in grain and straw. Grain yields were measured from 
a 5-n2 harvest area within each plot. Straw yields 
were estimated by the measured harvest index from 
the 12-hill, whole plant sample after oven drying, 
and the grain yield obtained from the 5-m' harvest 
area. Rice stubble (cut 30 crii from the ground) that 
remained in the field after harvest was sampled from 
12 hills to determine the quantity and nutrient con-
tent of rice straw returned to soil. These measure-
ments allow estimation of the nutrient input/output 
balance. The same procedures were followed in WS 
at each site, but analyses are not yet available. 

Initial DS results indicate several consistent fea-
tures across locations: I) highest yields were achieved 
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in the full NPK treatments at each site; 2) grain yield, 
total uptake, and net removal of both N and P in 

control plots without fertilizer inputs were remarka
bly similar at all sites although the initial soil prop

erties differed, and remain different; 3) although 
yield levels at the three sites ranged from 5.4 to 7.0 
t/ha in treatments with complete NPK inputs, total N 

uptake in these treatments was comparable, ranging 
from 105 to 109 kg N/ha. 

These similarities suggest a homeostasis for therun-out levels of N and P supply under exhaustive 

farming without exogenous nutriert inputs, and 

equivalent plant N assimilation with complete NPK 

inputs when the same rate ofN isapplied each season 
at each location in the same manner (i.e., 2/3 basally 
incorporated and 1/3 broadcast at panicle initiation). 
At issue is whether similar N s;upply characteristics 
at these three sites represent a cummon process of 
evolution in soil properties that govern N release 
from organic matter and the efficiency of Nfertilizer 
utilization. 

Uptake of Pin treatments with both Nand P inputs 
differed across sites (Table !4), but all such regimes 
showedalargesurplusinnetPinputafteraccounting 
for P removal with harvest. The difference in P 
uptake may reflect differences in Psorption charac
teristics of the soils. 

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

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

In 1992 the activity aims to interpret changes in 
soil fertility and rice response to added nutrients in 
relation to the historical nutrient balance and the 

' i / 
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Table 14. Grain yield and NPK balances' in three long-term fertility experiments at IRRI, PhilippineRice Research Institute (PRRI), and Bicol Regional
Integrated Agricultural Research Center (BRIARC), 1991 DS. 

NPK treat- Nitrogen balance (kg/ha) Phosphorus balance (kg/ha) Potassium balance (kg/ha)ment (ele- Grain 
_mental yield Total Harvest Recycled Net Total 4arvest Recycled Net rotel H-vest Recycled Netbasis) (t/ha) uptake rern ovl in stubble --- upt3ke removal in stubble uptake removal in stubble (kg/ha) Input Output Input Output Input OutputW+ I-) W+ H- W+ H-


IRRI0-0-0 2.68 d 45 c 33 c 12 c 33 4.8 d 2.9 d 1.8 b 2.9 66 c 20 d 46 c 20140-0-0 4.82 c 85 b 63 b 22 b 77 9.3ab 7.3a 2.1 b 7.3 138 b 53abc 85 b 53140-13-0 5.65 ab 97 ab 69 b 28 a 11 10.6 a 6.6 ab 4.0 a 6.4 154 ab 58 abc 96 ab 58140-0-25 5.10 bc 91 b 59 b 32 a 31 6.4 cd 3.1 cd 3.3 a 3.1 153 ab 47 bc 106 . 22140-13-25 5.82 a 109 a 83 a 26 ab 57 8.7 a 5.0 bc 3.7 a 8.0 168 a 69 a 100 a 44 

PRRI0-0-0 2.89 c 43 c 32 c 11 d 32 4.5 b 2.9 c 1.6 b 2.9 53 d 20 c 33 c 20140-0-0 4.64 b 81 b 60 b 21 bc 80 5.6 b 4.3 b 1.3 b 4.3 76 c 33 b 43 bc 33140-26-0 6.70 a 108 a 78 a '0 a 62 14.0 a 8.0 a 6.0 a 18.0 105 b -2a 63 b 52140-0-50 4.21 b 73 b 53 c 20 c 87 5.5 b 4.3 b 1.1 b 4.3 85 c .0 b 55 b 20140-26-50 7.02 a 105 a 78 a 27 ab 62 14.2a 8.5 a 5.7 a 17.5 134 a 53 a 82 a 3 

BPARC0-0-0 3.11 c 52 c 38 b 14 b 38 4.5 c 2.8 b 1.7 b -2.8 77 c 27 b 50 b140-0-0 4-94 a 107 a 78 a 29 a 62 7.0 b 5.2 a 1.8 b -5.2 138 ab 422 96 a140-26-0 5.02 a 109 a 74 a 35 a 66 10.4 a 5.2 a 5.2 a 21.8 150 a 51 a 99 a 51140-0-50 4.37 b 94 ab 67 a 27a 73 5.7 bc 3.9 ab 1.8 b 3.9 124 b 32 ab 91 a 18o 140-26-50 5.39 a 109 a 72 a 37 a 68 10.3 a 4.8 a 5.5 a 21.2 160 a 37 a 123 a 13 
0For each site, means in acolumn that are followed by a common letter are not significantly different at the 5% level by DMRT. bAt IRRI, grain yield differed significantly
a) among the three cultivars.Treatment means represent those of the highest yielding cultivar.'Treatment means are means of the three test cultivars because grain yieldsCL did not differ significantly. 
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initial soil properties a' each site. This information is The percent N content of GM is directly related to 
needed to determine the Oegree to which balanced the anmount ofN recovered by rice (Fig. 11). Sesbania 
nutrient inputs contribute to the sustainability of needed a lower percent N concentration than azolla 
productivity in continuous irrigated rice systems. for the same N recovery by the rice crop. Average N 

recovery in urea-treated plots was 51%. The N 
LONG-TERM EFFECTS OF AZOLLA AND SESBANIA content needed for this recovery was 2.6% for azolla 
Interest in N-fixing GM is growing because of the and 1.5% for sesbania. This may be partly because 
increasing cost of inorganic fertilizers and concern the lignin content of GM is about 10% in 42- to 56
about long-tern soil fertility and productivity. The d-old sesbania and 18-30% in azolla. 
aprlication of GM to flooded soil is followed by a Effects of green manure on rice yields and soil 
ch&'in of microbiological activities that are not found fertility. Green manuring of nine rice crops resulted 
when inorganic fertilizer is used. This study aims to in average yield increases of 1.8-3.9 t/ha. This is 
determine how organic manure affects the lowland similar to or higher than increases achieved from 
rice-soil ,yste'n. This long-term biofertilizer experi- application of 60 kg N/ha as urea fertilizer. Plant N 
men ';tarted in 1985, measuring in every cropping uptake decreased with the numbe: of croppings 
the growth and N production of GM, and its effects without addition of fertilizer N, was maintained with 
on rice yields and soil fertility, urea and sesbania incorporation, and increased with 

Decomposition of aquiiatic green manure and azolla incorporation. Grain yield increase was pro
availability of its niti ,gen. Sesbania rostrata and portional to N applied. Grain yield in DS was higher 
Aeschynomene afraspera decomposed rapidly in (32 kg grain/kg of N) than that in WS (12 kg grain/ 
lowland rice soil during the first 10 d, after which kg of N). 
time wore than 50% of the leaves and 30-45% of the A comparison of soil analysis before the first rice 
stem-root stubble were decomposed (Fig. 10). The crop (March 1985) and after the seventh crop in the 
half-life of organic matter decay, with the amount of control plots (November 1988) does not show meas
undecomposed material at 10 d as the initial point, urable change in the N content. Continuous applica
was shorter (3-5 wk) for leaves than for stem and root tion of GM increased the percentage of organic N 
stubble (more than 3 mo). S. rostrata decomposed content, but not on an area basis because GM appli
more slowly than A. afraspera. Stem bark decom- cation decreasedbulkdensity. Afterseven ricecrops, 
posed first, so that after 2-3 wk only the woody GM addition did not affect pH, electrical conductiv
portion remained. Woody residue decomposed very 
slowly, and persisted in soil 1yr after incorporation. 

Percent Nrecovery by rice 
100 

Organic carbon (g/bag) 

2.0 0-0 Aeschynomene leaves 80 O0 
- -- 0• Aerchynomene stem 0 

and root stubble 0 % 
Sesbania leaves 60 

0) -0 Sesbania stem 
1.2 and root stubble X 

40

r : 0.89C 20-
S1a 0 Y 1.5+1.0 

20 0 Sesbania Y= 22.02 +21.53X0.4 0"-..... r = 0.70 

0 X Aeschynomene 

00 1.0 2.0 3.0 4.0 5.0 
06 20 40 60 80 '100 120
 

Days after inoculation Percent Ncontent of GM
 

10. Decomposition of Aeschynomene afraspera (in DS) and 11. Relationship between Nofazolla and sesbania and Nrecovery 
Sesbania rostr-ra (inWS) in lowland rie soil. IRRI, 1989. by rice. IRRI long-term experiment, 1985-90. 
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ity, organic C content (% and kg/ha), or exchange-
able cations. More P was available in the azolla plots 
because of water-soluble Paddition forazolla growth. 

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

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

MINERALIZATION OF GREEN MANURE NITROGEN 
AS INFLUENCED BY PLANT CHEMICAL 
COMPOSITION 

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

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

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

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

GREEN MANURE SEED PRODUCTION FOR SMALL 
FARMS 

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

Table 15. Correlation of plant chemical parametersand
decomposition of organic materials, expressed asnumber of days until 25 and 50% of the added N are 
mineralized. 

Parameter- Maahas cyloidb _ncsn 

25% 50% 25% 50% 
Moisture ) 0.27 0.26 0.51 0.14 
Nitrogen (%) 0.09 0.36 0.56 0.17 
C:N ratiob 0.07 0.45 0.68* 0.13 
C:N ratioc 0.93* 0.98** 0.86** 0.57 
Polyphenol (%) 0.55 0.56 0.02 0.31 
Lignin (%) 0.81** 0.58 0.02 0.19 
L:N ratio 0.83** 0.76** 0.69* 0.60* 
(P+L):N ratio 0.76* 0.84** 0.58 0.45 
L- lignin, P poyphenol. blncluding all 12 spp. rudied. 'Ex

cluding 5 spp. with more than 9% lignin. 
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12. N-release patterns of different green manure in two flooded soils. 

Table 16. Grain yields when Sesbania rostrata and Aeschynomene afraspera were inter
cropped for seed production with rice, IRRI and Ubon Rice Research Center (URRC), 1989 
WS. 

Treatment Rice yield (t/ha) 
GM yield (kg/ha)

Planting material GM popu- With With Aeschy
lation Sesbania Aeschynomene Sesbania nomene 

(plants/ha) 
IRRI URRC IRRI IRRI URRC IRRI 

GM 
Whole plant 5000 902 35 1117 1.8 1.6 2.9 
Whole plant 2500 801 16 678 2.6 1.8 3.1 
Whole plant 1250 1004 a 877 2.7 " 3.2 
Top cutting 5000 1435 14 814 2.2 1.8 2.8 
Top cutting 2500 828 7 596 2.8 1.7 3.4 
Top cutting 1250 758 0 388 3.0 a 3.6 
Basal cutting 5000 900 30 639 2.3 1.7 3.2 
Basal cutting 2500 607 15 426 3.0 1.7 3.1 
Basal cutting 1250 869 680 3.0 a 3.2 

Control (rice alone) 3.0 1.8 3.0 
Standard error 194 5 194 0.4 0.2 0.4 

'Not tested. 

Research at IR."I and at a key on-farm research than Sesbania, with an average seed yield of 857 kg/ 
site in Ubon Province, Northeast Thailand, was ha. To avoid significant competition with rice the 
conducted to address the issue of developing low- Sesbania population must be kept low (less than 
cost, farm. level seed production methods, and to I plant/2 m2 rice area). Sesbania seed yields below 
quantify the seed production potential of sesbania. this density averaged 811 kg/ha, regardless of the 
The use of whole seedlings and stem cuttings was type of planting. Sesbania grew less vigorously in 
evaluated for both Sesbania and Aeschynomene spp. the infertile soils of Northeast Thailand and gener
transplanted at a density of one plait per 2,4, or 8 m2 ally did not affect rice yield even at the higher 
of ricefield area (Table 16). Even at high densities, population (Table 16). Harvested seed yields of 
intercropped Aechynomene was less competiive Sesbania were about 30 kg/ha in the rice + Sesbania 
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intercrop, which is approximately the recommended 
GM seeding rate per hectare. 

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

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

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

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

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

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

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

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

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

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

Treatment GM GM yield (g/linear m) Rice yield (t/ha) 
plant

Planting material GM density Sesbania Aeschynomene With Sesbania With Aeschynomene 
canopy (no./ 

management linear m) 

GM 
Whole plant Clipped 1 57.5 84.5 2.3 2.9
 
Whole plant Clipped 3 220.2 122.5 2.3 
 3.1
Whole plant Unclipped 1 116.5 88.8 2.6 2.6
 
Whole plant Unclipped 3 137.2 159.2 
 2.1 2.4
 
basal cutting Clipped 1 117.2 81.5 
 2.8 2.5
 
Basal cutting Clipped 3 98.8 
 74.8 2.6 2.9
 
Basal cutting Unclipped 1 123.8 85.0 2.7 
 2.6
 
Basal cutting Unclipped 3 151.0 98.0 1.7 2.8
 

Control (rice alone) 2.7 2.8 
Standard error 25.0 0.5 
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Table 18. Grain yields when S. rostrata was grown for seed along bunds. URRC, Thailand. 
1989 WS. 

Treatment 

Sesbania Plant density 
planting material (no./linear m) 

Whole plant 2 
4 

Basal cuttin9 2 
4 

Seed 4 
Control (rice alone) 

Standard error 

legumes collection. The accessions were collected 
from Burundi, Gambia, Guinea, Kenya, Rwanda, 
Senegal, and Zaire, and were identified and charac- 
terized based on phenotype and nodulation pattern. 
IRRI houses probably the world's largest collection 
of aquatic legumes, including numerous ecotypes of 
41 species belonging to the genera Aeschynomene, 
Sesbania, and Neptunia. The collection comprises 
herbs, shrubs, and trees from 28 countries. Fifty-four 
of 87 screened accessions exhibit varying degrees of 
nodule formitionon aboveground plant parts. Screen-
ing to identify species and ecotypes that combine the 
traits of fast growth, high N2 fixation, and moderate 
sensitivity to photoperiod is in progress. Slow- and 
fast-release GM species may be differentiated by 
their chemical composition (lignin:N ratio). No pest 
ordisease damage has been observed insome strongly 
lignified or hairy species. A few accessions seem to 
perform satisfactorily on acid and saline soils. Col-
lection and characterization of aquatic legume 
germplasm will continue. 

Subprogram IhGermplasm

improvement 


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

Sosbania yield Rice yield 
(g/linear m) Ct/ha) 

10.0 2.0 
8.2 2.1 
2.7 2.2 
3.1 2.2 
0.8 2.1 

2.0 
0.2 0.2 

In 1991 DS and WS, populations of 156 F1, 100 
F, and 12,673 pedigree rows were evaluated. InI 
addi:ion, 450 breeding line entries were formed for 
the observational nurseies and 50 for the replicated 
yield trials. These advanced lines were grown in WS 
in drought-prone and medium-deep conditions. 

The materials previously selected for their supe
rioragronomicperformanceandtolerance forstresses 
(e.g., drought, submergencc) were screened and 
characterized for disease and insect resistance. Of 
10,357 breeding lines screened for bacterial blight 
(BB) biotype 1, 92% were resistant. Of 76 lines 
evaluated for BB biotype 2, 26 lines were resistant. 
Of6,713 lines screened, 50% were resistant to brown 
planthopper (BPH) biotype 1; of 621 entries, 30% 
were resistant to BPH biotype 2; and of 596 entries, 
31% i/ere resistant to BPH biotype 3. Of 6,766 lines 
screened for green leafhopper (GLH), 20% confer 
resistance. 

EVALUATION FOR ADAPTATION TO WATER DEFICIT 

ENVIRONMENTS 

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

The cultivars Salumpikit and IR442-2-58 were 

the resistant checks and IR20 was the susceptible 
check. Drought score was taken when soil moisture 
potential reached -1.0 MPa or when the susceptible 
check exhibited severe leaf rolling or leaf drying, on 
a scale of 1-9 (1= slightly rolled leaf, 9 - severely or 
tightly rolled leaf). The average drought scores were 
3.8 for Salumpikit and 4.,. for IR442-2-58. Under 
this severe water 3tress, about 200 lines (10%) were 
given a score of 4 or better (Table 19). 
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A comparative yield experiment was conducted nately, strong winds and rain during grain filling
in 1991 WS to observe the performance of the caused severe lodging of some lines. The IRRI site 
improved rainfed lowland lines in relatively favo- was rainfed throughout the growing season. Average
rable conditions in Tarlac and at IRRI in the Philip- grain yild of rice cultivars was about 2.0 t/ha higher
pines. The Tarlac site was loc'ited near thw bottom of ;n Ta.lac than at IRRI. The line IR33380-7-2-1-3, 
a field that accumulated water from the neighboring which significantly outyielded IR72 in Tarlac, ;a,,a
fields, so growth and yields were good. Unfortu- top yielder at both locations (Table 20). 

Table 19. Improved breeding lines that combine drought tolerance and resistance to diseases and insects., IRRI, 
1991 DS. 

BPH 
Designntion Parentage 

Drought scoreb 
61 BB biotype 1 

biotypes 
- GLH 

-1.0 MPa Recovery 1 2 3 
IR36974-1-3-3-3-3 
IR41431-68-1-2-3 

BIET927/IR42 
IR8234-OT-9-2/ 

4 
4 

1 
1 

-
4 

-
1 

1 
3 

3 
3 

1 
3 

-
3 

IR42221-2-2-3-1 
IR19661-131-1-2 
IR52/MTU7029// 3 1 7 1 3 3 9 5 

IR43040-PMI-B-4-1-2-1 
IR4215-301-2-2-6 
Leuang Yai 148/ 4 1 6 1 3 7 3 7 

IR46331-PMI-53-2-1-3 
IR9129-209-2-2-2-1 
LeuanI Yai 148/ 4 1 9 1 7 7 7 8 
IR18272-27-3-1// 

IR48088-PMI-8-1-1-4-1 
IR21231-117-2-2 
N3m Sagui 19/ 4 1 1 1 7 7 9 5 

IR48852-1-3-3-2 
IR49758-UBN-1-B-1-1 

BR319-1/i121848-65-3-2
PM) 121/1R25588-7-3-1 
Nam Sagui 19/ 

4 
3 

1 
1 

7 
1 

1 
1 

5 
5 

5 
3 

2 
4 

3 
4 

IR68 
Check variety
Salumpikit (resistant) 
IR442-2-58 (resistant) 
IR20 (susceptible) 

IR29385-2-2-3// 
IR24632-34-2 

4 

4 
5 
7 

1 

1 
1 
3 

25 3 5 3 

1BI=blast, BB =bacterial blight, BPH =brown planthopper, GLH = green leafhopper. The resistant checks generally score 3-4 at
-10 bar. 

Table 20. Grain yield and rank (in parentheses), agronomic characteristics, and reaction to disease and insects ofselected advanct d breeding lines evaluated in favorable rainfed lowland arees in the Philippines, 1991 WS.' 
Grain yield (t/ha) Maturity Height BB bio- BPHDesignation Parentage (d) (cm) type 1 - GLH 

IRRI Tarlac 1 2 3
 
IR33380-7-2-1-3 1R52/1R13240-39-3// 3.61 (3) 6.14(1) 133 116 1 2 2 2 3 

IR50

IR43449-SKN-522- IET1444/KDML 105// 3.39 (5) 5.50 (4) 142 112 1 3 3 3 5
3-1-3 IR19660-73-4-2-2 

IR55008-74-3-1-1 IR43491-1401-2-3/ 3.38 (7) 5.22 (7) 136 115 1 3 3 3 7 
IR41183-57-5-2-1

IR55008-33-3-2-1 lR43491-140-1-2-3/ 3.34 (8) 5.79(2) 138 118 1 3 5 3 6 
IR41183-57-5-2-1 

Check variety
IR?2 3.03(18) 5.59(3) 113 94 1 2 3 3 3IR68 2.87 (22) 4.27 (22) 126 120 2 2 3 4 3Mahsuri 2.23(39) 3.28(29) 137 139 5 8 9 9 8Average 3.12 5.11 

CV (%) 20.7 16.4
LSD (0.05) .789 .888 

'Values are means from 3 replications. 
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Promising elite lines that demonstrated outstand- U IR41431-68-1-2-3 has shown stability across lo
ing performance in low fertility, drought-prone cations in the Philippines. It is resistant to BI, BB, 
environments for several years are listed below, and tungro virus; confers resistance to BPH and 
" IR43450-SKN-506-2-2- I- 1, selected in Northeast GLH. It matures in 125 d, and has shown high 

Thailand, has grain characteristics (e.g., long seedling vigor in direct seeding trials. 
slender grain, nonglutinous endosperm, and aro- The elite cultivars listed below were evaluated in 
matic) similar to those of the popular Thai variety replicated yield trials in Northeast Thailand in 1991. 
KDML 105, is moderately resistant to blast (BI) They were consistently selectld by Thai and IRRI 
disease, and adapt' o soil fertility, breeders in four of six locations. 

* 	 1R43506-UBN-520-2- I- 1,selected in Ubon, has U IR57458-PM 1-2-B-I - la long slender grain cul
waxy endosperm, is photoperiod sensitive, 125 tivar with intermediate amylosc content, is resis
cm high, and resistant to BI and salinity. tant to BB, BPH biotypes I and 3, and GLH. 

* 	 IR43062-PMI-B-15-1-2-1, a glutinous cuitivar N IR57514-PMI-5-B-I-2 performed well in poor 
selected in Pimai.Thailand, is resistant to BI, BB, soils of Northeast Thailand, demonstrated high 
and BPH; is moderately resistant to GLH; and is tolerance level in submergence tests at IRRI, and 
photoperiod sensitive, has long slender grain with 23% amylose content. 

* 	 IR 19431-72-2 demonstrated outstanding per- a IR57519-PM I-5-B-2-2 showed tolerance in sub
forniance in the drought-prone Cagayan Province mergence trials at IRRI and is resistant to BIB and 
for several years. It is grown by farmers because BPH. 
its grain quality is similar to that of Wagwag, a 
popular variety in the region. Ithas a 135-d cycle. EVALUATION FOR ADAPTATION TO WATER 

which is shorter than that of the photoperiod- EXCESS ENVIRONMENTS 

sensitive Wagwag, and is resistant to BB, BPH, The yield potential of 25 breeding lines (Table 21) 
and GLH. with subniergence tolerance and other desirable traits 

" 	 IR29341-15-2-1-1 is resistant to BI, BB, and was evaluated under medium-deep conditions at 
GLI. It has performed well in Solana, Cagayan, IRRI in the 1991 WS. The adapted rainfed lowland 
and Rajshahi, Bangladesh. It matures in 130 d. varieties Mahsuri, Pankaj, and FR 13A and the high-

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

Grain BB bio- BPH 
Designatiol yield 

(t/ha) 
Rank Days to 

flowering 
Height 
(cm) 

Submergence 
score 

types 

1 2 

biotypes 

1 2 3 
GLH 

IR49830-7-1-2-2 3.7 2 104 119 4 1 7 1 3 3 3 
IR51164-17-'-2-2 2.7 11 118 118 3 2 7 3 5 7 7 
IR52586-9-6-5-2-3-B-3-2 2.4 21 100 91 1 1 7 5 7 7 3 
IR52533-52-2-1-2-1-B-2-3 2.3 25 102 97 1 7 7 3 7 7 3 
IR52586-70-3-2-3-3-B-1-1 2.2 29 95 94 1 1 7 3 5 7 3 
IR43559-25-5-3-2 2.2 31 104 107 3 2 7 3 5 3 3 
IR43470-7-3-5-1 2.1 33 90 103 - 2 5 3 3 3 3 
IR57453-19-3-3-2-3 2.0 35 110 133 3 1 6 7 9 9 3 
IR40931-33-1-3-2 2.0 37 90 108 1 1 5 5 9 7 3 
IR57478-2-3-2 1.6 43 95 132 2 1 6 7 9 7 3 
IR40931-26-3-3-5 1.3 47 100 124 4 1 7 3 7 3 3 
Check variety 
IR74 3.0 9 95 95 9 6 6 1 1 3 5 
Mahsuri 2.6 14 105 139 9 5 6 9 9 9 7 
IR48 2.4 20 107 126 8 1 4 3 5 7 7 
Pankaj 2.3 24 95 121 8 5 7 7 9 7 7 
IR68 1.7 43 95 120 9 2 6 1 3 5 3 
FR13A 1.2 48 102 155 6 5 7 7 9 9 9 

Mean 2.3 
CV (%) 25 
LSD (0.05) 812 
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yielding semidwarf cultivars IR48, IR68, and IR74 
were used as checks. 

Breeding lines with submergence tolerance can 
yield the same as or more than popular rainfed 
lowland varieties Mahsuri and Pankaj (Table 21). 
However, IR49830-7-1-2-2, which derived a sub-
mergence gene from FRI 3A, oatyielded all check 
varieties; possessed resistance to BB biotype 1, 
BPH, and GLH; and is about 25 cm shorter than 
FRI 3A. 

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

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

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

Designation Grain yield, (tha) 
WS DS Mean 

IR48120-49-5-3-2 5.9 4.2 5.0 
IR49830-7-1-2-2 5.7 4.0 4.9 
IR51089-65-1-1-3 5.5 3.7 4.6 
IR31238-474-3-P1 5.0 3.9 4.5 
IR47310-117-1-3-3 5.0 3.9 4.4 
IR37096-50-1-3-3 4.6 4.3 4.5 
IR51164-17-1-2-2 4.7 4.1 4.4 
IR33380-60-1-2-2 4.6 4.0 4.3 
IR49830-26-1-2-1 4.6 3.9 4.2 
IR42241-76-2-3-3 4.5 4.4 4.5 
IR19431-72-2 4.5 4.8 4.7 
IR43559-25-5-3-2 4.4 2.9 3.6 
IR42221-14-1-3-2-1 4.2 3.3 3.8 
IR43559-39-2-6-3 4.2 3.5 3.8 
IR41431-68-1-2-3 4.0 3.0 3.5 
IR41431-11-2-13-3 3.9 3.9 3.9 
1R46292-24-2-2-1-2 3.6 2.9 3.3 
iR43470-7-3-5-1 3.1 3.8 3.4 
IR40931-33-1-3-2 3.1 3.6 3.3 
IR40931-26-3-3-5 3.0 3.3 3.2 
Check variety
IR68 4.8 5.2 5.0 
Mahsuri 4.7 3.5 4.1 
!R48 4.7 3.7 4.2 
Pankaj 4.4 3.8 4.1 
IR74 4.1 3.9 4.0 
FR13A 1.2 - 1.2 

Mean 2.3 3.9 
LSD (0.05) 2.3 3.9 
CV %) 11.6 13.5 

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

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

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

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

IR28526-44-1 (B2025"C-MR- 100-2-2/BG90-2// 
IR48) and IR41431-68-1-2-3 (IR8234-OT-9-2/
1R 1966l- 131-l-2) were outstanding. The latter also 
pr well werectseeded. Th43att-5al
perfomed well when direct seeded. 1R43526-523
l- l-I, an improved photoperiod-sensitive line, per
formed well during 1989 and 1990 trials. 

Breeding lines selected from medium-deep con
ditions were also evaluated at the Solana site, in 
strata It and III. The area was submerged for 2 d after 

transplanting, but seedlings were undamaged. Sev
eral lines performed better than the check varieties 
(Table 24). IR41431-68-1-2-3, which yielded well 

in drought-prone areas for many years, produced the 
highest grain yield (4.0 t/ha) in this condition. In 
addition, IR49830-7-1-2-2-13-3-2, IR52533-52-2

1-2-1-B-2-3, and IR52586-9-6-5-3-B 3-2 are im
proved plant type breeding lines with submergence
tolerance; their productivity is superior to that of 

FRI 3A, the original parent. These selected lines will 
be evaluated in major flood-prone rice areas in 
eastern India and Bangladesh. 

NEXT STEPS 
In 1992, emphasis will shift to increasing breeding 

activities in the submergence-prone subecosystem.
Bree.ding materials for major rice areas that are prone 
to this problem will be evaluated and selected. The 

consortium site at Polba, India, will be a breeding 
center for screening and evaluation and for conduct
ing strategic research, with strong links with satellite 
stations in Patna, Raipur, Cuttac'-, and Masodha. 

Development of rice germplasm appropriate to dif-
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Table 23. Grain yield, flowering date, plant height, and reaction to disease and insects of 
breeding lines evaluated under drought-prone conditions in Solpina, Cagayan, Philippines, 
1991 WS., 

Grain Days Height BBb BPH, 
Designation yield to (cm) biotype biotypes GLH 

(t/ha) flowering 
1 2 1 2 3 

Mahsuri 3.7(1) 119 86 5 6 8 9 9 8 
IR28526-44-1 3.6 (2) 122 91 2 7 3 4 6 7 
IR41431-68-1-2-3 3.3 (3) 116 75 1 7 3 3 3 3 
IR46331-PMI-53-2-1-3 3.2 (4) 112 74 2 5 5 7 7 8 
IR48725-B-:-129-1 3.1 (5) 113 81 2 6 3 7 4 3 
IR43342-10-1-1-3-3 3.0 (6) 104 74 2 7 4 6 6 3 
IR43073-33-3-1-2 3.0 (7) 123 77 1 4 2 4 5 5 
IR43526-523-1-1-1 2.9 (8) 113 72 1 6 4 5 7 6 
IR50500-52-1-3-2 2.9 (9) 101 70 1 6 4 4 6 8 
IR49612-45-6-2-2 2.9 (10) 123 78 7 3 6 5 5 5 
Check variety 
IR68 2.1 (43) 95 58 1 6 2 3 3 3 
IR72 2.7(20) 109 75 2 6 2 3 4 3 

CV (%) 14.9 
LSD (0.06) 0.5 

'Values are means for 2 replications instratum I and 2 replications instratum II. 

Table 24. Grain yield, submergeance score, agronomic characteristics, and reaction to disease and insects of 
breeding lines evaluated under medium-deep water conditions, Solana, Cagayan, 1991 WS., 

Score 
Grain Days Plant 

Designation yield Rank to height Submergence BB BPH 
(tha) flowering (cm) biotype biotypes GLH 

1 
1 2 3 

IR41431-68-1-2-3 4.0 1 92 115 7 1 1 3 3 3 
IR48120-49-5-3-2 4.0 2 112 120 8 1 3 3 3 3 
IR52533-52-2-1-2-1-B-2-3 3.8 3 102 97 1 7 3 7 7 3 
IR41431-19-2-2-3 3.8 4 164 111 8 1 ? 3 3 3 
IR49755-5-1-1-73-3 3.8 5 113 7 1 3 3 3 3 
IR53506-B-2-1-1-2-2 3.8 6 107 - 5 1 3 7 3 3 

IR43015-90-2-1-1 3.7 8 114 131 9 1 3 3 3 3 
IR49612-45-6-2-2 3.7 10 115 130 6 1 3 6 5 5 
IR52586-9-6-5-2-3-B-3-2 3.7 11 100 91 1 1 5 7 7 3 
IR49830-7-1-2-2-13-3-2 3.7 12 104 119 4 1 1 3 3 3 
Ct. ?ck variety 
IR48 3.8 7 107 126 8 1 3 5 7 7 

Mahsuri 3.7 9 105 139 9 5 6 9 9 7 
Wagwag Ramsi 3.4 22 
Wagwag Faire 3.3 30 
FR13A 2.6 51 102 155 6 5 7 9 9 9 

Mean 3.3 
CV (%) 11.4 
LSD (0.05) 761 

'Values are means for 2 replications in stratum IIand 2 replications in stratum III. 
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ferent farming systems will be intensified. Restric-
lion fragment length polymorphism techniques will 
be employed le tag genes for submergence tolerance 
and additional gene(s) for photoperiod sensitivity. 
Anattempt will be made to incorporate ahigher level 
of BI resistance into the advanced breeding lines, as 
it is anticipated that better crop management may 
increase the disease inoculum of the susceptible 
varieties presently grown by fanners. 

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

Genetics, physiology, and screening
methods 

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

ROOT GROWTI AND DISTRIBUTION UNDER 
WATER DEFICIT CONDITIONS 

Survival and productivity of rice under water-lim-
ited conditions depend strongly on tile roots' ability 
to take up water from the soil. Two field experiments 
conducted during the ,991 DS assessed the growth 
and development of rainfed lowland rice roots in 
response to water deficit. 

Total root length (cm) 

30 IR20 IR33380-7-2 

-0 

20 

PEl
10E 
1-PD 

VP VP 
00 20 40 60 800 20 40 

Transplanted rice. An experiment was con
ducted in puddled, but fast-draining soil with depth 
to free water below I m, so that water deficit devel
oped quickly. The experiment design was a split plot 
with four replications. Main plot treatments were 
four water regimes: 1)well watered, flooded daily;
2 ) vegetative phase stress, nonirrigated from21 to49 
DT; 3 )panicledevelopmentstress, nonirrigatedfrom 
42 to 56 DT; and 4) panicle emergence stress, nonir
rigated from56to74 DT.Toimposesimilarseverity 
of stress for the different stress timings, stress peri
ods were stopped when the leaf rolling score of the 
most susceptible genotype reached 5 (lightly rolled). 
All plots were flooded daily except during their 
stress periods. Subplots were three genotypes: 
IR33380-7-2,a promising rainfed lowland breeding 
line 11R20; and Kinandang Patong, a drought-toler
ant upland cultivar. As these genotypes had slightly 
different rates of phenological development, stress 
periods did not occur at identical stages of develop
ment. 

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

- Well watered 
47- Vegetative phase 
-0- Panicle development 
-0- Panicle exserlion 

- . Kinandang Patong 

P0b 0000EP
PDC;P 

PD '~ 

VPID 
I60 80 0 20 40 60 80 

Days after transplanting 
13. Total root lengthof three genotypes in response to water deficit at different growth stages. Horizontal lines 
indicate stress periods. 
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Table 25. Total root length of 12 rice genotypes at the end of and 34 d after a 30-d water 

deficit under wet seeded lowland conditions. 

Genotype 56 DAS 

Continuously 
flooded 

IR20 21.0 
IR72 19.2 
IR191431-72-2 19.0 
IR43449-SKN-522-3-1-3 16.9 
Binato 16.5 
IR46331-PM-53-2-1-3 15.9 
IR13146-45-2-3 14.2 
IR47310-117-1-3-3 13.4 
IR43526-523-1-1-1 10.8 
IR46 10.0 
IR28626-33-3-25-2-3 9.0 
IR49612-45-6-2-2 7.8 

LSD (0.05) between 
water regimes 
genotypes 

2.0 
4.9 

development stresses, but TRL of all treatments 

tended to converge as plants neared harvest. 
In the well-watered treatment, IR33380-7-2 had 

the greatest TRL and Kinandang Patong the least 

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

ences between IR20 and 1R33380-)-2, but both had 

greater TRL than Kinandatag Patong. Yields had 
similar trends to TRL. That IR20, the drought-sus

ceptible check in upland screening, had greater TRL 
than Kinandang Patong, the drought-tolerant check 
in upland screening, demonstrates that root traits that 

confer adaptation to drought conditions differ greatly
for upland and rainfed lowland rice ecosystems. The 

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

In a puddled, slowly draining
Wet seeded rice. 

clay soil, germinated seeds were dibbled in 20- x 20-

cm hills with 3-4 seeds/hill. The experiment design 
a split plot with three replications. Main plotwas 

treatments were two water regimes: continuously 
flooded and water deficit. Water deficit plots were 
kept flooded except from 25 to 55 days after seeding 
(DAS) when irrigation was withheld. Subplot treat-

ments wcre 12 genotypes including I traditional and 
3 improved cultivars and 8 promising rainfed low-

land breeding lines (Table 25). 
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Total root length (cm) 

89 DAS 

Stressed Continuously Stressed 
25-55 DAS flooded 25-55 DAS 

7.9 30.0 21.6 
3.8 27.5 28.4 
7.2 23.8 22.9 
4.6 28.6 31.6 

10.0 31.3 34.4 
10.6 34.5 38.6 
12.1 17.6 35.8 
3.4 21.3 25.3 
6.9 28.4 36.6 

11.4 20.6 39.1 
6.6 21.2 29.8 
6.0 22.0 38.6 

3.0 
7.3 

Total root length (cm) 
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14.Total root lengthofcontinuously flooded anddrought-stressed 
rice, 1991 DS. Average of 12 varieties. 

For the average of all experimental genotypes, 
water deficit generally reduced TRL from 32 to 72 

DAS as compared with the continuously flooded 
treatment (Fig. 14). Thus, water deficit effects on 

TRL persisted about 15 d after ending the stress 

period. From 85 to 125 DAS, TRL was generally 
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15.Relative root distribution during drought stress (32 and 48 DAS) and I d after rewatering (56 DAS). 

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

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

WATER USE IN RESPONSE TO TIMING 

01: WATER DEFICIT 

Rice responses to water deficit differ with growth 

stage. Rice yields are most susceptible to reduction 
by water deficit during panicle emergence. To eluci- 
date stress effects on productivity, water use patterns 
of three rice genotypes-IR20. 1R46, and 1R72-
were measured under four water regimes: well wa-
tered, vegetative phase stress (16 to48 DAS), repro-

ductive phase stress (35 to55 DAS), and boot tocarly 
grain filling stress (70 to 86 DAS). Stresses were 
stopped when the first cultivar reached a leaf rolling 

score of 5 (tightly rolled leaves). 
Cumulative evapotranspiration (ET) deficit, the 

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

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

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

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

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

Grain Water use 
Cultivar Stress timing yield, efficiency 

(g/plant) (g/liter) 
IR20 Well watered 53.7 b 1.01 

Vegetative phase
Reproductive phase
Boot to grain filling 

42.7 
29.6
12.6 

cd 
f 
g 

0.87 
0.65
0.34 

IR46 Well watered 53.1 b 0.90 
Vcgetative phase
Reproductive phase
Boot to grain filling 

44.7 
35.2 
14.0 

c 
e 
g 

0.82 
0.68 
0.35 

IR72 Well watered . 62.2 a 0.98 
Vegetative phase
Reproductive phase
Boot to grain filling 

55.9 
40.2 
12.0 

b 
d 

g 

0.93 
0.69 
0.24 

'Means followed by the same letter are not significantly differ

entatP<O.O5byLSD. 
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16. Effect of water deficit at 3 growth stages on cumulative ET
 
deficit of 3 rice genotypes.
 

IR72 was the first cultivarto reach aleaf rolling score 
of5 in all stress timings and had greater ET deficit, 
yield loss was not greater than in the other cultivars. 

Water use efficiencies were similar for all culti
vars (Table 26), and values in well-watered treat
mnents were similar to the greatest values reported in 
other experiments. Ott the other hand, there were 
significant differences in the relationship between 
seasonal ET and grain yield for the three cultivars 
(Fig. 17). In all stress timings, IR72 had the greatest 
seasonal ETand IR20 the least. In addition, IR72 had 
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Grain yield (g/plant) 
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17. Relationship between seasonal E' aad grain yield of 3 rice 
genotypes. 

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

NEXT STEPS 
Root systems and drought-relate:'I physiological traits 
of improved rainfed lowland breeding lines that have 
consistently performed well in drought-prone envi
ronments will be characterized. Emphasis will be 
placed on the genetics and physiology of the im
proved lines for tolerance for submergence and stag
nant flooding. 
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Subprogram I:Sustainable land and 
resource management 

Factors determining productivity 

UPLAND RICE FARMER PRACTICES IN SUMATRA, 

INDONESIA 

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

The survey area was divided into two agroecosys-
tems. The first (Sitiung I and II) features level to 
gently rolling lands and permanent animal-drawn 
plow agriculture, with some areas being converted to 
lowland rice cultivation since completion of govern-
ment irrigation systems. The importance of UR is 
expected to decline in these areas as that of lowland 
rice, perennial and plantation crops, and legumes 
continues to increase. The second agroecosystem 
(Sitiung III, IV, and V) is characterized by sloping, 
forested, or recently forested land and by slash-and-
bum or hoe agriculture. 

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

In the second agroecosystem, lands are cleared 
initially by slash and bum and then dibble seeded. 
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After several croppings, fields are hoed after slash

ing and before seeding in response to increased weed 
infestation. Insome areas, farmers work in coopera

tive goups to clear land, seed, weed, and, some
times, harvest and thresh. 

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

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

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

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

Farmersreported moderateyieldsonnewlyopened 
lands, but low and declining yields over time. Mod
erite amounts of inorganic fertilizer are applied in 
some areas, but crops respond poorly to fertilizer. In 
the past, farmers applied lime when it was subsidized 
by the government, and some burned crop residues 
to improve soil fertility. Goals of suggested research 
include 1)obtaining a better understanding of farm
ers' crop and soil management practices; 2) devel
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Table 1. Ice crop input-output budget on plowed and slash-and-burn lands., Sklung, 

Sumatra, Indonesia. 

Item 

Labor Cd/ha) 
Slash, burn 
Plow 
Hoe 
Harrow 
Dibble 
Fertilize 
Weeding 
Spray 
Harvest, thresh 

Total labor 
Materials 

Seed ikg/ha) 
Farmybrd manure 

Ct/ha)
 
Fertilizqr


IU:'ea 
TSPb 

KCI 


Slash-and-burn land 

Plowed land Newer fields Older fields 

Mean Range Mean Range Mean Range 

13 8 20 32 18 - 45 15 
6 4 11 na na 

na 0 42 6 - 100 
7 2 14 na na 

15 8 20 19 15 -24 19 16- 20 
1 4 3 - 4 4 

64 30 100 38 12 - 60 39 28 - 60 
1 3 2 - 5 3 

32 23 40 39 29 - 60 40 24 - 66 
139 135 164 

45 30 70 48 40 - 80 35 30 - 40 
3 1.5 - 4 

53 20 100 37 8 - 150 30 10 - 100 
75 50 1C0 34 0 150 125 25 - 250 
60 50 100 0 8 0- 25 

tnseciicide 85%c 3-6 sprays 60% 1spray
Yield (tha) 1.3 0.8 - 2.4 1.0 0.3 - ,.7 -1.6 0.4 - 0.8 

Ina = not applicabe. TSP - triple superphosphate. 'Mean is percentage of farmers using insecticide; 
range isfrequency ot use. 

oping methods to assess yield potentials and input 
costs as functions of rainfall distribution, subsoil 
acidity, cultivar tolera,',ce for subsoil acidity, and 
farmers' practices; 3) develop cost-effective means 
of leaching lime materials downwards; and 4) do 
further research on organic matter management. 

Farmers reported that insect problems have in-
creased over time and identified rice bug as a major 
problem in all areas. Stink bugs, locusts, hoppers, 
and ants are also problems. Research needs to 1) 
develop low-cost insect control methods, 2) investi-
gate dry eason (DS) dormancy sites of the rice bug 
to determine off-season control methods, 3) estab-
lish economic thresholds for rice bugs, and 4) de-
velop rice cultivars that mature at the same time. 

Basic and applied research are required because 
farmers need problem-solving innovations to im-
prove their current conditions. Substantial on-farm 
interdisciplinary team research is essential. 

IMPROVING RAINWATER MANAGEMENT IN 
EASTERN INDIA 
The uplands in eastern India cover several million 
hectares and are contiguous in the Chotanagpur 

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

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

limatic factors. 
The possibility of on-farm rainwater collection 

and management was explored at Handio village in 
Hazaribagh. Villagers constructed 16 rainwater
holding structures (reservoirs and ponds) ranging in 
surface area from 1.75 ha in the uppermost topose-
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quence with large runoff catchment areas, to 0.25 ha 
in lower lands along the slope. During the summer 
months, family and exchange labor was used to 
construct the tanks. The catchment-to-storage ratio 
in terms of land surface area varied from 10:1 to 6:1. 
On average, each person moved 0.6 to 1.0 m3 of earth 
per day The volume of available water in these 
structures varied from 0.91 ha m to 1.69 ha m for 7 
to 10 mc (July-April). With government support, 
farmers also constructed 37 concrete wells. 

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

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

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

LOSSES FROM INSECT AND VERTEBRATE PESTS 

The UR agroecosystems can be classified into three 
successional types. The types represent degrees of 
land use, from forest to extensively tilled farmland. 
The kinds and intensities of insect and vertebrate 
pests differ with each agroecosystem. From analysis 
of pest saiopling and yield loss studies carried out 
across the range of successional types, a general 
picture of the succession process can be drawn. 

Pioneering slash-and-burn agriculture often in-

cludes patches of UR planted by dibbling. Forest-

dwelling animals lingering in thepatchesof standing 
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forest forage on the small pa!ches of UR and fre
quently cause crop failtre. Yield loss can be extreme 
(as in Sitiung, Sumatra) because for wild pigs, rats, 
squirrels, deer, birds, monkeys, elephants, and rhi
noceroses, rice is a highly preferred food. The rice 
bug can seek out patches of rice and is an impot[ant 
pest. 

Grassland often replaces the forest before human 
population pressure converts it all to farmland. 
When the forest is replaced, most forest-dwelling 
animals except rats and birds disappear. Pests adapted 
to the grasslands are often able to infest rice. They 
include 1)soil pests such as white grubs Leucopholis 
irrorata (Chevrolat), Holotrichia mindanaoana 
Brenske, andAnornalaspp.; 2) termites Macrotermes 
gilvits (Hagei); 3) root aphids Tetraneuranigriab
dominalis(Sasaki),Rhopalosiphumr!fiabdoninalis 
(Sasaki); 4) mole cricket Grv'llotalpa orientalis 
Burmeister; 5) seedling maggot Atherigona oryzae 
Malloch; 6) striped stem borer (SB) Chilo suppres
sali.s (WIk.), pink SB Sesamia inferens (Wlk.), and 
gold fringed SB Chilo auriciliusDudgeon; and 7) 
armywormsMythinmnaseparata(Wlk.),Spodoptera 
mauritiaacronyctoidesGuen6e; or 8) other defolia
iors (as in Claveria, Mindanao, Philippines). Losses 
are chronic aild range from 20 to 40%. 

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

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

iSN TECHNIQUE TO QUANTIFY BIOLOGICALLY 

FIXED NITROGEN CONTRIBUTION OF LEGUMINOUS 
TREES IN HEDGEROWS 

Leguminous trees such as Glihicidiasepium and 



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

In collaboration with the Commonwealth Scien-
tific and Industrial Research Organization (CSIRO), 
Canberra, and the University ofQueensland, Austra-
lia, we assessed the suitability of the natural 
abundance '5N (8"5N) dilution method to estimate N, 
fixation by G.sepium and to evaluate the N, fixation 
ability of C. sectabilis in hedgerow intercropping 
systems. This assay, when used with appropriate 
caution, may overcome some of the important con-
straints to the succe:,ful estimation of BNF in legu

minous trees. 
-ledgerow species were planted in double rows 

during the 1988 rainy season in Claveria, northern 
Mindanao. The seedlings were establ;,3hed along the 
contour line in rows spaced 50 cm apart on a25-cm
high contour bund. Each species was planted in a 
5-m-long hedgerow with 5 n between hedgerows. 
The trees were pruned to about 50 cm aboveground 
4 times a year. Plant subsamples were analyzed for 
total N by the micro-Kjeldahl method. The Vt5N 
analysis was made on adual collecting isotope ratio 
mass spectrometer (Model VG 903) and expressed 
as 8t-N with reference to air N,, where 

'-N = 1,000 (R,,,,- R,,N)/R-, N, 

R is the ratio mass 29/mass 28 = 'IN4N/ 4N,. The 
variation in plant extractable soil N and its 61IS was 
examined in Or*,za sativa grown for 7 wk on soil 
from the G. sepium and C. spectabilis hedgerow 
treatments from depths of 0-15, 15-30, 30-60, and 
60-100 cm. 

Figure 1shows 81'N of the total N of C.s7pecta-
bilis and G. sepium prunings front six samplings 
from January 1990 to July 1991. The mean and 
standard error of 8"N of the samplings were 6.00% 
+ 0.29 /, for C. spectabilisand 2.79% + 0.44 "/,,,for 
G. sepium. The overall trend; of V15N for the two 
species were similar. The 815N (t/ x,) contents of 
C. qpectabiliswere very similar to those of soil ex-
tractabe N (5.95% ±0.82V,) at different soil depths, 
suggesting that C. spectahilis did not fix N,. The 

8 15N 
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2.BNF (cNdfa) in different prunings of Gliricidia sepium 
hedgerow intercropping system. 

data indicate that this species may be suitable as a
 
non-N,-fixing reference. The biologically fixed N in
 
G. sepiun ranged from 30 to 60% of the total N, with
 
an average BNF percentage of 43% (Fig. 2).
 

The results show that C. spectabilis, acommonly 
grown non-nodulating leguminous tree, is not an N, 
fixer. Its consistently high N content is due to ex
traordinary efficiency in exploiting native soil N. N,
fixing trees such as G. scpiurn not only recycle soil N, 
but contribute a substantial proportion of their total 
N as biologically fixed N, enhancing the fertility of 
sloping acid upland soil for alley crops such as 
upland rice. 

SYNERGISTIC PRODUCTIVITY INTERACTIONS IN AN 
INTEGRATED CONTOUR IIEDGEROW SYSTEM 
Leguminous trees are widely used in alley fanning 
research, but farmer adoption is low because of the 
high labor investment required to prune tree hedge
rows. Multiple-purpose hedgerows, which both 
minimize soil erosion and provide cash incomes, 
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may overcome some ofthe problems ofmonoculture 
tree hedgerows. 

Arabica coffee was evaluated as a cash-generat-
ing hedgerow species in an on-farm experiment at 
Claveria. The trial investigated the interaction of 
coffee with the hedgerow as green leaf manure for 
soil amendment or with grass fodder for livestock, 
and their effects on cereal crops. 

Coffee was planted 2.5 m apart in the hedgerows 
and interplanted with either G. sepium or napier 
grass Pennisetuntpurpureunm, or a combination of 
both. Each coffee seedling was fertilized at planting 
with 200 g chicken manure and 53 g lime, except for 
two treatments that received no inputs. UR was 
planted in the alleys during early WS, followed by 
maize late in WS. The experiment consisted of seven 
treatments in a randomized complete block design in 
a farmer's field with a 20% slope. 

Hedgerows were pruned 7-10 d before planting 
rice. Prunings were applied to the alley and plowed 
under. Subsequent prunings 30 and 55 d after emer-
gence (DE) of rice were applied as surface mulch. 
The hedgerows were pruned immediately after sow-
ing of maize and at 35 DE, and prunings were 
applied as surface mulch. 

P. purpureum was pruned 3 mo after establish-
ment and once a month thereafter, with prunings 
removed. 

Upland rice IR30716-B-1-B-1-2 was seeded at 
100kg/haandmaizePioneerhybridat20kg/ha.Rice 

was drilled in rows 30 cm apart, and maize in rows 
60 cm apart. P was applied basally at 20 kg/ha to rice 
and 30 kg/ha to maize. 

Initial coffee growth was enhanced by G. sepium 
even though the trees were planted in close proxim
ity and at high density. Coffee yields were increased 
by the intercropped G. sepium, in the presence or 
absence of external nutrient inputs (Table 2), but 
yields were reduced when coffee was planted with 
napier, in the presence or absence of G. sepium. The 
dry herbage of napier ranged from 5.23 to 6.40 t/ha, 
which would support 3-4 cattle in a cut-and-cany 
system. 

G. sepium produced total dry matter pruning 
yields of 3.40 to 6.63 t/ha. Yields were reduced 45% 
in the presence ofnapier. Prunings contributed means 
of 88 kg N/ha, 6 kg P/ha, and 52 kg K/ha (Table 3). 
N yields exceeded 100 kg/ha when the G. sepium 
was not intercropped with napier. 

Both rice and maize responded well to green leaf 
manure (Table 2). Rice yields averaged 0.9 t/ha 
without G. sepiwn as a hedgerow component, but 
ranged from 1.7 to 2.4 t/ha when G sepium leaf 
biomass was applied (Table 2). A strong positive 
linear relationship (Y = 1.022 + 0.035X, R2 = 0.90) 
existed between the quantity of dry pruning biomass 
applied and rice yield, which averaged 0.4 t/ha per 
ton of biomass applied. 

Maize yields were also stimulated by G. sepium. 
They averaged 1.7 tha among treatments without 

Table 2. Agronomic data on hedgerow combinations., Ane-i, Claveria, Misamis Oriental, 
Philippines, 1990. 

Hedgerow
combinationb 

GS + PP 
C 
C+GS 
C+PP 
C+GS+PP 
Cwith no input 
C + GS with no input 

Mean 
CV (%) 
LSD (0.01) 

(0.05) 

P. purpureum Grain yield 
G.sepium

TDMY1 
(t/ha) 

dry
herbage

Wha) 
Coffee 
(kg!ha) 

Upland rice 
t/ha) 

Maize 
t/ha) 

3.7 b 5.4 1.9 ab 2.21 ab 
132 0.9 c 1.59 c 

6.4 a 155 2.1 ab 2.94 a 
6.4 7 0.8 c 1.58 c 

3.4 b 5.2 27 1.7 b 1.99 b 
13 0.9 c 2.01 b 

6.6 a 43 2.4 a 2.73 a 
5.0 5.7 63 1.5 2.15 

14.67 27.53 22.1 18.60 
2.2 5.9 0.8 1.00 
1.5 3.5 0.6 0.71 

'Means are for treatments with G.sepium and P.purpureum. The first pruning exciuding stems was 
incorporated as green manure; subsequent prunings were applied as mulch. Coffee received 200 g 
chicken manure and 53 g lime applied as basal and every 6 mo thereafter (except in the 2 treatments with 
no input). bGS = Gliricidia sepium; C = coffee, PP = Pennisetum purpureum. Total dry matter yield. 
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Table 3.Cumulative macro- and micronutrient yieldsof 
G. sepium in hedgerow combinations from atotal of 3 
successive prunings"during the first upland rice (UR) 
crop. Ane-i, Claveria, Misamis Oriental, Philippines, 
1990 wet season 	(WS).2.1.w,..n, S, 

Micronutrients 
Hedgerow (kg/ha) (kg/ha) 

0 

Macronutrients 

cobnto N P K Ca Mg Si 

GS + PP 70.6 4.5 41.2 4.9 47.1 9.4 
C + GS 104.6 6.6 61.0 7.3 69.8 13.9 
C+ GS + PP 64.4 4.1 37.5 4.5 42.9 8.6 
C + GS 113.4 7.2 66.2 7.9 75.6 15.1 

Mean 88.3 5.6 51.5 6.2 58.8 11.8 
CV (%) 17.0 17.1 17.0 17.1 17.0 17.0 
LSD (0.01) 45.5 2.9 26.6 3.2 30.4 6.1 

(0.05) 30.2 1.9 17.5 2.1 20.0 4.0 

,Average nutrient concentration in the prunings: 3.00% N, 
0.20% P,1.75% K,2.00% Ca, 0.21% Mg, 0.40% Si. 0GS = Gliricidia 
sepium, PP = Pennisetum purpureum, C =coffee. 

the legume, and 2.5 t/ha in treatments with G.sepiuni 
as a hedgerow component. G. sepiunl had a more 
modest effect on rice and maize yields when cor-

bined with napier, presumably due to lower green 
leaf manure production in these treatments and coin-
petition between napier and the annual crops. 

G. sepium intercropped in a coffee hedgerow 
stimulated both perennial and annual crops grown in 
the alleys. The napier was competitive with other 
hedgerow components and with the annual crops, 
but did provide fodder. The economic viability of 
such integrated hedgerow systems will depend on 
relative prices of the various commodities, 

FORAGE LEGUMES AS ON-FARM NITROGEN 
SOURCE FOR UPLAND RICE - MAIZE 
The soils in which UR is grown are usually acidic 
and low in inherent fertility. Where N seriously 
limits biomass and grain yield production, inclusion 
of legumes may increase N supply through symbi-
otic N fixation. 

We conducted a 4-yr study to evaluate the man-
agement requirements and effectiveness of indeter-
minate lablab Lablab purpureus and cowpea Vigna 
unguiculatain supporting the N requirement of UR 
and maize when inserted in the crop sequence. 
Management alternatives wore inlercropping, ielay-
cropping, and sequential cropping of legume and 
UK. The legume contributed N to the cereal crops 
mainly through incorporation at the end of DS, or 
between crops in WS. Slashing during the crop 

Grain yield (t/ha) 
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3. Cumulative grain and total dry matter (TDM) yields of uplandrice (UR) UPLRi-5 in cropping patterns with indeterminate forage 
legumes as asource of N for UR - maize (M) cropping sequence. 
IRRI, 1987-90. L = lablab, C=cowpea. Spacing for L is 160 cm 
in CP2. CP3; 180cm in CP5,6, 7.8: and 240cm inCP4, CP9. CP1= UR -M, CP2 =UR +L/1M, CP3 =UR +C/L/M, CP4 =UR + L/ 
M,CP5 = UR + L/M, CP6 = UR - M+ L. CP7 = UR - M+ L,CP8 

UR - L.CP9 = UR + L - M. 

growth period also contributed modest amounts 
of N. 

The experiment started with monoculture, inter
crop, and relay combinations of UR, cowpea, and 
lablab. After the rice harvest in 1986, !ablab was 
allowed to grow through the 5-mo DS each year. 

Rice was seeded at the rate of 70 kg/ha in rows 
20 cm apart. In the intercrop, lablab was spaced at 
160-cm row distance (7 rice rows in between), 180 
cm (8 rice rows), or 240 c,.i (11 rice rows). At the 
onset ofWS, about 2-3 wk before UR seeding, lablab 
was cut, chopped, and incorporated into the soil. In 
1987, cutting height was varied between 30 cm from 
the ground for the :hihd and fourth cropping pattern 
treatments (CP3 and CP4) or at 10 cm aboveground 
for CP5. In subsequent years the cutting height was 
standardized at 50 cm aboveground because low 
cutting heights resulted in poor vegetative regrowth. 
Excess vegetative growth of lablab was pruned and 
applied as mulch. 

In general, the average yields of UR were low 
across the years and cropping patterns (Fig. 3). Grain 

Upland rice ecosystem 89 

, -



yield differences among cropping patterns were grain yield variations among cropping patterns were 
significant (P<0.01) in all years. For total dry matter statistically significant. UR - maize (CP I) and UR 
(TDM), differences were significant except in 1988. maize + lablab (CP6 and CP7) consistently produced 
The highest cumulative grain and TDM yields came low grain and TDM yields. These treatments had 
from monocropped UR followed by lablab or by maize intercropped with lablab following an UR 
maize + lablab (CP6, CP7, and CP8). monocrop. Maize monocropped, relayed, or follow-

Grain yields of rice + lablab (CP2, CP3, CP4, and ing UR + lablab (CP2, CP5, and CP9) consistently 
CP5) were similar to the control pattern (CP1) with- produced high grain and TDM yields. 
out the legume; but dry matter yields in all these Two processes could be influencing maize grain 
treatments were substantially higher (Fig. 3). Al- and TDM yields: 1) yield is depressed when maize 
thoughthe intercropstimulated the vegetativegrowth follows UR or UR + lablab, regardless of lablab 
of rice, interspecies competition later in the growing spacing; and 2) yield increases when maize follows 
season overcame the beneficial effects on biomass, UR + lablab when lablab is at a relatively close row 
and caused a lower harvest index, spacing. 

Cumulative grain yields were lowest from CP4 TDM contributed by lablab ranged from 3 to 6 
and CP9, in which UR was intercropped with lablab t/ha per yr among the cropping patterns (Fig. 5). 
spaced at 240 cm followed by maize. Lablab bio- Across years the total N addition ranged from 80 
mass from CP4 was removed, simulating its use as to 211 kg/ha, which came mostly from the plowed
fodder. Removed biomass was applied to the crop in down green manure. Treatments with closest spac-
CP8, where the N addition did not offset the depres- ings of lablab rows in the intercrop (160 and 180cm) 
sive effect of competition and the rice did not benefit tended to have the highest cumulative N contribution 
from the lablab intercrop. (CP2 and CP5). 

Figure 4 presents grain and TDM yields of the DS Forage legumes integrated into UR-based crop
maize crop (IPB Vat 1) in the different cropping ping systems can supply N and organic matter to the 
patterns for 1988 to 1990. Except during 1988, maize cereal crops, resulting in increases in the yields of 

TDM (t/ha)
 
Grain yield (t/ha) n 1
 

14 V/: 1988
 
.~1988 20- M 1989 

* 1989 ... .. 1990 
... ...
10 1990 .19... . . ... 

.. .... ... 150::.: * : :: 
2T 10 

00 

TDM (t/ha) 
35 N addition %.g/ha) 

700
 
:::.:: : ... ::: . .
 i~ iii ... 5 0. 


. . . .... ... . .:.'
 

15 ::30 

0... 100 

CP1 CP2 cP3 cP4 CP5 cP6 CP7 CP8 cP90 
Cropping pattern CP1 CP2 CP3 CP4 CP5 CP6 CP7 CP8 CP9 

4. Cumulative grain and TDM yields of M IPB Var I incropping Copn atr
 
patterns with indeterminate forage legumes as a source of N for 5. Cumulative TDM and N additions from lablab in the different
 
UR - M cropping sequence, IRRI, 1988-90. For cropping patterns cropping patterns, IRRI, 1987-90. For cropping patterns legend,
 
legend, see Figure 3. see Figure 3.
 

90 IRRI program report for 1991 



rice and maize in sequence. Whether such a system 
is viable depends on opportunity costs of labor and 
the extent to which N is the dominant limiting factor. 

SOIL MANAGEMENT FOR AN UPLAND RICE-BASED 
SYSTEM IN WESTERN SUMATRA 
Acidity, low soil fertility, and erosion are major soil 
constraints in Sitiung. Similar conditions are exten 
sive in other parts of Indonesia and Southeast Asia. 
Oxisols and Ultisols are the predominant soils in the 
area. 

The project objectives are to identify factors that 
limit yields of UR and other food crops and to 
develop management strategies to overcome those 

factors and sustain reasonable yields. One set of 
trials conducted at the Sifiung research station ad-
dressesthesustainabilityofcroppingonnewlyopened 


forested areas. Another set of trials in farmers' fields 
in Sitiung IV addresses the problem of Imperata 
cylindricainfestation. On-station trials started in late 
1990, and trials in farmers' fields commenced in late 
1991. Both trials will be conducted for a minimum of 
5 yr. We will evaluate yields and changes in soil 
chemical, physical, and microbiological properties. 
This report presents results of three trials at the 
experiment station. 

Experiment 1. Soil and fertilizer management
of a newly opened, acid upland soil. Short-term ob-
jectives were to assess the contribution of NPK fer
tilizer and lime on yields of UR and other crops in 
rotation, and to identify factors that limit the effec-
tiveness of fertilizers. Longer term objectives were 
to 1)determine the role of fertilizer in combination 
with soil-conserving practices, 2) determine the role 
of hedgerows in maintaining productivity of acid 
upl-tnd soils, 3) identify soil indices of the productiv-
ity of acid upland soils, 4) determine the effects of 
cover crops and crop residue incorporation on soil 
fertility, 5) monitor changes in soil properties over 
the long term, and 6) monitoreffects of soil manage-
ment on weed populations. 

The trial was conducted in two lots, both having 
the same crop sequences and fertilizer treatments. 
Lot A had hedgerows of Flemingia and Lot B had 
1-m grassy strips between plots. Prunings from Flem-
ingia hedgerows were returned to the upper plots 
adjacent to the hedgerows. The initial soil analysis is 
given in Table 4. 

UR variety Danau Atas was dibbled on 30 Oct 
1990 at 3 seeds/hill, with 10 cm between hills and 

Table 4. Initial analysis of the surface soil' of lots A,B,
C, and D, Sitiung Experiment Station, Sumatra, Indo
nesia. 

Soil property, A B C D 
PH 0:1 H0) (wt/vol) 4.3 4.3 4.6 4.3 
Total N (%) 0.122 0.133 0.136 0.148 
Organic C %) 1.35 1.59 1.66 1.87 
Available P (ppm)

Bray 2 3.8 6.0 7.6 7.9Olsen 1.6 3.5 2.8 3.7 
CECb (meq/100 g) 6.64 6.87 7.13 7.89 
Exchangeable bases 

(meq/100 g)
K" 0.092 0.124 0.103 0.074 
Na* 0.039 0.059 0.055 0.049 
Ca" 0.4050.108 0.572 0.645 0.642Mg." 0.188 0.191 0.245 

Exchangeable Al 
(meq/100 g) 2.94 2.67 2.59 2.95 

ActiveActive Mn %)Fo (%) Belowdetection2.25 1.97 level1.83atO.003%2.01 
Available Zn (ppm) 0.42 0.43 0.43 0.54 
Soil texture Clay Clay Clay Clay 

loam loam 
'At 0-20 cm. ICEC =cation exchange capacity. 

Table 5. Grain yield of UR variety Danau Atas as 
influenced by fertilizer and lime. Sitiung, Indonesia, 
1990-91. 

Treatment, (NPK) 
Lot A Lot B 

0-0-0 0.8 b 1.0b
60-0-0 1.0 ab 1.0 b
 
60-26-0 0.9 b 
 1.3 b
 
60-26-50 1.0 ab 1.4 ab

60-26-50 + lime 1.2 a 1.7 aCV N 29 2 

'Nwas split-applied as urea, Pas TSP (45% P205), Kas muriate

of potash (60% K20), and lime as calcite (47% CaO) at 2 t/ha
applied at planting. 

30 cm between rows. After rice, soybean variety 
Willis was planted in half of the plots and maize 
variety C-I in the other half, both on 5 Apr 1991. 
Soybean and maize were sown in flurrows 30 and 60 
cm apart, respectively. 

Carbofuran was applied to UR 0dafter planting 
and every 20 d thereafter. It was applied at 40 kg/ha 
to soybean and maize at sowing to saifeguard against 
nematodes. Insect control was carried out as needed, 
using monocrotophos. 

Although UR was planted on newly opened land, 
grain yields in Lots A and B were generally low 
(Table 5). P and K did not increase the yield signifi-
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cantly, lime and NPK did. However, the yield in-
crease attained may not cover the cost of the inputs. 
Yields from Lot B were generally higher than from 
Lot A, probably due to differences in initial soil 
fertility, 

Fertilizer and lime significantly increased pan-
icles per hill and spikelets per panicle. However, the 
percentage of unfilled spikelets was relatively high 
(50%), did not vary among treatments, and could be 
a reason for the very low harvest index (HI): 0.11 for 
the control and averaging 0.17 among fertilized and 
treated plots. Brown spot Hehininthosporiumn was 
severe and could be a major factor in the low HI. 

Grain yields of soybean and maize grown after 

Table 6. Effect of fertilizerand lime on yields of soybean 
and maize grown after UR. Sitiung, Indonesia, 1991. 

Treatment, Yield 
NPK (t/ha) 

LotA 
0-0-0 0.49 c 
20-0-0 0.47 c 
20-26-0 1.01 b 
20-26-37 1.22 ab 
20-26-37 + lime 1.48 a 

Lot B 
0-0-0 0.86 bc 
20-0-0 0.48 c 
20-26-0 1.22 ab 
20-26-37 1.33 ab 
20-26-37 + lime 1.79 a 

CV (%)	Lot A 35 
Lot B 36 

nMaize 

Treatmentb 

LotA 

0-0-0 
80-0-0 
80-26-0 
80-26-60 
80-26-60 + lime 

Lot B 
0-0-0 
80-0-0 
80-26-0 
80-26-50 
80-26-50 + lime 

Yield 
(t/ha) 

1.36 b 
1.90 a 
2.08 a 
2.77 a 
2.75 a 

1.62 b 
1.68 b 
3.76 a 
3.24 ab 
4.13 a 

23 

38 


'Nas urea was applied at planting. bN as urea was split-applied 
(50% at planting). 

rice were higher in Lot B than in Lot A (Table 6). 
Application of N tended to decrease soybean yield, 
but had no effect on maize yield. Applying P in 
addition to N significantly increased yields of both 
soybean and maize. 

Partial budget analysis showed the UR - soybean 
rotation to be more sensitive to fertilizer than UR 
maize, primarily because of the large price differ
ence between soybean and maize. For both cropping 
sequences, economic benefit was greatest when NPK 
plus lime were applied. 

Experiment 2. Response of'crops in rotation to 
nutrients other than NPK in an acid soil. Objec
tives were to I) determine the effect of nutrients 
other than NPK on the yield of UR and crops in 

sequence with UR, and 2) compare a legume and a 
nonlegume in rotation with UR in terms of soil nutri

ent depletion as affected by root activity and crop 
residue incorporation. 

The initial soil analysis of the site (Lot C) is given 
in Table 4. The site is newly opened forest land with 

a uniform slope of about 15%. No cultivation was 
done prior to planting. Flemingiahedgerowvs were 
established 5 m apart along the contour. 

The experiment was laid out in a randomized 
complete blockesign with five fertilizertreatments, 

two cropping patterns, and four replications. The 

cropping patterns were UR - soybean and UR 
maize. 

Danau Atas was planted on 31 Oct 1990. Soybean 

variety Willis was planted at 2 seeds/hill in shallow 
furrows, with 10 cm between hills and 30 cm be
tween furrows. Maize C- Ihybrid was sown in shal
low furrows 60 cm apart with 25 cm between hills. 

Differences between UR mean grain yields (Table 

Table 7. Grain yields of UR, soybean, ani maize and selected yield components of UR. 
Sitiung, Indonesia, 1990 WS. 

Upland rice 
Soybean Maize 

Treatment Grain Panicles Spikelets
yield (no./hill) (no./ 
(t/ha) panicle) 

Control 
NPK 

NPK+Ca+Mg+S 
NPK+Ca+Mg+S+Zn 
NPK+Ca+Mg+S+Zn+8+Mo 

F-test 
CV (%) 

1.0 7.5 b 67.2 b 
1.2 8.7 a 93.0 a 
1.2 8.6 a 92.6 a 
1.3 8.6 a 86.9 a 
1.4 8.9 a 87.1 a 

ns 	 * 
34 	 11 10 


Unfilled Harvest 
spikelets index 
(%)
 

45 0.21 
55 0.19 
57 0.19 
57 0.24 
51 0.21 

ns 
19 


yield yield 
(t/ha) (t/ha)
 

0.7 b 2.1 c 
0.9 b 5.7 ab 
1.4 a 6.6 a 
1.4 a 4.4 b 
1.5 a 6.8 a 

** ** 
20 26
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7) were more apparent than real since the experimen-
tal error was large (CV = 34%). Yield tended to 
increase as micronutrients were applied. The num-
ber of panicles per hill and number of spikelets per 
panicle were low, with both parameters significantly 
lower in the unfertilized plots. Application of nutri-
ents other than NPK had no effect. 

The low grain yield of UR was associated with 
poor spikelet filling. Unfilled spikelets reached 57%. 
A 20% increase in filled spikelets could markedly 
increase UR productivity at Sitiung. The low spikelet 
number per panicle and the high percentage of un-
filled spikelets could be responsible for the low HI 
(about 0.20). 

Soybean yield was highest (1,500 kg/ha) when 
micronutrients Zn, B, and Mo were applied together 
with NPK + Ca + Mg + S (Table 7). Yield was not 
significantly different from that in the NPK + Ca + 
Mg + S treatment, suggesting that the micronutrients 
are not limiting. Applying NPK alone gave higher 
yields, but not significantly more than that from the 
unfertilized plot. This suggests that Ca, Mg, and 
probably S may be limiting, as is evident from the 
site soil analysis. 

Nutrients other than NPK had less effect on maize 
than on soybean. Although maize yield increased 
with addition of Ca, Mg, and S to NPK, the increase 
was not significant. The addition of Zn to NPK + Ca 
+ Mg + S significantly reduced yield. The effect of 
Zn was masked when B and Mo were added. 

Experiment 3. Response of crops in rotation to 
P and lime. The objectives of this experiment were 
to 1) determine the response to P of UR and other 
crops in rotation, 2) determine the effect of lime and 

organic matter incorporation on P uptake by UR and 
othercropsinrotation,and3)monitorchangesinsoil 
fertility and soil physical properties. The experiment 
was conducted on a newly opened, sloping (15%) 
forested area. Hedgerows of Flemingiawere planted 
along the contour. The initial soil analysis for Lot D 
is given in Table 4. 

The two cropping patterns evaluated were UR 
soybean and UR - maize. All plots received N and K 
fertilizers. The fertilizer treatments consisted of P 
and lime application. They differed in terms of 
whether P, with or without lime, was applied to UR 
or to the subsequent crops of soybean or maize. 

Danau Atas was dibbled at 10 cm between hills 
and 30 cm between rows in November 1990. After 
the UR harvest in March, shallow furrows were 
made between the rows. Half the plots were planted 
to soybean Willis and half to maize hybrid C-I. 

Despite the high CV, results indicate the influ
ence of P and lime on yields of the crops in rotation 
(Table 8). P and lime with NK produced the highest 
UR grain yield, followed by NPK alone and no lime. 
Trends were similar for soybean and maize, except 
that soybean appeared to benefit from P and lime 
applied to UR. Maize yield was highest when both P 
and lime were applied. Maize also benefited from the 
P and lime applied to UR (Table 8). 

Lime and P application on rice significantly in
creased spikelet number compared with the other 
treatments. However, because the percentage of 
unfilled spikelets was also high, the HI was low. The 
P and K uptake in UR straw was highest when P and 
P + lime were applied. Ca and Mg uptake in rice 
straw was highest when P and lime were applied. 

Table 8. Grain yield of UR, soybean, and maize as influenced by Pand lime application. 

Upland rice Soybean Maize 
Treatment 1' yield Treatment 2b yield Treatment 3c yield

(t/ha) (t/ha) (t/ha) 

60-0-60 1.2 20-0-30 0.50 80-0-60 3.73
60-60-60 1.3 20-0-30 0.81 80-0-60 4.83 
60-0-60 1.2 20-45-30 1.04 80-60-60 5.02
60-0-60 1.0 20-45-30 + lime 1.10 80-60-60 + lime 7.00 
60-60-6C + lime 1.5 20-0-30 1.65 1 80-0-60 5.77 

F-test ns ** * 
CV (%! 34 48 23 

INwas applied as urea at 20 kg N/ha at planting and 40 kg N/ha at panicle initiation; lime was applied as
calcite at 2t/ha. ns =not significant. bN was applied as urea at planting; lime was applied as calcite at 2
t/ha. INwas applied as urea at 40 kg N/ha at planting and 40 kg/ha when plants were waist high; lime was
applied as calcite at 2 t/ha. 

Upland rice ecosystem 93 

/ / ' 



Results suggest that application of P and lime on 
rice benefited not only UR, but also the soybean crop 
that followed. Maize following UR did not benefit as 
much as the soybean from the Pand lime applied on 
the preceding crop of rice. This suggests that to 
realize a greater yield of maize following UR, P and 
lime have to be applied to maize. 

Subprogram I1: Germplasm 
improvement and crop management 

UR ecosystems are characterized by strongly acidic 
soils, highly competitive weeds, periodic drought, 
and BI infestation. The subprogram focuses on find-
ing new cultivars and methodologies that will pro-
vide higher yields and yield stability under these 
conditions, 

UR ecosystems have a wide range (trom about 3.5 
to higher than 8), but soils with pH lower than 4.5 
predominate. The research primarily uses upland 
japonicas that are well adapted to acidic soils. 

Weed control is a major problem in the uplands. 
Weeding drastically improves yields, but weeding 
cost is often prohibitive for cash-poor farmers. Thus, 
we are investigating low-cost, efficient methodolo-
gies, and developing cultivars that compete success-
fully with weeds, 

Durable resistance to BI is needed in UR, where 
chemicals cannot be used to combat BI. Biotech-
nologies can provide a better understanding of the 
complex mechanism involved in durable resistance. 

Breeding 

UPLAND RICE FOR STRONGLY ACIDIC SOILS 
The traditional upland cultivars grown by farmers on 
adverse upland soils show good yield stability but 
low yield potential, and only moderate levels of 
disease resistance. An upland breeding program 
initiated in 1983 aimed to produce donors with 
improved yields under low to moderate inputs; in-
crease disease resistance to blast (BI) and brown 
spot; and provide good adaptation to adverse soils, 
high tolerance for drought, and stable yields over 
years and sites. 

From 1985 to 1991, 47 trials were conducted at 
sites with strongly acidic soils-Cavinti, Laguna, 
and Matalom, Leyte, Philippines; and at Sitiung, 
West Sumatra, Indonesia-in collaboration with the 
national rice improvement programs of the Philip-
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pines and Indonesia. Tile trials had very low to 
moderate fertilization, good weed control, and land 
preparation practices by local farmers. 

The most promising progenies from crosses made 
in 1983 were evaluated in 42 trials. Their yields were 
compared with the trials' yield average, with the 
yield of tile traditional check Azucena, and with the 
yield of improved check UPLRi-5. The average 

yield was 1.09 t/ha, with a maximum yield avec'age 

of 3.37 t/ha and a maximum recorded yield of 
5.35 t/ha. The average yields of the check cultivars 
were 9.3-22.3% lower than the yield average ;or the 
trials. The most promising progenies yielded 26
40% more than the checks. The most productive and 
consistent improved line was IR47686-12-5-B-1. 

Results from 30 trials with advanced progenies 
derived from the 1084-89 crosses gave an average 
yield of 1.01 t/ha. Average maximum was 2.64 t/ha, 
and maximum recorded yield was 4.57 tlha. Entries 
IR53234-27-4 and IR55442-10 showed the greatest 
yield advantage. IR55419-04 and IR57893-60 also 
performed well, yielding 250-290% more than the 
local check Azucena. 

In 12 trials with early progenies from the 1988-89 
crosses, impressive entries include IR63370-:34 and 
1R63372-09, which yielded 200% more than Azuccna 
and 160% more than UPLRi-5. 

From the performance of lines in the trials, some 
useful parents were identified. They include UPLRi
5 (group I = indica), Institut de Recherches 
Agronomiques Tropicales et des Cultures Vivrieres 
(IRAT) lines (group 6 = japonica, especially 

IRATIO4 and IRAT216), some CT lines from the 
Centro ;'itemacional de Agricultura Tropical, and 
some CNA lines from Centro Nacional de Pesquisa-
Arroz, Feijao, Goiania, Brazil. 

The expected yields of plomising lines under 
strongly acidic soils and low to moderate inputs are 
shown in Table 9. Although UPLRi-5 is expected to 
yield more than Azucena under these conditions, it 
actually has low yield stability because it is suscep
tible to B. The improved lines show both higher 
yield and greater stability. They have reduced dura
tion, shorter stature, and higher tiller number. 

COLLABORATION WITH NATIONAL RESEARCH 

SERVICES FOR UPLAND RICE IMPROVEMENT 

Breeding for UR has also involved germplasm ex
change and collaborative testing with many national 
programs. 

/
 



Table 9. Expected yields of IRAT/IRRI progenies with 
moderate and low fertilization in strongly acidic soils(pH <c4.5). 

Expected yield (t/ha) 

Moderate 

Chocks 

Azucena 1.00 
UPLRi-5 1.60 

Progenies 
IR47684-05-1-B 1.76 
1R47686-01-1-B 1.80 
IR47686-01-4-B 1.69 

IR47686-06-02-2-1 1.69 

IR47686-06-04-1-1 1.63 

1R47686-09-1--1 2.55 

IR47686-09-4-1 2.43 

IR47686-12-5-B-1 1.88 
IR47686-18-7-8 1.49 
IR47686-19-1-1 (B) 1.58 
IR47686-31-1-1 2.32 
IR47691-27-7-2-2 1.64 
IR53234-27-4 2.83 
IR53236-275-1 1.80 
IR53236-280 1.72 
IR53236-342 1.76 
IR53236-064 1.62 
IR55411-50 1.48 
IR55419-04 3.80 
IR55433-21 2.16 
IR55442-10 2.11 
IR55521-75 1.49 
IR55537-32-A 1.73
IR57893-60 3.40 
IR60080-41 1.94 
IR60080-46A-Straw 2.37 
IR60080-46B-Gold 2.19 
IR62751-06 3.60 
IR62751-45 4.42 
IR62760-07 3.24 
IR62761-25 4.42 
IR62761-37 3.61 
IR62761-38 3.43 
1R62761-41 3.08 
1R63370-01 3.13 
IR63370-54 3.75 
IR63371-38, 4.58 
IR63372-07 4.36 
IR63372-09 3.92 
IR63372-15 3.63 
IR63372-25 4.37 
IR63372-26 3.93 
IR63374-03 3.83 
1R63381-165 3.41IR63381-174 4.78 

Low 

1.11 
1.00 

1.7', 
1.8; 

1.53 
1.45 
2.47 

1.37 
1.61 
1.91 
1.65 
1.95 
1.81 
1.66 
3.03 

2.48 
1.50 
1.97 
1.99 
1.66 
1.36 
1.83 
2.03 
1.69 
1.26 
1.43 
2.18 
2.30 
2.82 
2.89 

3.32 
2.86 
3.18 
2.58 
2.97 
2.87 

2.83 
3.45 


2.70 
3.18 
3.65 
2.64 

3.30 
2.89 
2.82 
2.50 
3.38 

Bihar, India. 1R55419, 1R57920 (AC25-2), and 
IR57919 (AC1-6) were top1R71 AI6 eetpyielders ininascreeninga 
activity for drought resistance conducted by the 
Upland Rice Consortium. They provided 214, 54, 

and 44% more yield, respectively, than the local 
check Brown Gora, a widely grown traditional UR.

Saudi Arabia. With its extremely dry climate,
Saudi Arabia is suitable for screening for adaptation
under limited irrigation in sandy soils. IR4686-06

02-2-1 was the top yielder among 20 entries. The 
yield achieved (1.8 t/ha) will be the base for further 
improved crop management studies. 

China. An estimated 500,000 ha of UR is 
cultivated in southern China at elevations ol"300
1,200 m. Environmental conditions and cultivation 
practices are similar to those prevailing in northern 
LaoPeople's Democratic Republic, Myanmar, Thai

land, and Vietnam. Soil pH is not very acidic (5.0
6.5) and the chemical properties are not very ad
verse, but soils are deficient in most major elements, 
especially P, as well as in minor elements. BI 
incidence is not very serious, but brown spot and 
sheath diseases occur frequently. 

In collaboiation with the Changsha Institute of 
Agricultural Modernization at the Chinese Acad
emy of Sciences in Hunan, 160 upland entries were 
tested at 2 sites for 4 yr. The 20 outstanding entries 
are given in Table 10. IR47686-06-02-2-1 was one 
of the most outstanding entries, because of its drought
tolerance and brown spot resistance. 

In Hunan, false smut is common and IRAT] 04 is 
particularly susceptible to it. 

Among the new progenies tested in 1990,
IR55419-04, IR55419-32, IR55423-01, IR55423
15, and IR55425-09 were the most promising.
 

Weed management 

UR is particularly susceptible to competition from 
weeds, which limit yields and frequently negate the 
advantages ofgood cultivars. Thus, good weed con
trolmay be the best way to improve UR crop yields.
 

ROTTBOELLIA COCHINCHINENSIS CONTROL 
Weeds are frequently regarded as the greatest yield
limiting constraint on UR. Season-long competition
from grasses taller than the crop canopy may result 
in complete yield loss. 

An experiment conducted in Claveria tested theefficacy of different herbicides in controlling 
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Table 16.Highest yielding lines, in South China, 1988-90. 

1987 1988 1989 1990 
Entr-

Changsha Tao yuan Tao yuan Tao yuan Changsha Tao yuan 

CNA4123 x x x 
CNA4130 x x x X
 

CNA4136 x x
 
IAC118/81 x x
 

IRAT177 x xx X 
IRAT104 x x x X X 

IRAT140 x x x xx
 
IRAT013 x x x
 

IRAT112 x x
 
XIRATI15 X 

Y xx 
ITA186 x x xx 

ITA235 x xx X 

ITA130 x 

x 	 xxIR47686-04-5-B-1 x x 


IR47686-06-02-2-1 x x x xx x
 
x 	 x x xxIR47686-06-04-4-1 


IR47686-11-2-3-1 
 x x x x x
 
IR47686-18-7-B x x x x
 

IR47690-39-2-B x x x
 
IR47701-06-13-3 x xx x
 

Ix= outstanding, xx = very outstanding. 

Table 11. Effect of weed control treatments on grain yield of UR IR30716-B-1-B-1-2 and 
weed weight. Ane-i, Claveria, Misam-s Oriental, Philippines, 1991 WS. 

Weed weight (g/m2) 	 Grain 
yieldTreatment, 

27 DE 45 DE 	 (t/ha) 

Pendirnethalin (1.0) + HW, PE + 28 DE 20.8 bcd 8.1 a 3.7 a 
Pendimethalin (1.0) + propanil (3.0), 14.9 bc 12.9 ab 3.7 a 

PE + 28 DE 
HW, 14, 28 + 45 DE 6.8 ab 6.0 a 3.3,3b 
HW, 14 +28 DE 6.4 ab 8.6 a 3.1 abc 
IRC + HW, 14 + 28 DE 15.3 bc 22.7 b 3.1 abc 
Propanil (3.0) 4 HW, 14 + 28 DE 28.6 cde 11.2 ab 2.9 abc 
Fenoxaprop-ethyl (0.045) + HW, 26 + 35 DE 55.2 ef 12.2 ab 2.3 bcd 
HW, 14 DE 3.4 a 24.5 b 2.1 cd 
Pendimethalin (1.0) + fenoxaprop-ethyl 12.3 bc 79.8 cd 1.3 de 

(0.045), PE + 26 DE 
ePropanil (3.0), 14 DE 	 43.8 def 157.4 de 1.0 

IRC, 25 + 40 DE (FP) 79.7 f 269.5 e 0.8 e 
Pendimethalin (1.0), PE 18.2 bc 54.5 c 0.8 e 
Fenoxaprop-ethyl (0.045), 26 DE 51.9 ef 186.0 de 0.4 e 
No weeding 94.8 f 305.8 e 0.3 e 

,HW= hand weeding, PE = preemergence, DE = days after emergence, IRC = interrow cultivation, FP = 

farmer's practice. Herbicide rate indicated in parentheses are in kg ai/ha. 

Rottboellia cochinchinensis, the predominant grass with a 2-wk interval between plowing and harrowing 

weed. The experiment was in a randomized corn- and a I -wk interval between hartowings. Furrows 30 

plete block design with four replications. Land prepa- cm apart were opened using a wooden-toothed fur

ration consisted of one plowing and two harrowings rower. Seeds of IR307 16-B-I-B- 1-2 were drilled 
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into the furrows at 100 kg/ha and fertilized with 25-
25 kg NP/ha. Another 25 kg N/ha was applied at 
panicle initiation. 

Weed growth was reduced initially by p:.emer-
gence application of pendimethalin (Table 1I), but 
the herbicide's residual effect was short-lived and 
there was substantial weed regrowth. The yield was 
not significantly different from that of the unweeded 
check. The postemergence herbicides propanil and 
fenoxaprop also perforled poorly when applied 
alone. 

Pendimethalin application followed by hand 
weeding or propanil application greatly reduced 
weed growth and significantly increased grain yield. 
Labor inputs were 65% less for herbicide u,.:e + hand 
weeding than for two hand weedings, and were )6% 
less for a herbicide combination, 

No single weed control practice provided satis-
factory weed control. In all cases, two weeding 
operations were needed to control weeds adequately 
and produce opti mum yields. 

CULTIVAR COMPEFITIVENESS AGAINST WEEDS 
In UR, plant breeders have focused most of their 
research efforts on stable yield, disease resistance, 
and tolerance for adverse soiis. Weed competitive-
ness has received little attention. Identification and 
use of competitive cultivars will reduce the inputs 

needed for hand weeding, which is the predominant 
weed control method used in UR. In Ciaeria, north
ern Mindanao and Matalom, Leyte, 14 cultivars 
were tested for their ability to suppress weeds or to 
give ,igh yields in the presence of weeds. 

In Claveria, the experiment was laid out in a split
plot design replicated four times with hand 
weeding regimes as main plots and the different 
cultivars as subplotF. The regimes were I weeding 
14 DE; 2 weedings, 14 and 28 DE; and 3 weedings, 
14, 28, and 42 DE. The dominant weed species are 
R.cochinchinensis, Digitaria setigera, and Borreria 
laevis. Failure to weed when they are present re
suited in crop fail:ire. Only the data for one weeding 
are presented. 

IR47686-09- I-B- I had the lowest rice:weed ratio 
and weed weights (Table 12), indicating high com
petitive ability. It was followed by the local cultivars 
Dinorado and Speaker. In contrast, IRAT216 and 
IR30716-B- I-B- 1-2 competed poorly against weeds. 
Yield was highest from IR47686-09- I-B-I. The next 
highest yielders were iRAT216 and IR30716-B- I
B-1-2, indicating their ability to yield well in the 
presence of weeds even if they are poorly competi
tive. 

In Matalom, IR47686-09-l-B-1 was not as com
petitive as the local check Lubang Red but it was the 
highest yielder. 

Table 12. Weed weight, plant dry weight, rice-to-weed ratio at harvest, and grain yield of 
different cultivars. Glaveria, Misamis Oriental, Philippines, 1991 WS. 

Cultivar 

IR47686-09-1-B-1 
IRAT216 
1R30716-B-1--1-2 
IR57924-09 
Dinorado 
IR57924-08 
UPLRi-5 
Speaker 
B2997C-TB-4-2-1 
IR57662-11-B-Bulk 
IR57924-24 
CT6510-24-1-3 
IR55419-04 
IR55435-05 

Rice-to- Plant Weed Grain 
weed dry wt wt yield
ratio' (g/m2) (g/m2) (t/ha) 

0.15 a 648 abc 132 a 2.3 a 
0.43 de 418 c 336 d 1.7 ab 
0.38 cde 462 c 334 d 1.7 ab 
0.23 abc 528 c 168 a-d 1.6 abc 
0.18 ab 862 a 140 aL 1.5 abc 
0.23 abc 632 abc 166 a-d 1.5 abc 
0.20 abc 638 abc 130 a-d 1.4 abc 
0.18 a:" 818 ab 156 a-d 1.4 abc 
0.25 a-d 650 abc 200 bcd 1.3 abc 
0.30 a-e 538 c 2e6 cd 1.3 abc 
0.35 b-e 516 c ?00 bc 1.2 bc 
0.45 e 398 c 332 d 0.9 bc 
0.43 de 232 c 165 d 0.8 bc 
0.38 cde 291 bc 173 d 0.7 c 

'Weed dry weight + weed + rice dry weight. 
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Blast management 

Blast (Bl) is one of the most important biotic con-
straints to rice production in the uplands. BI lowers 
and destabilizes rice yields under present conditions, 
and could become increasingly devastating as pro-
duction intensifies. This report discusses progress in 
research aimed at improved breeding for duiable 
BI resistance. The research involves analysis of B1 
fungus populations and of the genetics of host 
resistance. 

IDENTIFYING GENES FOR BLAST RESISTANCE IN 

NEAR-ISOGENIC LINES 
To increase the efficiency of mapping and utilizing 
known genes for B resistance, the resistance genes 
in the near-isogenic lines (NILs) 'eveloped previ-
ously at IRRI and those in Kiyosawa's differential 
cultivars were compared. This work was part of the 
Japan-IRRI Shuttle Reseaich Project. 

The reaction 	 of the differentials to Philippine 
isolates of P.gri,;eaand the number of genes in each 
were determined. Most differentials were resistant to 
at least one of the isolates used to develop the NILs. 
Testcrosses indicated that each differential had 
zero, one, or two resistance genes. 

Allelism tests between the differentials and NILs 
were conducted. All the necessary crosses were 
attempted for the 264 combinations to be tested. 
Hybrid sterility prevented some combinations. F, 
populations of 87 of the crosses were inoculated and 
scored. The following are tentative conclusions: 
" Pi-2(t) in C 101 A51 is allelic to Pi-Z, 
" Pi-J(t) in Cl01LAC and the B resistance genes 

in other NILs in group I are allelic to Pi-k, 
* Pi-3(t)is not present in the Japanese differentials, 

and 
* the NILs in groups 3 and 4 have a gene allelic to 

Pi-ta. 

MAPPING MAJOR AND MINOR GENES FOR BLAST 

RESISTANCE 

Moroberekan is an UR cultivar that has shown dii
rable resistance to B. To map the genes involved in 
resistance of this cultivar, we analyzed a population 
of 278 recombinant inbred (RI) lines from the Mo-
roberekan/CO 39 r .ss for 100 polymorphic DNA 
markers (restriction fragment length polymorphismsmRkers)(res ndfragment lsenth olyrpisms 
[RFLPsI) and for various aspects of• 81 resistance. 
Based on segregation of the moecular markers, a 
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map of the rice chromosomes was constructed for the 
cross. Segregation was strongly skewed, favoring 
CO 39 (indica) over Moroberekan (japonica) alleles. 
A single major gene conditioning qualitative resis
tance to five isolates of the blast fungus was identi
fled and mapped between markers RG 788 an., RG 
449 on chromosome 4. 

The RI lines were tested in the field at Cavinti. 
Significant differences in DLA and in the rate of 
disease progress were detected (Fig. 6), suggesting 
the presence of genes for partial resistance ("minor 
genes"). To map minor genes for resistance, data on 
lesion type, number, and size for the RI lines were 
collected using a polycyclic test with a single BI 
isolate P06-6. We are statistically analyzing the data 
to allow mapping of quantitative trait loci for BI re
sistance. 

Progress was also made in mapping resistance 
genes for several other crosses. Crosses between 
CO 39 and IAC47, IRAT104, and IRAT216 were 
advanced to the F6 arid over 10O polymorphic probes 
were identified for each. For the IAC165/CO 39 
cross, F6 lines were found to be 97.3% homozygous, 
and thus suitable as a population for mapping and 
phenotypic analysis. Al'elic segregation in the F6 RI 
lines from IAC165/CO 39 were found to be only 
slightly skewed; the lines showed an average of 46% 
japonica for 41 lines analyzed at 9 RFLP loci. 

Compatible pathogei. isolates would be useful for 
analyzing the genes involved in partial resistance. To 
identify such isolates, more than 300 isolates of the 
B! fungus were tested forreaction on the paicnts used 
for the crosses being analyzed. Useful isolates were 
identified for three of the resistance donors, includ
ing IAC165. 

%diseased leaf area 
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Table 13. Summary of 1990 WS tests at 5 upland screening sites.-

Sitiung BRRI Cavinti IRRI Santa Rosa 
Indonesia Bangladesh Philippines Philippines Colombia 

Cultivar 
Final RADPC Final RADPC Final RADPC Final RADPC Final RADPC 
% DLA %DLA % DLA % DLA % DLA 

Moroberekan 0.00 0.99 0.63 0.13 0.23 0.13 0.00 0.17 11.25 2.77IRAT216 0.13 0.51 0.30 0.14 0.02 0.01 0.00 0.00 18.75 4.03 
OS6 1.25 1.94 2.50 0.82 11.50 1.88 7.00 4.91 26.25 6.64
Azucena 4.75 3.42 - - 1.28 0.52 2.88 2.80 13.25 2.96
Iguape Cateto 5.00 5.48 0.75 0.16 2.38 0.49 0.01 0.12 7.50 1.88
Danau LautTawar 20.00 13.38 1.13 0.47 7.25 1.62 4.50 3.69 15.00 3.03Kinandang Patong 33.75 14.55 9.88 2.45 1.28 0.34 6.6 0.29 25.00 6.09
CNA4130 16.25 7.28 0.40 0.10 5.25 1.16 1.38 1.97 11.20 2.43
IR47686-18-7B 3.50 4.03 0.40 0.12 1.38 0.60 0.58 1.18 7.50 1.58
Shenshou Ibaraki 1 27.50 10.17 1.13 0.47 14.75 3.51 10.50 7.06 23.75 6.07
KUl15 2.38 3.07 0.50 0.17 0.13 0.15 0.00 0.00 4.00 0.83
HD14 0.00 0.36 0.53 0.16 0.01 0.02 0.00 0.00 4.00 0.84 
IAC47 8.75 0.65 16.007.96 0.20 2.89 3.75 3.66 12.50 3.40
IAC165 16.25 10.61 0.63 0.16 8.75 2.14 1.88 2.45 13.75 3.12
IRAT13 0.00 0.05 0.40 0.07 0.01 0.00 0.00 0.00 1.00 0.37IRAT104 0.13 0.32 0.50 0.11 0.01 0.03 0.00 0.00 1.00 0.37 
CO 39 85.00 34.63 100.00 35.91 71.25 13.93 100.00 45.94 100.00 33.85
Yamada Baki 93.75 34.66 2.75 0.61 100.00 24.41 100.00 48.64 100.00 22.77 
BR21 16.25 14.64 4.13 1.17 6.50 0.99 - - 7.59 1.45
Arias 17.75 9.16 1.50 0.65 20.50 5.49 18.00 11.10 41.25 10.18 

°DLA =diseased leaf area, RADPC = relative area under the disease progress curve. 

Table 14. Spearman rank correlation analysis of reactions of 20 UR cultivar, (based on 

ranking of RADPC values) at 5 sites. 1991. 

Indonesia Bangladesh Colombia Cavinti, Philippines 

Bangladesh (BRRI) 0.74
 
Colombia (CIAT) 0.42 0.56
 
Philippines (Cavinti) 0.78 0.65 
 0.59

Philippines (IRRI) 0.78 0.73 0.71 0.94 

COMPARISON OF KEY BLAST SCREENING SITES standardized methodology (Table 13). The results 
It. a collabor.,ive study to assess the population varied, suggesting differences among the pathogen 
structure of Pyricularia grisea at key screening sites populations at the sites. Some cultivars were highly
in different parts of the world, the relative suscepti- resistant in only two or three locations. Yamada Baki 
biliiy of a set of diverse upland cultivars was com- showed ahigh degree ofsusceptibility in Sitiung and 
pared at five sites in 1990 and three sites in 1991. In Cavinti, but not at IRRI. 
1990, the materials were evaluated at the CIAT To systematically evaluate the differences among
substation in Santa Rosa, Colombia; at the Sitiung sites, the varieties were ranked according to RADPC 
substation ofSARIF in Indonesia; at the Bangladesh values, and varietal rankings at the sites were corn-
Rice Research Institute; at IRRI; and in Cavinti, pared by Spearman rank correlation qnlysis (Table
Laguna, Philippines. 14). As expected, the two Philippine ,.tes showed the 

At each site, miniplots were established for each most similar ranking. The ranking in Indonesia was 
of 20 UR cultivars. The relative area under the fairly similar to the rankings observed in the Philip
disease progress curve (RADPC) and the percentage pines. The ranking in Colombia differed from those 
of diseased leaf area (DLA) were evaluated using in Indonesia, Bangladesh, and Cavinti in the Philip-
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pines. In general, the geographic distance between nursery and tested for DNA profiles using two single

sites paralleled the difference in ranking "etween copyprobes, onemiddle-repetitiveprobe,andRAPDs 
them. primer 5'-TCGTTCCGCA-3' (Fig.7). 

The DNA profiles clearly distinguished the strains 

RAPID METHOD FOR DNA TYPING OF BLAST infecting IR50 from those infecting the traditional 

FUNGUS cultivars. The isolates infecting IR50 were more 

Repetitive DNA probes used as genetic markers for diverse than those infecting the traditional cultivars. 

defining pathogen lineages have been very useful for The five isolates infecting IR50 showed three dis

elucidating the structure ;of pathogen populations. tinct types, whereas the 13 isolates infecting the 6 

Simplified DNA analysis techniques could improve traditional cultivars were all the same. 

efficiency in characterizing pathogen populations. We speculate that a combination of resistance 

We compared the DNA profiles produced by single- factors from IR50 and the tra0'itional cultivars cou!d 

copy DNA probes, middle-repetitive probes, hif'ly be useful in conditioning resistance against a wide 

repetitive probes, and by a polymerase chain reac- range of BI fungus types. 

tion-based ::chnique temled random amplified poly
morphic DNA (RAPD). Drought 

Fourteen 10-base primers were screened, and 
three showed polymorphisms between diverse strains VEGETATIVE STAGE DROUGHT SCREENING 

of P. grisea. One of these primers, 5'- During the vegetative stage of rice, drought may 

TCGTTfCCGCk-Y (J-06, Operon), generated clear 
DNA profiles and defined groups of isolates that a) Traditional varieties IR50 Carreon 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
correspondcd well with the groupings defined by 
repetitive DNA probe MGR586 (DuPont) for 54 

ia. - OTisolates collected from the IRRI 131 nursery and from 

the IRRI upland screening site in Cavinti (Table 15). 

DISTINCT BLAST ISOLATES INFECTING IR50 
Isolates infecting IR50 and several tr.ditional Phil
ippine cultivars were collected from the IRRI BI- -

Table 15. Association between DNA profiles obtained A . 
using RAPD primer 5'-TCGTrCCGCA-3' and RFLP probe 
MGR586 (DuPont), for 70 Pyricularia grisea isolates 

Carreonfrom Laguna, Philippines., b) Traditionalvarieties IR50 
1 2 3 4 5 6 7 8 9 1011121314 151617 181920 

RAPDs profile RFLP profile Isolates (no.) 

1 1, 1d, 1c, le 17
 
2 7, 7a 7
 
3, 3a, 3b 4, 4a, 4b, 4c 33
 
9 '10 1
 

12 3 1
 
13 5 1
 

4 2 1
 
5 3 2
 
6 9 1
 
7 11 1

8 14 3

10 6 1 7. DNA profiles of Pyricularia grisea from traditional varieties 

1 and from IR50. a) the hybridization profile of middle
11 13 

repetitive probe p64 (Univ. of Wisconsin). b) DNA profile 

'Each distinct DNA profile was given a different designation. generated by random amplified polymorphic DNA using primer 

Profileswith approximately 80% orgreater band similaritywere 5'-TCGTTCCGCA-3 (J-06; Operon). In both aand b, the end 

given the same numerical designation, followed by a different lars-s.:how marker DNAs, lanes 2-9 and 15-18 show DNA from 

letter, while profiles with less than approximately 80% band P. grisea isolates infecting traditional varieties, and lanes 10-19 
similarity were given different numerical designations, show DNAs from P. grisea isolates infecting IR50. 
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occur in any rainfed rice ecosystem. Tolerance for 
drought is a trait sought by most breeders of rainfed 
rice. For more than 15 yr, IRRI has screened about 
6,000 cultivars and breeding lines and 6,000 
germplasm bank accessions for drought tolerance 
under upland conditions at IRRI. 

On 11 Feb 1991, we drilled 10 g seed of each of 
6,593 entries from the Plant Breeding, Genetics, and 
Biochemistry Division , the Agronomy, Plant Physi-
ology, and Agroecology Division, International 
Network for Genetic Evaluation of Rice, and Inter-
national Rice Germplasm Center (Table 16) in a 
Maahas granular clay soil in 2-row plots, each 2.5 m 
long and 25 cm apart. Plots were sprinkler-irrigated 
until 12 March, 25 d after 50% seedling emergence, 
after which irrigation was stopped. We scored for 
drought reaction at -0.2, -0.5, and -1.0 MPa soil 
matric potential, then re-irrigated and scored for 
recovery after 7 d. Scoring was based on the Stan-
dardevaluation system for rice: for drought, 0 = no 
visible symptoms of stress, 9 = all plants apparently 
dead; for recovery, 1= >90% of plants fully recov-
ered, 9 = <20% of plants fully recovered. The drought-
tolerant check was Salumpikit and the susceptible 
check was IR20. 

Among the entries, 128 scored better than Sa-
lumpikit at -1.0 MPa and 401 equaled Salumpikit 
(Table 16). The rices with the greatest proporl.n of 
tolerant entries were from the upland ecosystem. 

Three breeding lines-two from cross IR46331 and 
one from cross IR47686-and two cultivars-Mo
roberekan and RD19--have shown good drought 
toleranceovertfbepast3yr(Table 17).CrossIR61042 
appears promising as 7 of 27 lines were equal to or 
better than the tolerant check. 

Stablecultivars fromwell-maintainedseedstocks 
tend to perform consistently across years, at least on 
a relative basis. As reported in the 1990 Program 
report, on the other hand, grain yield under soil 
moisture-deficit conditions, the ultimate measure of 
drought resistance, has not been shown to be related 
to vegetative drought tolerance. Furthermore, up
land conditions at IRRI are atypical of those found in 
most farmers' fields. Therefore, this study is the last 
upland drought screening trial of this sort to be 
conducted on the IRRI farm. In the future, we will 
conduct ecosystem-specific drought screening in 
conjunction with the international rice research 
consortia. 

SIMULATION OF UPLAND RICE RESPONSES TO SOIL 
MOISTURE 

The growth and yield of rainfed UR is affected by 
crop, soil, and weather factors. A Centre for Agrobi
ological Research growth model that integrates the 
interacting effects of these factors was used to simu
late UR growth and yield. The model incorporates 
soil water balance processes and effects of water 

Table 16. Drought-tolerant selections in vegetative phase drought screening in the field. 
IRRI, 1951 dry season IDS). 

Entries Outstanding Other 
Source of entries (no.) selections, selectionsb 

(no.) (no.) 

Plant Breeding, Genetics, 
and Biochemistry Division 

Rainfed lowland 1929 39 132 
Upland 464 10 50 
Deepwater 529 12 33 
Hybridization block 221 7 11 
Bulu rices 328 5 15 
Oryza sativa/O. australiensis 407 2 14 
Doubled haploid lines 107 1 5 

Agronomy, Plant Physiology, and 
Agroecology Division 

Upland rice 112 11 9 
International Network for Genetic 781 12 57 

Evaluation of Rice 
International Rice Germplasm Center 1715 29 75 

Total 6593 128 401 

'Drought tolerance score of 2-3 rt. soil matrix potential (SMP) -1.0 MPa, better than that of drought
tolerant check Salumpikit. bDroulit tolerance score of 4at SMP -1.0 MPa, similar to that of Salumpikit. 
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Table 17. Selected outstanding varieties and the lines in vegetative phase drought 
screening in the field. IRRI, 1991 DS. 

Drought score Recovery 
Designation Seed source score 

-0.2 MPa -0.5 MPa -1.0 MPa 

IR46331-PMI-32-2-1-1 Rainfed lowland 1 2 3 1 
IR46331-PMI-53-2-1-3 Rainfed lowland 1 2 4 1 
IR47686-6-2-2-1 Upland 0 2 3 1 
Moroberekan International Network 0 1 4 1 

for Genetic Evaluation 
of Rice 

RD19 International Network 0 2 3 1 
for Genetic Evaluation 
of Rice 

Salumpikit 1 2 4 1 
(tolerant check) 

IR20 (susceptible check) 3 5 7 3 

Water stress factor (Ta/Tc) 	 Simulated grain yield (t/ha) 
5.0
 

-1.0 .. . . ... . .	 4.0 

3.0 .0. 

0.8 

Original 	 2.0 0 

Modified for a 

upland rice 1.0 
06 


0.4	 10 

,'1.0 2.0 3.0 4.0 5.0 

0.2 WCWP" WCFC WCST 	 2.5 

oil I 2.0
0.3 0.4 0.5 0.6 	 * " O 

Soil moisture content (cm3/cm 3) 1.5 

8. Relationship between soil moisture content and water stress 
bfactor (Ta/Tc). WCWP =permanent wilting point, WCFC = field 0'. 0 

capacity, WCST = saturation. 1.0 " 
r.0.83"
 

stress on crop growth. The model decreases growth 
in response to stress by multiplying photosynthesis 0.5 
by the ratio ofactual to potential transpiration (stress 
factor). Using previous greenhouse experiments, we 0 ' 

0.5 1.0 1.5 2.0 2.5
modified the relationship between the stress factor 

Observed grain yield (t/ha)and volumetric soil moisture content (Fig. 8). For 

rice, actual transpiration falls below potential tran-	 9. Observed and simulated grain yields using a) original and b) 

modified water stress factor-soil moisture content relationships.spiration as soil moisture becomes less than satura-
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Table 18. Correlation coefficients of the linear relation-
ships between simulated and observed soil watercontents at different depths, 1985-89. n =94-96. 

Correlation coefficient, 

10-cm depth 20-cr depth 30-cm depth 

1985 0.60** 0.94** 0.95** 
1986 0.74** 0.81"* 0.75** 
1987 
1988 
1989 

0.80** 
0.68** 
0.59** 

0.81"* 
0.74** 
0.64** 

0.89** 
0.72** 
0.62** 

= significant at p < 0.01. 

tion instead of field capacity as in other upland crops. 
Simulated results were compared with data from 

rainfed yield trials conducted at an upland site at 
IRRI from 1979 to 1989. where plots received 80-
13-25 kg NPK/ha. The experiments were protected 
from insect pests, rats, and birds. 

The original version of the model greatly overes-
timated grain yields (Fig. 9a). With a modified 
relationship between the water stress factor and soil 
moisture content, the model much more closely 
simulated grain yields for different years although 
estimates were still high (Fig. 9b). There was asig-
nificant relationship between simulated and observed 
soil moisture contents at all soil depths in all years, 
but correlations were much stronger below the 10-
cm depth (Table 18). 

The current simulation study improved our un-
derstanding of rice response to water stress. Simula-
tion results confirm that the ratio ofactual to poten-

tial transpiration rate decreased near saturation. Future 
research, both experimental and simulation, willdetermine whether the ratio is in fact linearly related 
to soil water content from saturation to permanent 

wilting point in rice. 

Conclusion and next steps
 

Important progress has been made in breeding culti
vars tolerant of strongly acidic soils and resistant to 
BI. Collaborative breeding programs with national programs are on-going. Ecosystem-specific drought 
screening will be done in collaboration with the 
international rice research consortia. 

Because of increasing labor shortage in rural 
areas, improved weed control methods are needed 
for UR. Weed manauement activities will empha
size land preparation, selection of more competitive 
cultivars, and use of implements for interrow culti
vation. 

We will continue to analyze the population struc
ture of the BI fungus and will use the resulting 
understandingtoassistourbreedingefforts. In 1992, 
we expect to advance our analysis of genes for 
qualitative or complete resistance, and to conclude a 
detailed analysis of genes for complete and partial 
resistance in adurably resistant upland cultivar with 
the use of molecular markers. We will further iden
tify and characterize the genetic lineages of the BI 
fungus. Information on the pathogen population 
will be used to improve the characterization ofresis
tance gene. 
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Deepwater and tidal wetlands
 
rice ecosystems
 

Although deep flooding destroys most rice 
varieties, the stems of deepwater rice (DWR) 
elongate when stimulated by submergence. 
DWR is called floating rice in the very deep 
water areas. The rice grows 1-3 mo in 
rainfed lowland fields that are prone to 
drought or shallow flooding, and are subse-
quently flooded to depths of more than 
50 cm for 1 mo or longer. The peak water 
levels usually occur before flowering. Tidal 
wetlands rice does not elongate. It is similar 
to rainfed lowland rice, but grows in coastal 
lowlands where water levels fluctuate as 
tides rise and fall and soils are often saline, 
acid, or peat. 

The deepwater and tidal wetlands rice 
ecosystems program aims to develop 
improved rice cultivars and more efficient 
cultural methods and farming systems for 
these ecosystems. Because national agricul-
tural research systems (NARS) and IRRI have 
limited resources for research in these areas, 
a collaborative approach is emphasized. The 
target ecosystems have a sustainable sys-
tem of agriculture, and yields can be in-
creased without detriment to the environ-
ment. Alternative cropping systems will 
provide greater employment and improved 
diets. 

Subprogram I: Increased productivity
and land-use efficiency of deepwater 
ricelands 

Because of successful crop substitution programs in 
Bangladesh and Vietnam, about 1.8 million ha of 
deepwater ricelands have been converted for irri
gated crops, but nothing is grown during the flood 
period. These conversion programs should be con
tinued where they are environmentally sound and 
economically viable, but more research is needed to 
combine DWR and irrigated crops more effectively. 
In more than 6 million ha of lands, DWR is the only 
feasible main crop, and its productivity must be 
improved. 

Improved deepwater rice germplasm 

This project aims to provide breeding materials to 
NARS and to conduct prebreeding research on elon
gation ability and submergence tolerance. Although 
the current yields of deepwater ricelands are less 
than 2 I/ha, breeding research has demonstrated that 
some new strains often double this yield potential. 
However, the difficult task of fitting new strains into 
specific niches ian be achieved only by an extensive 
field testing program. 

THAi-IRRI BREEDING MATERIALS 

Our collaboration with Prachinburi Rice Research 
Center in Thailand expanded during the year. 

F, hybrids. A total of 192 F, hybrids were pro
duced-64 at IRRI and 128 at Prachinburi. Scientists 
at IRRI concentrated on early-maturing types while 
those at Prachinburi emphasized crosses involving 
late-maturing types. 
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Bulk populations. At IRRI, 93 F, populations 
were evaluated for submergence tolerance and 20 
with desirable genotypes were selected for advance-
ment. For slow elongation in water up to I m deep, 
135 F, populations were selected from 386 tested. 
Of 294 populations evaluated in 1990 for plant type, 
duration, and resistance to major pests and diseases, 
169 were selected for testing in different water 
depths. 

A total of 999 bulk populations ranging from F, to 
F, were evaluated under natural flooding conditions 
at Prachinburi. Bulk selections were made every 
2 wk from late October until late December. 

Pedigree nurseries. Nearly 6,000 lines from 216 
crosses were evaluated at IRRI for duration and 
resistance to pests and diseases. A total of 404 lines 
from 81 crosses were selected for distribution to 
NARS. 

Pedigree evaluation was also done in Prachin-
buri. Of the 730 lines tested, 482 were selected for 
farmers' field observation tests. 

Characterization of advanced lines. Charac-
terization, which is essential to determining target 
areas to which the new lines could adapt, was carried 

out at IRRI and Prachinburi. Of the 405 lines studied 
at IRRI, 98 matured in late October, 275 in early 
November, and 32 in late November. An additional 
1,028 lines were characterized at Prachinburi. 

PREBREEDING RESEARCH 

Submergence beyond 10-12 d usually kills rice. The 
rice varieties adapted to long-duration flooding sur
vive by elongating their internodes and leaves, and 
thus emerging above water. Plant elongation is 
considered a key trait in DWR improvement. Experi
ments in 1991 identified procedures to screen for 
rapid elongation ability in a nondestructive manner. 

Seedling age. Experiments with three seedling 
ages (2, 3, and 4 wk) assessed variation in plant 
elongation ability induced by short-duration flood
ing. 

Entries differed significantly in plant elongation 
(Table 1). Percent increase after flooding was higher 
in the 2-wk-old seedlings, but actual elongation was 
greater at the 3- and 4-wk seedling ages. At all three 
seedling ages, high repeatability values for plant 
elongation indicated good precision. This method is 
nonlethal and can be used to distinguish the elongat-

Variety 

Table 1. Increase in plant height of seedlings of 3ages submerged for 7 d in 100 cm water 
and elongation score of some deepwater rice(DWR) varieties. IRRI, 1991. 

Increase in plant height (cm) Elongation 

FR13A 
BKNFR76106-16-0-1 
IR36 
Ghoghari 
Shayma 
IR42 (susceptible check) 
IR11288-B-B-69-1 
NDGR150 
FRG15 
Madhukar 
NDGR207 
IR11141-6-1-4 
IR28273-R-R-R-29-38-2-3-3 
Chakia 59 
IR40905-11-3-1-5-3-3 
NC492 
Baisbish 
Sa'ngar 
Barogar 

LMN111 
Jalmagna 
NDGR407 

CV 1%) 
Repeatability (r) 

2 wk 3wk 

13.2 
- 8.3 

10.7 8.9 
23.6 

- 15.2 
13.6 8.7 
13.2 12.4 
21.8 21.5 

- 23.6 
17.7 

15.3 20.9 
17.3 15.9 

17.2 
33.8 
24.6 

- 27.9 
26.0 23.0 

- 37.3 
37.3 

- 41.8 
24.1 26.8 
25.4 -

9.2 17.6 
91.7 85.8 

score 
4 wk 

5.1 9 
4.6 9 
7.1 9 
8.9 7 
9.1 7 
7.9 7 

10.6 7 
7.4 5 
8.9 5 
9.9 5 

12.4 5 
11.8 5 
18.2 5 
15.9 3 
16.1 3 
20.1 3 
21.0 3 
13.1 1 
19.8 1 
20.9 1 
35.8 1 

- 1 

25.0 
80.9 
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ing types from the nonelongating ones without de-
stroying the entries. The expriments show that, for 
best precisic-:, 3- to 4-wk-old seedlings should be 
used for screening. 

Shallow-flooding techniques. To minimize the 
need for deep flooding to assess the rate of internode 
elongation, we conducted an experiment with six 
elongating and three nonelongating varieties in tanks 
at IRR. Six weeks afterseeding, the waterdepth was 
raised to 50 cm. To stimulate elongation and knee-
ing, the portion of the plants that remained above 
water level was submerged using a horizontal iron 
bar. The iron bar was moved forward across the 
horizontal line 2-3 times a week depending on the 
increase in stem length. This procedure allowed all 
plants, including nonelongating varieties, to be sub-
merged but to survive. This horizontal forcing method 
induced test plants to express their potential for 
elongation at most internodes without necessitating 
deep flooding, 

Varieties differed significantly in total internode 
length. Floating types had the greatest length, fol-
lowed by elongating modern types and tall tradi-
tional DWR (Table 2). Floating varieties produced 
10-15 intemodes, at least 7 of which were elongated 
(more than 6 cm long). Elongating modern types had 
eight to nine intemodes, at least five of which were 
elongated, 

Screening for elongation using gibberellic acid 
treatment. We evaluated 48 entries including 
nonelongating modem, elongating modern, tall tra-
ditional, tall elongating, and floating types from 

several countries. At the 4-leaf stage, each plant was 
sprayed with 3 ml or 500 and 1000 ppm gibberellic 
acid (GA3 ). A control treatment was included. 

We found no significant difference in length of 
internodes between the 500 and 1000 ppm GA 3 

treatments. Therefore, the average internode length 
of these two treatments was used for interpreting 
results. Results suggest that internodes of floating 
rice are more sensitive to GA3 than are those of 
nonfloating rice (Table 3). However, when com
pared by Standardevaluationsystem forrice (SES) 
scores and classified into highly elongating (SES 
scoreof 1-3), moderately elongating (5), and nonelon
gating (7-9) groups, no clear distinction between 
groups was observ 'I.Furthermore, among the float
ing rice varieties, plants with good elongation ability 
were more sensitive than those with moderate elon
gation ability. 

Findings reveal that floating and nonfloating rice 
varieties differ in sensitivity to GA3 . Foliar applica
tion of 500 ppm GA 3 could be used during seedling 
stage to distinguish floating rices with good elonga
tion ability from those with poor elongation ability 
and from nonfloating rices. 

Identifying elongating rices without flooding. 
To study the developmental-morphological differ
ences between elongating and nonelongating rices in 
the absence of water, 36 entries including floating, 
elongating modem, and nonelongating modem types 
were grown under normal irrigated lowland condi
tion. At panicle emergence, we examined 30 ran
domly selected main tillers for plant height and 
number and length of internodes. 

Table 2. Internode characteristics and elongation score of some rice varieties under forced 
elongation. IRRI, 1991. 

Variety 

Jalmagna 
Baisbish 
NDGR417 
NDGR150 
IR11141-6-1-4 
IR11288-B-B-69-1 

NDGR207 
IR42 
IR36 
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Total 
(no.) 

15 
13 
10 
8 
9 
8 

7 
6 
6 

Internodes 

Elongated Total length 
Elongation 

score 
(no.) 

Elongating varieties 
12 
10 
7 
6 
6 
5 

Nonelongating varieties 
4 
3 
4 

(cm) 

135 1 
116 1 
111 1 
79 5 
58 5 
62 5 

67 5 
37 9 
44 9 



Table 3. Internode elongation induced by GA3 at 7- to 8-leaf stage in some rico varieties. 

Internode elongation (cm)
 
Variety 
 Country or place Elongation

of origin With GA3 Without GA3 score 

Nonelongating type

Safri 17 India 41.3 0 
 9 
IR5 IRRI 42.9 0 9 
Dulhabhog Bangladesh 43.2 0 9
IR42 IRRI 46.4 0 9
Mahsuri Malaysia 47.6 0 9
Jaya India 49.4 0 9
TN1 Taiwan 56.8 0 9
 

Average 46.8 0
 
Tall traditional
 

Manoharsali India 34.7 0 
 9
Rajasail Bangladesh 36.3 0 9
Maliabanger Bangladesh 37.4 0 9
NC492 India 38.8 0 9 
Ashini Bangladesh 39.4 0 
NDGR207 India 42.5 1.5 9
Patnai 23 India 46.4 0 9
Sugapankhi India 50.2 0 9
Nam Sagui 19 Thailand 54.7 0 9
 

Average 42.3 0.2

DWR and MV, elongating types
 

Bhainslot India 50.5 0 
 5
Pin Gaew 56 Thailand 52.2 0 5
Girmi Bangladesh 54.3 0 5 
IR11288-B-B-69-1 IRRI 55.7 0.2 5
Pan Tawng Thailand 56 0 5 
Walihandiran Sri Lanka 60.5 0 5
Jaisaria Bangladesh 61.3 0 5
Bhadoia 293 Bangladesh 61.8 7.9 5
BKNFR76106-16-0-1 Thailand 65.6 0 5
NDGR150 India 65.8 0 5
RD19 Thailand 75.3 0 5 
IR11141-6-1-4 IRRI 79.8 0 5
 

Average 56.8 0.7
 
Tall elongating type


Rayada 16-05 Bangladesh 51.3 0 5

Rayada 16-06 Bangladesh 62.9 0 5

IR40905-11-3-1-5-3-3 IRRI 63.7 4 
 3
Sran Kraham Cambodia 64.9 3.2 3 
TCA148-3 India 65 4.1 3
Chakia 59 India 70.7 8.2 3 

Average 57.3 1.7
 
Floating type
 

Anlong Phnom Cambodia 64.8 6.4 
 3
Vear Sar Cambodia 66.2 6.8 3 
Digha Bangladesh 70.4 0 3
Baisbish Bangladesh 72.7 3.9 3 
Chamara Bangladesh 77.5 6 3
Rayada 16-04 Bangladesh 81.3 0 1 
Bazail 65 Bangladesh 88.8 9.8 1
LMN111 Thailand 97.8 14 1
Chhota Bhawalia India 101.5 15.7 1
Khama Bangladesh 102.4 13.9 1
BR516-48-3 Bangladesh 102.5 26.3 1 
Sarsari Bangladesh 103.9 9.5 1
Bhadoia 303 Bangladesh 112 32.9 1 
Jalmagna India 122.6 26.6 1 

Average 88.1 11.3 

'Modern variety. 
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Average intemode length among theentries ranged 
from 29.5 to 128.3 cm. In general, nonelongating 
modem types had fewer and shorter intemodes, and 
were snorterthan the tall traditional DWRs. Nonelon-
gating modern types had two to three elongated 
intemodes out of a total four or five, most elongating 
modem types produced five elongated internodes 
out of a total five or seven, and traditional floating 
rices had six of six to nine internodes elongated 
(Table 4). 

The results confirmed that developmental-mor
phological differences between elongating and 
nonelongating rice varieties exist and can be de
tected without flooding, although there is consider
able overlap between groups. 

NEXT STEPS 

IRRI will concentrate on prebreeding research and 
development of breeding materials for early matur
ity and medium waterdepths. We will investigate the 

Table 4. Internode characteristics of some rice varieties grown under irrigated lowland 
conditions. IRRI, 1991. 

Variety and type 

Nonelongating dwarf 
IR36 
BKNFR76106-16-0-1 
IR42 
IR50 

Tall traditional 
Madhukar 
FR13 A 
NDGR207 
Nam Sagui 19 
Shayma 
Bhatin 
FRG15 
Amara 

Elongating modern variety 
IR11141-6-1-4 
NDGR150 
NC492 
Kekuabao 

Chakia 59 
NDGR149 
NDGR151 
Maguri 

Kalaungi 

Agahani 

IR28273-R-R-R-29-38-2-3-3 
Sainger 
IR40905-11-1-5-3-3 

Floating 
Ranga Bao 
NDGR404 
Rai Bhawalia 
Padmapani 
Bazail 65 
Chamara 
Nagheri Bao 
NDGR402 
Rayada 16-06 
Jalmagna 
Barogar 

Internodes 

Total Elongated 
(no.) (no.) 

4 2 
5 3 

5 3 

5 3 


4 4 

5 4 

4 4 

5 4 

4 4 

5 4 

5 4 

6 4 


7 5 
4 4 
5 5 

6 5 

5 5 

5 5 

6 5 

7 5 

6 5 

6 5 

7 5 

5 5 

7 5 


6 6 

6 6 

8 6 

9 6 

7 6 

7 6 

6 6 

6 6 

8 6 

9 7 

8 7 


Plant 
lit 

Total length (cm) 
(cm) 

29.5 75.0 
47.8 104.6 
48.2 98.5 
59.0 132.4 

64.6 121.3 
68.0 130.8 
68.1 126.7 
75.1 131.4 
75.6 135.9 
80.2 133.2 
88.6 147.9 
95.1 146.3 

63.5 117.3 
67.9 142.8 
79.1 133.2 
79.6 139.0 
80.4 143.9 
83.0 152.5 
82.8 144.3 
92.2 151.4 
94.9 151.4 
95.2 156.8 
98.4 167.4 
99.8 156.9 

101.5 165.5 

90.3 145.3 
95.0 157.3 
97.3 158.3 

101.6 153.7 
100.4 165.7 
103.6 150.5 
106.9 164.0 
113.5 165.2 
118.3 176.6 
123.1 174.1 
128.3 180.3 
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genetics of elongation ability, and characterize ad-
vanced breeding lines for duration, plant type, pest 
and disease resistance, and adaptation to submer-
gence and slow and fast rising water. Breeding for 
late maturity and higher water depths will be done at 
Prachinburi Rice Research Center and Huntra Rice 
Experiment Station in Thailand. 

Improved crop and resource 
management for deepwater rice areas 

This project supports the breeding program by de-
veloping more efficient testing methods for DWR 
gernplasi. It also focuses on plant nutrition and 
cropping systems that will allow fhrniers to benefit 
most from increased productivity of the whole sys-
tern, not just the rice crop. As with the different rice 
types, cropping systems must be adapted t,. specific 
combinations of a wide range of soi, climate, and 
flooding conditions. 

COLLABORATIVE RESEARCH WITHi THAILAND 
Testingdeepwaterriceforfrertilizerresponse with 
different plot sizes. Improved DWR lines tend to 
respond to N and P fertilizer, but full-scale testing of 
promising lines on broadcast plots has not been 
carried out because of the amount of seed, land, and 
other resources required. To determine if experi-
ments in small plots can give sufficient information 
forclassification of entries before testing in farmers' 

fields, row-sown rice, which has less spatial variabil
ity than broadcast rice, was used. The experiment 
used fertilizer rate as main plot, plot width (5 or 10 
rows) as subplot,and genOLypes as sub-subpiots. The 
first fertilizer application was incorporated at sow
ing; the second was broadcast near the commence
ment of flooding. Eight entries were used at Prach
inburi, but only four at Huntra where an additional 
treatment was added to detennine the effect of re
moving border rows befbre maturity. 

Rows were hand sown at Prachinburi and ma
chine sown at -luntra.In half of the plots at Huntra, 
border rows were removed 7 wk before harvest. Data 
for both sites are given in Tables 5,6. 

Grain yields at Huntra (Table5) show that remov
ing the border rows 6 wk after flooding gave higher 
mean yields for the remaining rows than removing 
the borders at maturity, and that the effect was 
greater for 5-row plots than for 10-row plots. The 
difference was greatest for the plots without N fertil
izer. However, despite the differences in yield levels, 
there was little difference in the ranking ofthe entries 
for any treatment. At Prachilburi, borders were 
removed at maturity only (Table 6). Plani establish
ment was uneven, but entries in both 5- and 10-row 
plots gave similar rankings betwcen entries for yield 
and for average response to fertilizer. 

Thus itappears that ifseed is evenly distributed in 
rows, as can be done by machine, 5-row plots can 
economize the use of resources and allow a valid 

Table 5. Average grain yield in 5- and 10-yow plots for measuring fertilizer response. Huntra Rif2e Experiment 

Station, Thailand, 1991. 

Average grain yield (g/m2) 

Entry No N 30 kg N/ha 60 kg N/ha Av Rank 

5-row Rank 10-rowRank 5-row Rank 10-row Rank 5-row Rank 10-row Rank 

LMN111 231 
DWCT'82-2-2 321 
BKNFR-76042-18-1 238 
SPR7411-7-2-3-2 232 

Averege 263 

LMN111 327 
DWCT'82-2-2 378 
BKNFR-76042-18-1 253 
SPR7411-7-2-3-2 295 

Average 313 
Difference means 50 
Overall mean 288 

2 
Border rows removed at maturity

255 3 237 3 265 3 
1 322 1 352 1 384 1 
3 249 4 276 2 294 2 
4 269 2 228 4 244 4 

274 273 297 

2 
Border rows removed 6 wk after flooding 

287 3 338 3 286 3 
1 356 1 416 1 340 1 
4 310 2 345 2 304 2 
3 239 4 310 4 270 4 

298 352 300 
25 79 4 

286 313 298 

284 3 302 3 267 3 
376 1 412 1 361 1 
298 2 261 4 269 2 
265 4 324 2 260 4 
306 325 289 

318 3 322 2 313 2 
405 1 406 1 384 1 
349 2 290 4 308 3 
336 4 293 3 291 4 
352 328 324 

47 3 34 
329 326 307 

Deepwater and tidal wetlands rice ecosystems 1.1 
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Table 6. Average grain yield in 5- and 10-row plots for measuring fertilizer response. Prachinburi, Thailand, 1991. 

Average grain yield (g/ml ) 

Entry No N 12.5 + 12.5 kg N/ha 25 + 25 kg N/ha Av Rank 

5-row Rank 10-ro,,vRank 5-row Rank 10-row Rank 5-row Rank 10-row Rank 

LMN111 158 1 152 1 211 
DWCT'82-2-2 129 2 112 4 141 
BKNFR-76042-18-1 96 5 108 5 128 
SPR7411-7-2-3-2 103 4 107 6 148 
SPR'76Com3-5-2 48 7 71 7 90 
HTA60 26 8 40 8 113 
Plai Ngham 92 6 130 2 172 
PG56 124 3 124 3 102 

Average 97 106 138 

comparison of DWR responses to fertilizer early in 
the breeding program. 

Nitrogen uptake and productivity of deepwa-
ter rice in farmers' fields. To determine N uptake 

in both the preflood and flooded periods, 99 farmers' 
fields in the provinces ofAyutthaya, Lopburi, Nakom 
Nayok, Prachinburi, and Singburi were sampled for 
dry matter and N content before flooding and at 
harvest. The preflood samples were taken as close as 
possible to the start of flooding. A sample area was 
selected in each farm and the plants cut off at 
ground level. Soil samples from the site were ana-
lyzed for pH, total N, and available P. At maturity, 
grain yields were obtained from 49 m2and four other 
samples were taken outside the comers of the harvest 
area for dry weight, yield components, and N. 

Excluded from the analysis were 14 fields with 
incomplete data. Significant correlation coefficients 
showing relationships between environmental and 
plant factors for 85 sets of data are shown in Table 7. 
The center column correlates yield with the main 
production components. For example, weight per 
panicle had a correlation of 0.22 with yield and 
panicle number had acorrelation of 0.59 with yield. 
The left-hand column (precursor) shows factors that 
affectedthecentralcomponent (e.g., increasingstems/ 
m2had a negative effect on weight per panicle, but a 
positive effect on number of panicles/m-i). The right-
hand column shows factors dependent on the central 
components; for example, harvest index is increased 
by greater weight per panicle, decreased by dry 
weight at maturity, and not affected by number of 
panicles/m 2. 
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1 172 1 246 1 231 1 195 1 
3 163 3 180 4 217 4 157 4 
5 162 4 155 8 220 3 145 5 
4 154 5 174 5 171 7 143 6 
8 126 8 166 6 205 6 118 7 
6 129 7 162 7 141 8 102 8 
2 150 6 217 3 226 2 164 2 
7 173 2 235 2 212 5 162 3 

154 192 203 149 

N uptake during the flood (mg N/m 2per d)had a 
closer relationship with total N uptake at maturity 
than did N uptake during the rainfed preflood period, 
indicating that the rate of N supply to plants during 

flooding is asignificant factor in production. Soil pH 
was negativelycorrelated with total N uptake, whereas 
soil N was positively correlated, suggesting that soils 
with higher pH had lower total N than soils with 
lower pH. Rainfall in the preflood period was not 
analyzed; it may have had adominant effect on many 
of the relationships. 

Effect of sowing time of deepwacri ice inter
cropped with sesame. An experiment was con
ducted at Huntra Rice Experiment Station to deter
mine the optimum time of sowing DWR intercrop
ped with sesame to obtain maximum economic re
turn. On 15 May 1991,red sesame was sown in rows 
spaced 50 or IGO cm apart. DWR variety Huntra 60 
(HTA60) was broadcast at the same time as sesame 
or at 2,4, 7, and 10 wk after sesame emerged, either 
into the sesame crop or as a separate monoculture. 
Fertilizer was 156 kg/ha of 15-15-15 NPK for ses
ame and 16-20-0 NPK for DWR. Weed and insect 
control was as recommended for sesame. 

When sesame and I)WR were sown together at 
day 0, competition from DWR reduced the yield of 
sesame to 0.55 t/ha in 50-cm rows and to 0.34 t/ha in 
100-cm rows, compared with best yields of more 
than 1.0 t/ha (Table 8). Average DWR yield was 
higher with sesame at 100-cm row spacing than at 
50-cm row spacing. In mixed stands, DWR yield was 
in turn reduced by competition from sesame, with 
greatest reduction in late-sown DWR; however, the 
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Table 7. Correlation coefficients showing relationships between envivonmental and plant 
factors in 85 farmers' fields, Thailand. 

Correlation 
Precursor Dependent factors 

With yield With grain With dependent 
component yield factors 

Stems/m preflood 1 -0.39 
Grain yield 

I -- 0.25 Harvest index 
N uptake/d of flood 
N (g/m 2)at maturity 

Stems/m preflood 1 
Dry wt/ml preflood 
Dry wt/m maturity 

Stems/m preflood 
Dry wt/m preflood 
N/m2 preflood 
N/m2 maturity 
N/d of flood 

No significant precursor 

0.34 
0.32 

Weight] 
panicle (0.22) 

0.51 
0.27 
0.60 

Panicles/m2 

(0.59) 
1 

0.24 
0.42 
0.3-
0.56 
0.25 

Dry weight 
at maturity
(0.69) 

- -0.49 Harvest index 

N uptake/day 
during flood 
(0.33) 

0.30 
0.25 
0.80 

Dry wt/panicle 
Dry wtm at maturity 
N/m at maturity 

Soil pH 1 -0.30 N/m at maturity 0.3 Dry wt/panicle 
Soil NI 0.27 (0.42) { 0.5 Dry wt/m at maturity 
N/m2 preflood 0.42 L-0.26 Harvest index 
Dry wtm preflood 0.40 
N/d of flood 0.82 

Soil pH 0.34 Harvest index 
Soil N 0.35 (0.25) 
N/m preflood -0.37 
Dry wt/stem preflood -0.25 
Cry wt/m2 preflood -0.33 

reduction was less than expected, because maximum 
water depth was only 60 cm. Financial return was 
best with DWR sown 4 wk after emergoonce of ses-
ame with 50 cm between rows. The gross income 
was double that of monoculture DWR even though 
the average yield of rice was much higher than usual. 

Intercropping deepwater rice and upland 
crops. Intercropping experiments with upland crops 
and DWR have been conducted at Huntra for 3 yr, 
using HTA60 with upland crops red sesame, Kam-
pinsaeng I mungbean, or lysun 33 hybrid sun-
flower (and an open-pollinated Myanma variety in 
1991). In 1991, DWR was sown at the same time as 
the three upland crops or broadcast 65 d after their 
emergence. Mungbean and sesame were broadcast 
or sown in rows 50 cm apart. Sunflower was sown at 
50 cm spacing in rows 75 cm apart. Plots were 

9 x 9 m, with drains constructed between them to 
remove surface wate," after heavy rains. 

Yield of upland crops and DWR are given in 
Table 9. The monozulture of DWR sown at day 0 
yielded 3.6 t/ha (relative yield 100). The season 
favored DWR recovery after harvest of the upland 
crops, and only in treatment Fwas the relative yield 
of DWR less than 100. Early competition apparently 
was not detrimental to DWR production. However, 
competition from DWR reduced the yield of sesame 
and mungbean, particularly of broadcast mungbean. 

Market prices were $0.32/kg ofmurgbean, $0.68/ 
kg of sesame, $0.28/kg of sunflower, and $152/t of 
DWR. Treatment 8 gave the highest gross income 
(relative 234) despite the relatively low yield of 
DWR. The other sesame treatments and row-sown 
mungbean also gave high incomes. Sunflower pro-
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Table 8. Average yield of DWR and sesame, Huntra Rice Experiment Station, Thailand, 1991 
wet season (WS). 

Treatment Sowing Sesame yield DWR yield 
date 

Sesame, DWRb t/ha Relative tlha Relative 

No sesame DWR day 0 15 May - - 4.2 ab 100 
Sesame 50 DWR day 0 0.55 bc 63 3.0 d 71 
Sesame 100 D\VR day 0 0.34 c 40 4.2 ab 99 

No sesame DWR 2 WE 07 Jun - - 4.7 a 111 
Sesame 50 DWR 2 WE 0.92 a 106 2.8 d 66 
Sesame 100 DWR 2 WE 0.80 ab 92 3.3 cd 78 

No sesame DWR 4 WE 21 Jun - - 4.6 a 109 
Sesame 50 DWR 4 WE 1.07 a 124 3.8 bc 90 
Sesame 100 DWR 4 WE 0.93 a 107 3.8 bc 91 

No sesame DWR 7 WE 12 Jul - - 3.8 bc 91 
Sesame 50 DWR 7 WE 1.01 a 117 2.9 d 68 
Sesame 100 DWR 7 WE 1.03 a 119 2.9 d 68 

No sesame DWR 10 WE 02 Aug - - 3..2 bc 93 
Sesame 50 DWR 10 WE 0.86 ab 99 1.0 f 23 
Sesame 100 DWR 10 WE 0.89 a 102 2.0 e 48 

CV (%) 25.5 13.5 
LSD (0.h5) 0.31 0.6 

'Row spacings of 50 and 100 cm. bWE =weeks after emergence of sesame. 

Table 9. Yield of upland crops followed by DWR or intercropped with DWR. Huntra Rice 

Experiment Station, Thailand, 1991 WS. 

Treatment Upland crop yield DWR yield 

no. Upland crop' DWRb t/ha Relative t/ha Relative 

1 B 3.6 bc 100 
2 B at 65 DE 4.6 a 129 

Mungbean 
3 Mixed B 0.29 c 25 4.1 ab 115 
4 50 cm B 0.74 b 66 4 7 a 131 
5 5n cm Bat 65 DE 1.10 a 100 3.7 bc 105 

Sesame 
6 Mixed B 0.74 b 62 4.0 ab 112 
7 50cm B 0.60 b 51 3.8 bc 107 
8 50cm Bat 65 DE 1.18a 100 3.1 c 88 

Hybrid sunflower 
9 75x50cm B 0.70 106 4.0ab 113 

10 75x50cm B at 65 DE 0.67 100 3.5 bc 99 

Open-pollinated sunflower 
11 75x 50cm B 0.23 79 4.lab 116 
1 75x50cm B at 65 DE 0.29 100 3.8 bc 105 

'Figures show spacing. bB =broadcast, DE =days after emergence of the upland crop. 
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duction was low because of poor establishment. The 
crop will not be attractive economically unless the 
germination problem can be solved. At present, 
sesame is the best of the three crops to intercrop with 
DWR in the preflood period. 

Soil nitrate accumulation and nitrogen uptake 
by deepwater rice. Appreciable soil qitrate can ac-
cumulate during the aerobic dry season fallow of 
tropical lowland ricefields, but few field studies have 
measured nitrate accumulation and loss in DWR 
systems, or their relation to production. DWR soils 
are alternately wet and dry in the first 2-3 mo of the 
growing season. Changes in soil nitrate were meas-
ured at Prachinburi and Huntra during the fallow 
preflood and early flooding periods. Dry seed was 
sown at a rate of 120 kg/ha. Soil samples were taken
from 0-20, 20-40, and 40-60 cm on plots without N 
fertilizer until deep flooding at Prachinburi and until 
harvest at Huntra. Plant samples were taken from 
preflooding to harvest. 

Mean values for the three soil layers are given in 
Figure 1. Nitrate at Huntra rapidly increased after 
commencement of wet season, decreased after 

Nitrate-N uptake Water level (cm) 

10150 
Huntra -0- Soil nitrate (ppm)

8- SPlant Nuptk
---- Water level (g/m2) 120 

6- 90 

4 - 60,,-, 60 

2 30 

10 150 

8 Prachinburi 120 

6. 90 

4- 60 


2-i 
 30 

0 50 100 150 200 250 300 
Days from 1Apr 

1. Changes in soil nitrate and plant N uptake with time at Huntra 
and Prachinburi. Thailand, 1991. 

planting, and was low during flooding. Large differ
ences in soil nitrate between the sites may reflect dif
ferences in soil microorganism activity. Measured 
soil ammonia values were less than 0.1 ppm, proba
bly because ofsensitivity to NaOH used to adjust the 
pH of the leachate to 5.5 during analysis for nitrate. 

One ppm of ititrate in the top 40 cm of soil is 
approximately equal to 1.4kg of N/ha. A comparison
of the average curves of nitrate and N uptake indi
catesamaximumofabout 12 kg N/ha as nitrate in the 
soil at Iluntra and 7 kg N/ha at Prachinburi, where-as 
the first measurements of N uptake gave nearly
30 kg/ha for Huntra and more than 20 kg/ha for 
Prachinburi. The source of this additional N is still to 
be identified. 

COLLABORATIVE RESEARCH WITH VIETNAM 
Effect of plant spacing on deepwater rice yield.
A study in Myxuyen District of Hau Giang Province 
aimed to determine optimum spacing between hills 
for four DWR varieties-Mong Chim Lun, Mot Bui,
Khmer Do, and Do Mo Coi--commonly grown in 
the region. The closest spacings (20 x 30 cm or 20 x 
40 cm) gave the highest yields, averaging 3.3-3.4 
t/ha for the varieties. 

Effect of nitrogen, phosphorus, and potassium
on deepwater rice yield. A study in Myxuyen
components, and grain yield of DWR Mong Chim 
District showed that N increased plant height, yield 
Lun from 1.5 to 2.2 t/ha. Additional P or K had no 

positive effects. 

Integrated pest management for

deepwater ricelands
 
The main thrust in 1991, nematode research in Viet

nam, showed that water control could result in a
 
drastic reduction in the occurrence of ufra disease.
 
Other research on integrated pest management (IPM)
 
was built into th, collaborative programs with Bang
ladesh, India, and Thailand, which were developed
 

under a pr(--,-:', assisted by the Asian Development
Bank. The project, which terminated on1991, 28 Febaimed to help national programs develop acoordinated IPM system within and between DWR 

areas of South and Southeast Asia. 

COLLABORATIVE RESEARCH WITH VIETNAM 
Plant-parasiticnematodes and deepwater rice in 
the Mekong Delta. Populations of root-parasitic 
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Table 10. Average absolute densities (D)per dm3of soil 
and g of root, and absolute frequency IF)of occurrence 
1%of fields where the species has been detected) of 
root-parasitic nematodes as,--ciated with DWR in the 
Mekong Delta. 
MekongDelta•_ 


D FNematode species 

Hirschmanniella oryzae 
1238 99Soil 

49 99Root 
Hirsch.nanniella mucronata 

96Soil 191 
4 77Root 

Meloidogyne graminicola 
408 20 

Root 
Soil 

39 20 
Tylenchorhynchus annulatus 

261 5Soil 
12 11Root 

nematodes associated with DWR were estimated in 

164 farmers' fields scattered among the DWR-grow-

ing areas in five provinces of the Mekong Delta in 

Vietnam. Samples were collected in fields where 

water depth ranged from 50 to 350 cm. IR66 and 

IR42 were the main cultivars grown in shallow water 
areas, whereas traditional varieties Hay Ran, Do 
Lun, Do Mo Coi, and Nang Soi were grown in deep 

flooding areas. Four nematode species were present 

(Table 10). 
Rice-root nematodes Hirschmanniellaoryzaeand 

H. mucronatawere omnipresent at high population 

densities. Pathogenic to rice and capable of catising 

yield losses in irrigated rice under field conditions, 

they are potentially important pests as irrigated rice 

progressively replaces DWR (Table 11). M1eloido-

gyne graminicola, present in high populations in 

20% of the fields and pathogenic to DWR, may 

locally cause yield losses, 
In 1990, 1,730 ha in provinces of the Mekong 

Delta were damaged by ufra disease, which is caused 

by the stem nematode Dity/enchus angustus. In the 

past 15 yr, however, the area damaged appears to be 

decreasing (Table 11). The development of supple-

mental irrigation facilities has allowed the progres-

sive abandonment of low-yielding DWR in favor of 

one or two high-yielding irrigated rice crops during 

the dry season. This change in agricultural environ-

ment seems to have reduced ufra disease occurrence. 

COLLABORATIVE RESEARCH WITH BANGLADESH 

Yellow stem borer egg predation. Use of sticky 

traps with yellow stem borer (YSB) egg masses in 
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Table 11. Areas damaged by Ditylenchusangustus and 
land use in different years in 5 provinces of the Mekong 
Delta. 

Damaged Area planted (ha) 
Year area 

(ha) Deepwater rice Irrigated rice 

Cuu Long 
1985 2,798 141,970 40,824 
1988 1,133 105,845 75,366 
1990 906 95,245 80,870 

Dong Thap 
1976 60,000 110,839 0 
1981 10,000 80,000 0 
1990 20 15,000 60,000 

Hau Giang 
1982 17,900 320,517 27,378
 
1985 3,700 296,242 56,100
 
1988 1,284 252,068 71,287
 
1990 804 210,830 104,323
 

An Giang1976 
196 2,500 152,692 31,509 

1980 210 145,875 79,066
 
1985 5 83,964 97,632
 

37,347 141,210
1990 0 

Beu Tre 
1976 10,000 83,975 0
 
1980 71 54,834 3,500
 
1985 62 63,133 19,160
 
1990 0 53,420 23,536
 

the fields and subsequent tests in the laboratory 

indicated that the meadow grasshopper Conocepha
!us Iongipennis (de Haan) is the lone '(SB egg 

predator in Bangladesh. Field monitoring in four rice 

crops of boro, aus, transplanted Aman, and DWR 

showed very low average egg mass (10%) and egg 

predation (7.3%), with 10.6% egg mass and 8.5% 

egg predation in DWR. The results indicate that the 

role of egg predators in YSB population suppression 

is insignificant. 
Varietal tolerance for yellow stem borer. 

Twenty deepwater and tidal wetlands rice cultivars 

were evaluated by artificial nfestation in a con

trolled water pond. One set ofplots was infested with 

5-d-old, unparasitized YSB egg ma. -s at the rate of 

three egg masses per ninL hills. The acceptable level 

of YSB resistance was set at !ess than 5% yield loss 

in infested plots. Tidal wetlands rice cultivar Da

tarangi and the DWR advanced breeding line 

Habiganj Aman II-HR48 were selected as YSB

resistant lines. Both were also resistant in 1991. 
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Tablo 12. Rice entries with different susceptibility reactions to ufra. Bangladesh Rice
Research Institute (BRRI), 1991. 

Materials and 
source 

DWR, BRRI 
IRUN, IRRI 
F IRRI 
Other BRRI rice 

Rice entries, (no.) 

HR R MR MS S HS Total 

0 0 3 91 89 100 238
0 2 7 7 9 13 38 
0 6 3 0 5 13 27 
0 10 18 4 16 143 191 

'HR =no stem infestation, R = 1-20% stem infestation, MR =21-40% stem infestation, MS =41-60%stem infestation, S=61-80% stem infestation, HS =81-100% stem infestation. IRUN = International 
Rice Ufra Nursery. 

Screening entries for ufra resistance. Resis-
tance to the ufra nematode was assessed in 384 DWR 
varieties and breeding lines, including 38 entries 
from the International Rice Ufra Nursery (IRUN) 
and 27 selected F3 populations from IRRI. Screening 
and scoring followed the standard procedure speci-
fied in the IRUN field book. Eighteen were found 
resistant and 31 moderately resistant (Table 12). 
Four entries (IR59239, IR63188, IR63225, and 
IR63226) had R-MR reaction (1-40% stem infesta-
tion) both in F, and F3. 

Effect of leaf cutting on ufra incidence and 
yield. Farmers in many areas of Bangladesh tradi-
tionally cut leaves and terminal stems of DWR at the 
elongation stage. We investigated the efficiency of 
this practice in reducing ufra incidence in a deepwa-
ter pond. With cutting 2-4 times, stem infestation 
was less than 70% and rice yielded 0.26-0.92 t/ha; 
however, with 0-1 cutting, stem infestation exceeded 
80% and yield decreased to 0.20 t/ha. Nematode 
recovery was 1-4/cut shoot. Herbage production in 
the leaf cut treatments was 2.2-5.8 t/ha. 

Effect of silicon on susceptibility to ufra. In 
l 9 9 0, incorporation ofcalcium silicate and rice husk 
into the soil increased silicon content in the leaf 
sheath and reduced ufra infestation in a susceptible 
variety. A similar result was observed in 1991. Ufra 
infestation in treatments with calcium silicate and 
ricehusks was45-58%compared with 74-84% in the 
control. 

COLLABORATIVE RESEARCH WITH INDIA 
Management of ufra through cultural methods. 
An experiment to develop a suitable cropping sys-
tern to reduce the stem nematode D. angustuspopu-
lation in DWR was conducted in a field subject to 
severe outbreak in Assam. Six DWR varieties were 
either direct seeded on 28 M, .91 or transplanted 

on 4 Jun 199 1.The percentage of ufra-infested tillers 
averaged 73.8% in the direct sown crops and 12.5% 
in the transplanted crops. 

Screening deepwater rice for ufra resistance. 
At the test site in Assam, high ufra damage had 
caused total DWR failure during successive seasons. 
Of 19 entries, RDA-B-Sel, RDA 14, RDA3, RDA
16 -0 6 -1-2, and RDA-B-Sel-7 had less than 9% infes
tation, compared with more than 95% in the suscep
tible checks Neghiri and Rangabao. 

Stem borer tolerance. There are no stem borer
resistant varieties. This experiment in Assam tested 
tolerance for infestation under field conditions. 
Twenty DWR varieties either were protected by 
spraying with monocrotophos at 15-d intervals after 
transplanting until the late elongation stage, or were 
left unprotected. Dissection of the stems at maturity 
showed a relatively low level of infestation. Sprayed 
plants averaged 16% infested stems and unsprayed 
plants 23.8%. Sprayed entries had no significant 
difference in infestation, but in the unsprayed plots 
the variety Herepi had the lowest infestation at 
14.6% and Amana the highest at 33%. Average 
yields over the 20 varieties were 2.6 t/ha for the 
sprayed plants, and 2.0 t/ha for the unsprayed plants. 

Studies on DWR in Orissa indicated some vari
etal differernces in tolerance for stem borer. Applica
tion of phosphamidon to late-planted DWR at the 
boot leaf stage increased yield from 0.8 t to 1.1 t/ha. 

Rice-fish culture. Fingerlings of the common 
carp (Cyprinus carpio) were released on 28 May 
1991 at 1/m 2 into plots transplanted on 15 May with 
DWR Maguri. Treatments were DWR alone, with 
fish, and with fish plus feed supplements. Fish were 
harvested in mid-November. The highest fish pro
ductiui, was 1,596 kg/ha with supplement of rice 
bran plus mustard oil cake. Without supplement the 
fish yield was 1,200 kg/ha Grain yields were 2.7 
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t/ha without fish and 3.1 t/ha with fish. The net return 
was $42/ha for rice alone, $820/ha forrice + fish, and 
$916 for rice + fish + supplement. 

CONCLUSION AND NEXT STEPS 

In 1992, research on DWR lands will focus on 
building the strength of the program through en-
hanced collaboration with NARS. The program 
appeared to be seriously weakened by reduction in 
DWR plant breeding input, but adjustments have 
been made within IRRI and good progress is being 
made by Thailand in strengthening its breeding 
program to undertake much of the responsibility for 
Southeast Asia. These efforts will be supported by 
the other national programs, particularly in Cambo-
dia, India, and Vietnam. Collaborative research on 
IPM in DWR will be expanded in eastern India 
during 1992. The Indian Council of Agricultural 
Research has already approved funding for an en-
larged IPM project following the success of ourjoint 
project with the Asian Development Bank for 
strengthening research on IPM in Uttar Pradesh, 
Assam, Bihar, and Orissa. 

Subprogram I1: Improved 
productivity and sustainability of 
tidal wetland rice 

Soil-related stresses are predominan, in tidal wet-

lands. Productivity will be improved by appropriate 
combination of tolerance genes of traditional varie-
ties and water management technologies that reduce 
stress. 

Improved germplasm and 
management for tidal wetland rice 
The project aims to conduct prebreeding and soil and 
water management research that will help NARS 
develop better varieties and management technolo-
gies for tidal wetlands. 

SALINITY 
Mass screening. Salinity constrains high yields in 
many tidal wetlands. Using salt-tolerant rices will 

increase present yields and expand cultivated areas. 
A total of 2,136 breeding lines and accessions of the 

International Rice Germplasm Center were screened 
in the greenhouse using Maahas clay salinized to 
electrical conductivity (EC) 10 dS/m with NaCI. 

118 IRRI program report for 1991 

Highiy tolerant types identified were included in 
IRRI's hybridization block for crossing purposes. 

Genetic components of salinity tolerance. 
Genetic components of salinity tolerance in rice 
were investigated by a nine-parent complete diallel 
crossing of susceptible (1R28, IR29, and MI-48), 
moderately tolerant (IR4595-4-1-13, 1R9884-54-3-
lE-PI, and IR10206-29-2-1), and tolerant (Nona 
Bokra, Pokkali, and SR26B)parents. Two-week-old 
seedlings were grown in salinized (EC = 12 dS/m) 
culture solution under controlled conditions at the 
IRRI phytotron. After 19 d, when susceptible varie
ties were severely affected, shoots of all entries were 
analyzed for Na and K. 

Some susceptible parents absorbed less Na*, and 
thus were classified as moderately tolerant. Some 
tolerant parents could be classified as moderately 
tolerant and vice versa. However, no susceptible 
variety could be reclassified as tolerant, nor a toler
ant variety as susceptible. The same trend was ob
served with K' absorption. However, for the Na:K 
ratio, classification as susceptible, moderately to!er
ant, and tolerant was clearly delineated and could be 
used as a valid criterion in measuring salinity toler

ance. 
Table 13 presents the estimated genetic compo

nents of variation and proportional values. Additive 
and dominance components and environmental ef
fects showed significant influences. These revealed 
the complexity of salt tolerance. Low Na:K ratio in 

the shoot is controlled both by additive and domi
nance gene effects. Two groups of genes were found 

Table 13. Estimates of genetic parameters for Na:K 
ratio in 9 x 9 diallel crosses. 

Genetic parameters Estimate ±SE, 

tD) Additive effect 0.0014 +_0.0002* 
(H)Dominance effect 

0.0016 ± 0.0005*H1 
H 0.0007 ± 0.0004"' 
gi? f i e0.0011 ± 0.0003* 

(F)Gene distribution 0.0019 ± 0.0005* 
(E)Environmental effects 0.0006 ± 0.0001* 

Proportional values 

(h,/D)' a Mean degree of dominance 1.0701 
(h/H ) Number of gene groups 1.6273 

which control tolerance
and exhibit dominance 

(h,) Heritability narrow sense 0.1918 
significant, ns = not significant. 



tocontrol tolerance and exhibit dominance. The first 
group may control the Na exclusion and the other K ' 

absorption. The mean degree ofdominanice iswithin 
the range of overdominance, i.e., some hybrids are 
more tolerant than their parents. 

The extensive environmental influence and low 
heritability (19.18%) suggest that salt-tolerant phe-
notypes selected in an early generation may not be 
tolerant in subsequent generations. 

Analysis of variance of combining ability esti-
mates showed highly significant difference in gen-
eral combining ability (GCA) and reciprocal effects 
and significant difference (at 5%) for specific corn-
bining ability (SCA) effects. Also, the influence of 
additive gene action in the inheritance of salinity 
tolerance was more significant than nonadditive 
gene action. 

Among the varieties tested. IR4595-4- 1-13 was 
the best combiner. IR9884-54-3-IE-PI, Pokkali, 
IR29, and Nona Bokra were good combiners, exhib-
iting high, desirable negative GCA values. M 1-48, a 
susceptible parent, was an extremely poor combiner, 
showing very high, undesirable positive GCA val-
ues. The best combiners will produce salt-tolerant 
progenies when crossed with other varieties. How-
ever, the highly significant reciprocal effects sug-
gest, that IR29 must be the male and Nona Bokra the 
female parent in the hybridization program to im- 
prove their combining abilities, 

The SCA effect values showed that the best 
combination, IR9884-54-3-IE-PI/IR4595-4-1-13, 
exhibited high,desirable negative SCA values. Other 
good specific combinations were IR9884-54-3-IE-
Pi/IR29, Nona Bokra/IR28, SR26B/IR28, SR26B/ 
Pokkali, and Pokkali/IR29. Significant reciprocal 
effects for SCA imply that the male and female 
parent must be selected correctly. For the first two 
best combinations, low reciprocal effect values 
suggest that the choice of nale and female parent is 
not important. However, for the three other identi-
fled best specific combiners, susceptible varieties 
(IR28 and IR29) must be used as males and tolerant 
varieties (Pokkali and SR26B) must be used as 
females to obtain a better hybrid. These significant 
heerotic effects suggest good potential for develop-
ing salt-tolerant hybrid rices, 

These findings have implications for breeding 
salt-tolerant rice varieties: I ) parents must be chosen 
carefully, 2)a wide range of early generation breed-
ing materials must be available, 3) selection for 

tolerance must be delayed to generations when 
unpredictable gene effects are dissipated, and 4) 
environmental variables must be minimized during 
the development of hybrids. 

Improved donors for salt tolerance. Among the 
several thousand varieties and breeding lines screened 
for salt tolerance, traditional varieties Cheriviruppu, 
Nona Bokra, and Pokkali are the most tolerant. 
These varieties, however, are of poor plant type, are 
susceptible to pests and diseases, are photoperiod 
sensitive, and have poor grain quality. Hybrids with 
them rarely produce desirable genotypes and previ
ous attempts to transfer their salt tolerance to an 
improved plant type have been unstrccesfu!. 

In 1987, we crossed IR28, a semidwarf, high
yielding, salt-sensitive variety with Nona Bokra. 
Segregating generations were evaluated by planting 
2-wk-old seedlings on salinized culture solution (EC 
12 dS/m obtained by I: 1of NaCl and CaC,) for 6 wk 
in the phytotron. Using the parents as checks, plants 
that exhibited high levels of salt tolerance were 
selected, and shoot samples were taken for Na analy
sis. The plants were then grown to maturity on 
nornal soil. Individuals with low Na content and 
good plant type at maturity were selected to establish 
the next generation. We used the pedigree method to 
isolate by the F7 generation six agronomically uni
form lines with improved plant type. These lines' 
salt tolerance was studied in depth during the 1991 
dry season. We grew 2-wk-old seedlings on salin
ized culture solution (EC 10 dS/m) for 6 wk in the 
phytotron, with 1R28 and Nona Bokra as checks. 
There were three replications and each replication 
had five plants per test entry. We measured seedling 
height, shoot weight, root weight, and Na and K 
content of shoots and roots at the end of the saliniza
tion period. 

All the new lines show alevel of vegetative phase 
salt tolerance comparable with or better than that of 
Nona Bokra. Reduced seedlingheight androot weight 
due to salinity in the new lines was less than in Nona 
Bokra (Table 14). The Na:K in shoots and roots 
showed that some lines possess greater tolerance 
than Nona Bokra. The new lines, as in the case of 
Nona Bokra, retained most of the absorbed Na il l Ll 
roots. 

Five of the six lines were tested for yield under 
stress conditions in the phytotron by growing on 
salinized (EC 10 dS/m) sand culture from the 
21-d-old seedling stage to maturity. There were four 
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Table 14. Effect of salinity on seedling height, shoot weight, root weight, and shoot Na:K 
of improved salt-tolerant donors and their parents. IRRI, 1991 DS. 

Designation 

IR63731-1-1-1-1-2 
IR63731-1-1-1-4-3 
IR63731-1-1-3-3-2 
IR63731-1-1-4-2-3 
IR63731-1-1-4-3-2 
IR63731-3-5-14-1-2 
IR28 
Nuna Bokra 

Percent increase or decrease (-

Seedling ht Shoot wt Root wt Shoot Na:K 

-5.0 -7.2 -21.8 108 
-8.1 -8.2 -28.0 83 
-5.3 -8.1 -20.2 84 
-3.7 -7.1 -27.4 55 
-7.1 -3.4 -17.8 176 
-7.6 -2.6 -19.4 104 
-6.7 -23.7 -44.4 433 

-13.8 1.8 -36.1 136 

Table 15. Some agronomic characteristics and yields of photoperiod-sensitive lines or 
varieties grown under tidal wetland uonditions in San Jose, Pampanga, Philippines, 1990
91. 

Culm 
Designation ht Lodging 

(cm) (%) 

Bg 407 109 0 
IR39537-4-2-2-3 67 0 
Wagwag (check) 137 100 
IR37260-6-1-1-1-6-1 106 0 

replications, and each entry had five plants per 
replication. Due to space limitations, plants were 
spaced at 9 x 9 cm. IR28 and Nona Bokra were the 
checks. Results confirmed that the new lines possess 
a salt tolerance level equ I to or higher than that of 
Nona Bokra. Grain yield per plant from Nona Bokra 
was 57% higher from Nona Bokra than from IR28. 
For the improved lines the increase ranged from 47% 
in IR63731-1-1-3-3-2 to 157% in IR6373 I- 1-1-4-3-
2. Tile results also revealed that salt tolerance and 
modem plant type characteristics can be combined, 
These lines will be included in INGER's Interna-
tional Rice Salinity Tolerance Observational Nurs-
ery beginning in 1992. 

Photoperiod-sensitive varieties. Tidal wetlands 
of northern Luzon. Philippines, are planted to pho-
toperiod-sensitive traditional varieties. Three im-
proved photoperiod-sensitive varieties (two from 
IRRI and one from Sri Lanka) and the popular 
Philippine variety Wagwag were evaluated in a 
farmer's field in San Jose, Pampanga, northern Luzon. 
The test site represents moderately saline tidal wet-
lands. Following farmer practices, only N (25 kg/ha) 
was added at maximum tillering. Because of heavy 
rains and flash floods, salinity did not affect the test. 
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Tolerance for Yield 
- (t/ha) 

Submergence Salinity 

9 3 4.7 a 
9 9 4.6 a 
9 9 4.2 a 
9 3 3.6 b 

Test entries did not significantly outyield Wagwag 
(Table 15). Moreover, the level of photoperiod sen
sitivity of IR lines was inadequate to suit local 
climate conditions. Bg 407 had the same level of 
sensitivity as Wagwag and greenhouse tests showed 
it to be more tolerant than Wagwag. Bg 407 was 
therefore selected for multilocation farmer field tests. 

ACIDITY 
Multiple stresses occurring in acid soils include Fe 
toxicity, P deficiency, and K deficiency. We con
ducted experiments on acid soils in farmers' fields in 
San Dionisio, Iloilo, and Pangil, Laguna. The San 
Dionisio site is rainfed acid lowland (pH 4.3, 2.1% 
active Fe, 1.5 ppm available P, nil exchangeable K). 
The fields receive a lateral flow of Fe from the highly 
weathered highland. In Pangil, Laguna, the fields are 
irrigable, and the soil is acidic and P deficient (pH 
4.3, 2 ppm available P). 

Growth-limiting factors. Ai split-plot experi
ment with fertilizer (NPK, NP, NK) in the main plots 
and variety (14 cultivars) in the subplots was con
ducted in San Dionisio. K deficiency proved to be the 
growth-limiting factor in rice: 1) visual symptoms 
correlated with K content of plant tissue at 8 wk after 



Table 16. Means of different variables of fertilizertreatment in an acid soil at San Dionisio 
(Tropaquult) deficient in K and P. 

Fertilizer Deficiency Content in plant Grain 
yieldtreatment score Mn (ppm) Fe (ppm) P (%) K (%) P:K (t/ha) 

NPK 4.3 ab 145 a 317 a 0.225 a 1.51 a 0.16 ab 2.0 a 
NP 4.7 a 155 a 359 a 0.272 a 0.99 c 0.40 a 1.4 b 
NK 3.8 b 146 a 310 a 0.287 a 2.18 a 0.14 b 1.8 a 

Table 17. Some agronomic characteristics and grain yields of Fe toxicity-tolerant lines 
under acid soil conditions. San !rionisio,Iloilo, Philippines, 1990-91. 

Designation Maturity Culm ht Fe toxicity Yield Yield 
(d) (cm) score (t/ha) (kg/d) 

IR24637-38-2-2-1 113 
IR74 (check 1) 130 
IR31361-8-3-2-2 136 
IR53649-AC3 125 
Mahsuri (check 2) 136 
IR31432-7-2 123 
IR8192-200-3-3-1-1 125 
IR29137-16-1-6 125 
IR31376-1-2-1-1 162 
IR37260-6-1-1-1-6-1 162 
IR9764-45-2-2 160 
IR51485-AC1-6 161 

transplanting; plant K decreased when only N and P 
were applied, and 3) grain yield was significantly 
lower without K (Table 16). An antagonistic rela
tionship between K and P is suggested: plant K 
content is higher when K is applied singly than when 
it is combined with P. The P:K ratio in plant tissue 
ccrrelated negatively with grain yield. K deficiency 
must be corrected before P is applied. 

Yield trial. Ten advanced breeding lines identi-
fied in previous tests as tolerant of P deficiency and 
Fe toxicity were evaluated for yield in San Dionisio. 
IR72 and Mahsuri were used as checks. The trial was 
fertilized with 50 kg N/ha (urea), but no P or K was 
added. IR24637-38-2-2-1 outyielded Mahsuri and 
was comparable with IR74 (Table 17). Under rainfed 
conditions, however, its yield per day is higher than 
that of either Mahsuri or IR74. IR24637-38-2-2-1 
was selected for distribution to NARS. 

P deficiency. A P-deficient, lowland, irrigated 
soil in Pangil, Laguna, was used to identify P-
efficient varieties for the hybridization program. 
During the year, 32 rices were tested without P and 
with 25 kg P/ha added. IR64, IR74, IR37873-16-2

71 3 4.2 a 37 
50 3 3.7 ab 29 
97 2 3.4 abc 25 
74 5 2.9 bc 24 
90 3 2.7 cd 20 
71 5 2.6 cde 21 
66 5 1.9 def 15 
50 7 1.9 efg 15 
75 2 1.6 fg 10 
77 3 1.5 fg 9 
65 7 1.4 fg 9 
75 3 1.0 g 6 

3, and IR41996-118-2-1 yielded more than 3 t/ha 
whether or not P was applied. 

GENERATION OF BREEDING MATERIALS
 
In 1991 we produced 50 advanced breeding lines for
 
acid and acid sulfate soils, and 40 for saline soils.
 
They were given to collaborating NARS (India,
 
Indonesia, Sri Lanka, Thailand, and Vietnam) for
 
evaluation and selection at their key sites.
 

FUTIURE PLANS 
Prebreeding research related to soil stresses will be 
continued. For salinity tests, we will attempt to 
developasimplescreeningmethodforNaexclusion. 
We will investigate the salinity tolerance mecha
nism of newly developed lines, initiate research on 
the submergence tolerance mechanism, and con
tinue to generate breeding materials for the use of 
NARS. In collaboration with NARS, we will per
form experiments to establish an understanding of 
processes in acid and acid sulfate soils associated 
with different water regimes. 
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Research programs 
Cross-ecosystems research 

SUBPROGRAM I: GERMPLASM EVALUATION 
 127 
Evaluation of conserved germplasm 127
 

Efficient use of IRRI's germplasm collection (IRGC) 127

Improved classification of unimproved germplasm (IRGC) 
 127
 
Molecular evaluation of gerrnplasm diversity (PBGB) 128
 
Screening wild collections for tungro resistance (PBGB) 128
 
Screening for resistance to bacterial blight (PP) 130
 
Blast resistance of wild Orvza species (PP) 130
 

131
Prioritizing germplasm screening (PBGB) 

Next steps 132
 

SUBPROGRAM II:
GENOME MANIPULATION 132 
Saturated genetic maps 133
 

Development and characterization of novel aneuploid stocks (PBGB) 

134
 

133 
Chromosomal location of isozyme loci (PBGB) 

RFLP mapping population (PBGB) 135
 
DNA library (PBGB) 135
 
Tagging genes for bacterial blight resistance (PBGB, PP) 136
 
RFLP survey of 0. longistaminata germplasm (P 'GB) 137
 
RFLP survey of tungro-resistant germplasm (PBGB) 137
 
RFLP survey of doubled haploid (DH) lines (PBGB) 138
 

Novel genetic variation 138
 
Genomic relationship (PBGB) 138
 
Interspecific hybrids through embryo rescue (PBGB)

Alien gene transfer (PBGB) 139
 

139
 

A new male sterile line tPBGB) 141
 
Evaluation of lines derived from anther culture (PBGB)

Protoplast culture and plant regeneration (PBGB) 143
 

142
 

Next steps 145
 

146

SUBPROGRAM III: ECOSYSTEM CHARACTERIZATION AND IMPACT ANALYSIS 

Biophysical and socioeconomic characterization 146
 
146 

Integrated pest survey in Central Luzon (PP) 


Rice-growing environments in Bahraich, Uttar Pradesh, India (APA) 

157

Characterization and simulation for riceland management and productivity 
 162 
162

Quantifying the effect of blast on rice growth 

Application and improvement of simulation models (APA) 


and production (APA) 162
 
Influence of soil structure on water relations (APA) 163
 
Combining GIS and a rice crop simulation model (APA) 164
 
Knowledge sharing of simulation methodology (APA) 166
 

Socioeconomic impact and rice projections and policy analysis

Varietal improvements, yield change, and income distribution: 

168 
acase study ofLanpung, Indonesia (SS) 16-3 



SUBPROGRAM IV: PEST SCIENCE AND MANAGEMENT 177
 
Seed health 177
 

Bacterial pathogens associated with seed and sheath discoloration (PP) 177
 
Biology and physiology of rice pests and beneficial organisms 180
 

Rice genotype effect on natural enemies (E) 180
 
Three new Xanthomonas orvzae pv. or)tae races (PP) 181
 

Diagnostic techniques for virus disease monitoring 182
 
Indicator variety for rice tungro spherical virus (PP) 182
 
Assay using antiserum against noncapsid protein of rice grassy stunt virus (PP) 183
 
DNA probes to detect rice yellow dwarf (RYD) agent (PP) 184
 

Pest population dynamics 185
 
Systems simulation of leaf blast epidemic in the tropics (PP) 185
 
Characterization of rice tungro disease incidence (PP) 185
 

rice-weed interactions 'APA) 188
Qu.ntifying 
Leaf blast-leaffolder interaction in lowland rice (PP, E) 190
 

Pest-yield interactions 191
 
Coupling pest damage effects to a rice model (PP, E) 191
 

SUBPROGRAM V: PLANT. SOIL, WATER, AND NUTRIENT PROCESSES 193
 
Soil and fertilizer nutrient dynamics 193
 

Model of the fate of N fertilizer (SWS) 193
 
Root traits governing rhizosphere conditions (SWS) 195
 
Effect of rhizosphere conditions on N uptake (SWS) 198
 
Effect of pH and redox conditions on silica sorption by soil (SWS) 199
 

SUBPROGRAM VI: RICE GRAIN AND SEED QUALITY, POSTHARVEST AND BIOMASS ISSUES 202
 
Rice grain and seed quality 202
 

Susceptibility to cracking during moisture adsorption (PBGB) 202
 
Grain quality of wild rice parents (PBGB) 202
 
Location and water management and quality (PBGB) 202
 
Resistant starch of raw and processed rice (PBGB) 203
 
Improved hardness test through amylopectin staling (PBGB) 203
 
Pasting properties of rice with rapid VISCO anil'yzer (PBGB) 203
 

Posth~lrvest and biomass issues 203
 
Stripper-harvesting systems engineering (AE) 203
 
Thresher developments (AE) 208
 
Drying (AE) 208
 
Milling (AE) 208
 
Continuous rice husk ga:sifier-combustor for drying rice (AE) 209
 
Double-basket rice hull burner (AE) 209
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Cross-ecosystems research
 

Many issues affecting rice production and 
productivity are ecosystem-neutral or cut 
across several types of ecosystems. The 
Cross-ecosystems Research Program meets 
the challenges provided by these issues by
fielding critical masses of scientists in 
projects that focus on upstream research 
and accelerate the application of new con-
cepts and tools to rice research and issue 
resolution. The objectives of the program 
are to 1) use and/or develop modern scien-
tific tools, methods, and knowledge for ad-
dressing current and anticipated rice produc-
tion problems common to several ecosys-
tems at differen levels of integration, and 2) 
develop promising technologies that might 
be derived from more basic research avail-
able to national programs. 

In 1991, we further sharpened our focus 
by adopting thrusts in the following subpro-
grams: germplasm evaluation; genome 
manipulation; ecosystem characterization 
and impact analysis; pest science and 
management; plant, soil, water, and nutrient 
process; and rice grain and seed quality, and 
postharvest and biomass issues. 

Characterization of traditional varieties 
and wild rice species is a prerequisite to 
sustained rice improvement across ecosys-
tems. Research was done on 1) evaluation 
methods, systematic evaluation, and analy-
sis of the behavior of genes identified; 2) 
coordination and analysis of evaluation data; 
and 3) the supply of germplasm and related 
information to collaborators associated with 
the international program on germplasm 
conservation dissemination. Classification of 
conserved germplasm was improved in 1991 

by incorporating isozyme profiles into the 
International Rice Germplasrn Center (I3GC) 
data base. The data can now allow choice of 
germplasm for breeding purposes, which 
represent broad genetic diversity. The 
International Rice Genealogy Data Base 
(IRGDB) was completed, with 3,600 varieties 
and 100,000 crossing records, and is now 
available for routine user queries. Screening 
work showed that two Oryza species from 
Africa, 0. glaberrima and 0. barthii, exhib
ited severe necrosis, and may offer a source 
of genes for immunity from rice tungro 
disease (MTD). 

Manipulation of the rice genome has long 
been a major focus of IRRI research. New 
techniques being developed in this program 
should allow relatively more rapid, precise 
manipulation of plant genomes. Further 
application of these techniques to rice will 
speed the development of improved rice 
varieties in all ecosystems. In 1991, new 
hybrids were produced through embryo 
rescue using Oryza sativa and eight wild 
species. The hybrids will be useful in breed
ing for resistance to yellow stem borer (YSB) 
and RTD. Progress was also made in marker
assisted selection when we tagged a reces
sive gene, xa-5, for bacterial blight (BB) 
resistance with three markers. The program 
also introduced new molecular marker tech
nology to IRRI through the use of random 
amplified polymorphic DNA (RAPD), which 
allows more rapid gene tagging than restric
tion fragment length polymorphism (RFLP). 
Further progress was made in transforming 
and regenerating indica rice. 
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Since optimization of nutrient and water 
management is a key issue in many rice-
producing systems, special attention is 
focused on processes that determine water 
and nutrient availability in the soil, uptake by 
the plant, and the utilization of water and 
these nutrients by the crop. In 1991, we 
further developed root gas transport and 
rhizosphere chemistry models and docu-
mented the software. Results show that rice 
rhizosphere conditions greatly influence N 
transport to absorbing root surfaces. 

Pests-insects, weeds, pathogens, ro-
dents, birds, and nematodes-continue to 
threaten the stability of rice production. In 
1991, we emphasized strategic research 
needed to develop technologies for imple-
menting integrated pest management (IPM) 
as an economically efficient and environ-
mentally sound approach to pest control. 
Research was on the etiology, biology, and 
population dynamics of pests and predators, 
and on pest-rice interactions. We completed 
the first exhaustive study of arthropod com-
munity structures in rice ecosystems and 
showed that pest populations are more 
resilient to insecticide interferences than are 
predators. Several new diseases were 
studied, such as the leaf yellowing symptom 
in Vietnam. Strain differences in the rice 
tungro bacilliform virus (RTBV) were evalu-
ated for their contribution to symptom 
expression. Using RFLP analysis, we ascer-
tained that host diversity did not always 
result in diversity of the BB pathogen. Within 
the program, we have also quantified the 
relative importance of leaf-feeding insects at 
different rice growth stages and showed that 
early applications of insecticides against 
these insects may lead to destruction of 
predators of other insects. Models of the 
population dynamics of key pests such as 
brown planthopper (BPH) and blast (BI) were 
further validated in 1991 for use as tools to 
delineate zones of high risk for these pests. 
In addition, the effects of BPH and BI on 
yield were successfully simulated by two 
rice models. 

Several aspects of rice grain quality were 
studied in 1991. A core collection of 
germplasm from IRGC was analyzed for 
amylose, gel consistency, alkali spreading 
value, glutelin, and waxy gene protein. 
Eleven wild rice species used in wide hy
bridization were found to be similar to 
cultivated rice in amylose, alkali spreading 
vajue, and lysine levels in protein. 

Our activities in ecosystem characteriza
tion led to completion of mesolevel analyses 
in East India for upland and rainfed hkwland 
systems. A sample survey procedure was 
also initiated in East India for pest charac
terization using correspondence analyses. 
Simulation models were used in conjunction 
with geographic information systems (GIS) 
to define yield reductions in a Philippine 
province. The link between characterization 
and impact analysis and research prioritiza
tion was fu;,her strengthened by these case 
studies. The long-term socioeconomic and 
environmental impact of new rice technolo
gies reflects the value of rice research to 
society. Research conducted in 1991 aimed 
to 1) develop new methodologies for impact 
assessment, 2) promote their empirical 
application, and 3) synthesize their results. 
The focus was on ex ante impact assess
ment for effective research planning or 
prioritization. We initiated the development 
of country and global rice supply-demand
trade models for technology impact assess
ment, medium- and long-term projections, 
and policy analysis. A workshop was con
ducted to stimulate activities for more 
formal methods of research prioritization at 
national and international levels. The world 
rice statistics data base was updated with 
assistance from national programs and was 
published for wide dissemination. The 
program was also a major sponsor of the 
international symposium Systems Ap
proaches for Agricultural Development, held 
in Thailand, in December 1991. 
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Subprogram I:Germplasm genetically diverse and are thought to 	have someevaluation traits that may suit them to the conditions o' the 
consortia sites (Table 1).

To sustain rice research for crop improvement over 
diverse ecosystems, conserved germplasm of rice IMPROVED CLASSIFICATION OF UNIMPROVED 
cuti,-rs and wild relatives must be evaluated for GERMPLASM 
useful agronomic traits. This subprogram's activi- Accurate classification of rces into their principal
ties will I) streamline and accelerate the evaluation varietal groups is essential to help germplasm usersof lRRI's conserved germplasm for important traits, such as plant breeders and scientists conserve the
2) develop new methods of evaluation, and 3) make germplasm. Morphoagronomic characteristics do
information from evaluations more easily available not provide data accurate enough to use as a basis forto users via improved electronic communication varietal classification. Consequently, we have used
hardware and software. In 1991, evaluation activi- isozyme classification to consolidate past informaties became more focused on desired traits in specific tion on more than 2,000 accessions into the central
rice-growing environments and on the needs of na- data base and we are adding to this information.
tional systems. Specific sets of conserved germplasm for which 

passport data are available are being analyzed. WeEvaluation of conserved germplasm have focused on varieties from Sumatra, where one 
new consortium site is located. So far, 153 varietiesEFFICIENT USE OF IRRI's GERMPLASM have been analyzed. These varieties can be evaluated 

COLLECTION for various traits at the site.
In recent years, we have used different approaches to Furthermore, in collaboration with scientists fromprovide scientists with sets of germplasm specific to the National Institute of Agricultural Sciences in
their needs. Special purpose collections with the Vietnam, we have been analyzing the varietal diverbreadth ofgeneiic diversity ofthe entire collection or sity of germplasm from villages in northwest Viet
which are known or believed to have one or more nam to obtain a better understanding of the relation
valuable traits have been prepared. Previously, we ship between varietal diversity, eth'nic group, and
had limited evaluation data from sites other than cultural type (Table 2). Such detailed information isIRRI. To use the research consortia sites with their expected to be helpful for national agricultural re
ecological conditions, we prepared srniall nursery search systems (NARS) and IRRI outreach scientists 
sets of about 100 accessions that can 	be used for working on varietal improvement in the hill regions
efficient evaluation of the conserved germplasm. of Southeast Asia. 
We have used past data to choose varieties that are 

Table 1. Example of one unimproved germplasm nurserv set for the acid uplands. 

Trait Descriptor state Accessions (no.) 
Varietal group based on isozymes 	 Indica 46 

Japonica 40 
Intermediate 6 
Unclassified 4Region of origin Africa 19 
South Asia 6Southeast Asia 54
East Asia 1
America 15 
UnknownMatur:ty (d) 	 <100 3 

1 

101-119 34
120-139 24 
>140 
 35Culm length (range, in cm) 	 64-164 96Plant height (range, in cm) 	 85-195 96Panicle length (range, in cm) 	 18-32 96 
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Table 2.Classification and quality of varieties from Sothan Village, northwest Vietnam.' 
Amylosu
contentVarietal Seed coat

Variety Cultural type Isozyme
b (%)group group' color 

VI J Red 20.6Ble Te Upland 
Ble La Rrinfed I I White 25.8 
Ble Blau Rainfed I I White 3.1 
Blau Tan Upland VI J White 2.6 
Blau Blau Rainfed VI J White 0.9 

i I White 17.4Talensoi Rainfed I 
Blau Bla Rainfed (deepwater) NC NC White 1.5 

,Sothan Village is inhabited by Hmong people and is at 1,175 m above msL. 'Glaszmann 19S5. IJ = 
japonica, I = indica, NC = not classifiable. 

1. Random amplified polymorphic DNA bands as observed from a set of 0. sativa cultivars. At the extreme 

left is a I kb-ladder molecular weight marker. 

We are using another type of molecular markerMOLECULAR EVALUATION OF GERMPLASM 

DIVERSrY forevaluating rice diversity, the RAPD, using polym-

When scored over many loci and analyzed with erase chain reaction technology (Fig. 1). We are 

multivariate statistical methods, deoxyribonucleic testing the potential of this technique over a repre

acid (DNA) polymorphism gives arepresentation of sentative subset of 70 varieties already analyzed for 

the diversity of germplasm's genetic background. 15 isozyme loci and 61 RFLP probes (including 4 

This information is important for designing sam- mitochondrial DNA probes). Ten different primers 

pling strategies for the conservation, evaluation, and have been used and 20 additional primers are being 

utilization of germplasm, particularly with respect to scored. Results look very promising and a setup for 

molecular marker-aided selection. We used two sets a larger scale analysis is underway. 

of cultivars in our study: 
0 250 accessions as a representative subset of the SCREENING WILD COLLECTIONS FOR TUNGRO 

world collection for 0. sativa; and 	 RESISTANCE 

N 250 accessions to represent successful rice varie- Wild species of rice may have some useful genes for 

ties and elite lines along with their ultimate par- resistance to RTD. Thus, to systematically screen the 

ents and donors of resistance or tolerance for wild relatives of rice for RTD resistance, we selected 
acore collection of 263 accessions, representing thestresses, pests, and diseases as well as other char-

acteristics. 	 genetic and geographic diversity in the genus Oryza. 
Out of 263 accessions in a core collection, 157Must of the accessions have been analyzed for 15 

isozyme loci. Analysis of these accessions for 30 accessions belonging to 19 species had been evalu

mapped RFLP probes is nearly completed. ated by the end of 1991 (Table 3). 
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Table 3. Reactions of wild rice accessions to rice tungro disease (RTD) viruses., 

Accessions (no.) resistant to 
Species Genome Tested 

(no.) RTBV+RTSV RTBV RTSV 

0. brachyantha FF 5 1 0 4 
0. sativa complex 

0. nivara AA 38 0 0 6 
0. rufipogon AA 6 0 0 0 
Natural hybrids AA 25 0 0 4 
0. glaberrima AA 4 0 0 0 
0. barthii AA 6 0 0 0 
0. meridionalis AA 2 0 0 0 

0. ridleyi complex 
0. Iongiglumis Tetraploid 3 0 1 0 
0. ridleyi Tetraploid 5 0 2 0 

0. officinalis complex 
0. officinalis CC 15 2 2 3 
0. rhizomatis CC 6 1 0 0 
0. eichingeri CC 5 0 0 2 
0. malarnpuzhaensis BBCC 3 0 0 1 
O. minuta BBCC 13 0 0 5 
0. punctata BB,BBCC 7 0 0 2 
0. latifolia CCDD 5 0 1 1 
O. alta CCDD 3 0 2 0 
0. grandiglumis CCDD 2 0 0 0 
0. australiensis EE 4 0 0 2 

Total 157 4 8 30 

•RTBV = rice tungro bacilliform virus. RTSV = rice tungro spherical virus. 

Eleven-day-old seedlings were inoculated with 
viruliferous green leafhopper (GLH) adults at 10 
insects/plant for 4 h. Leaves were individually 
sampled 2-3 wk after inoculation (WAI) to test by 
enzyme-linked immunosorbent assay (ELISA) for 
RTBV and rice tungro spherical virus (RTSV) infec-
tion. The accessions resistant to any virus particle 
were determined from data for more than 10 plants. 

Although RTSV resistance is important in pre-
venting the spread of RTD, RTBV resistance would 
be amore effective control because it would prevent 
symptoms from developing in plants. Inthe O. sativa 
complex, 0. nivara and natural hybrids were resis- 
tant to RTSV, but no accession was resistant to 
RTBV infection. Twelve accessions, which were not 
infected by RTBV either alone or with RTSV, were 
tested for antibiosis to GLH (Table 4). Either a 10-d-
old seedling or a leaf tip of an adult plant from each 
accession was placed in a test tube with five GLH 
nymphs (second instar); the procedure was repli-
cated 10 times. Antibiosis of each accession was 
graded as high, moderate, and low by counting tie 
surviving GLH nymphs every day for 3 d. Acces-
sions that were not infected with RTBV showed a 
low infection rate with RTSV, except 0. lonoiglumis 
(IRGC 105146). One accession of 0. brachyantha 

(IRGC 100115), two 0. officinalis (IRGC 105100, 
105365), and one 0. rhizornatis (103421) were not 
infected by either RTBV or RTSV (Table 4). The 
accessions resistant to RTBV infection showed a 
high level of antibiosis to GLH. Thus, it is difficult 
to distinguish the resistance to virus infection from 
the resistance to the vector. To overcome this prob
lem, we are trying to inoculate RTD viruses using 
another vector, N. nigropictus. 

Necrosis caused by tungro viruses. In 1990, we 
found that all fourO. glaberrima accessions (Table 
3) showed severe systemic necrosis 2-3 WAI and 
few plants survived 3 WAI. This is distinct 
from normal symptoms of RTD observed in suscep
tible populations of other species, which show stunt
ing, yellow-orange discoloration, and reduced tiller
ing. Necrosis of the 0. glaberrima plants could be 
used as the indicator of RTD infection. To confirm 
whether the necrosis caused by RTD is species
specific, 100 accessions of 0. glaberrina were se
lected at random and evaluated. Fifty-six accessions 
of 0. barthii, the close wild relative of 0. glaber
rnia, were also evaluated for necrosis. Most 
showed necrosis either uniformly or segregating. 
Three accessions of 0. glaberrnia and two of 0. 
bartii accessions did not show systemic necrosis. 
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Table 4. Reaction of RTBV-resistant wild rices to RTSV infection and antibiosis to green 
leafhopper (GLH). 

IRGC Country Plants RTSV Antibiosis 
Species acc. of tested infection to 

no. origin (no.) (%) GLH ° 

O, brachyantha 100115 Guinea 29 0 H 
0. longiglumis 105146 Indonesia 24 33 H 
0. ridleyi 100821 (unknown) 11 9 H 

101453 Malaysia 30 3 
0. officinalis 104672 Malaysia 20 5 H 

105100 Brunei 28 0 H 
105365 Thailand 41 0 H 
105376 Thailand 29 3 M 

0. latifolia 105139 Guatemala 25 4 H 
0. alta 100967 Surinam 19 10 H 

105685 Brazil 29 11 H 
O. rhizomatis 103421 Sri Lanka 18 0 

1H = high level of antibiosis, M = moderate level, - = not tested. 

Table 5. Accessions originating from selected Asian countries and showing resistance to 

6 races of bacterial blight (BB). ° 

Accessionsb showing resistance 

Country 
PXO61 

no. % 

PX086 

no. % 

PX079 

no. % 

PXO71 

no. % 

PXO1 12 

no. % 

PX099 

no. % 

Laos 
Cambodia 
Vietnam 

25 
4 

15 

2 
7 
1 

14 
19 
37 

1 
3 
4 

29 
2 
8 

3 
0 
1 

9 
0 

13 

1 
0 
2 

81 
34 
82 

8 
5 
8 

0 
2 
1 

0 
0 
0 

Total 44 70 39 22 197 3 

1isolates were PXO61 (race 1), PX086 (race 2), PX079 (race 3), PXO71 (race 4), PXO112 (race 5), PX099 
(race 6,. bPercentage of resistant accessions based on total screened. 

Therefore, this necrosis is considered to be a 
specific indicator only in 0. glaberrina and 0. 
harthii. We have been trying to introduce this char-
acteristic into the susceptible check variety TN 1by 
backcrossing. To date ow most advanced generation 
is BC3F I. To clarify the *-nheritanceof this necrosis, 
we cre,', fd 0. glaberrinaaccessions with and with- 
out net osis. 

SCREENING IFOR RESISTANCE TO 

BACTERIAL BLIGHT 
During the past few years, IRRI has conducted an 
extensive collaborative research program with Asian 
countries particularly Laos, Cambodia, and Viet- 
nam. Since no information is available on BB resis-
tance of traditional cultivars originating from those 
areas, germplasm evaluation was carried out at IRRI. 
Among the 2,847 entries screened, 1,060 were from 
Laos, 724 from Cambodia, and 1,063 from Vietnam. 

The entries were sown in food keepers and trans
planted on plastic trays with 12 hills per entry. IR8, 
IR20, IR1545-339, DV85, and Cas 209 served as 
checks. Plants were inoculated at maximum tillering 
stage using six Philippine races of Xanthomnonas 
ory-ae pv. or,-ae. Percentage of leaf area infected 
was taken 14 d after inoculation. Most of the culti
vars identified as resistant were resistant to race 5, 
followed by races 2 and I (Table 5). Testing of 
selected cultivars with resistance to BB will be 
carried out in the collaborating countries through 
their NARS. 

BLAST RESISTANCE OF WILD ORYZA SPECIES 
To evaluate the potential of wild relatives of rice as 
sources of BI resistance genes, 14 wild species of 
Oryza were tesied under artificial and field condi
tions. Accessions from eight of the species screened 
showed high levels of resistance or immunity to 
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isolate P06-6, while accessions from seven species 
showed resistance to the inocula preser the IRRI 
BI nursery (Table 6). The accessions that showed 
resistance to race P06-6 were not always the same as 
those found resistant in the BI nursery, suggesting 
that some of the resistance genes are race-specific. 

The frequency of resistance among accessions of 
the different species varied widely. While all 42 
tested accessions of' 0. minuta were resistant to both 
race P06-6 and the inocula in the IRRI BI nursery, 
only one of the 18 tested accessions of 0. rtufipogon 
was found to be resistant. Further, the scores of 
individual plants of some accessions of 0. nivara 
and 0. ridh'vi varied from highly susceptible to 
highly resistant, suggesting that segregation for a 
major resistance gene was occurring within the 
subpopulation represented by those accessions, 

PRIORITIZING GERMPLASM SCREENING 
IRRI has 44 morphological tests and 37 tests for 
genetic evaluation and utilization (GEU) traits, all of 
which potentially could be applied in the germplasm 
bank of some 85,000 accessions. Thus, the potential 
work load is a matrix of 6,885,000 tests and observa-
tions to be made on each accession. Therefore, a 
system must be developed for prioritizing germplasm 
evaluation, 

Priorities for screening are set in consonance with 
activitiesofscientists specializing in individual traits, 
and in consideration of broader foci, such as cultural 
rice types and national needs. 

Priorities will be based on recommendations for 
scheduling which are determined by the suitable 
combinations of germplasm to be screened, tests to 
be used, and countries to be enphasized. Demand for 
screening results may be trait-driven, trait- or cul
tural type-driven, or country-driven. 

To set proper priorities, the following should be 
assessed: 
U traits and germplasm already screened, 
[ interest in screening results by country, 
0 trait-based needs and screening methods avail

able, 
U cultural type(s) of accessions in the germplasm 

bank, 
U hot spots of the problem of interest, 
0 screening needs for special purpose collections, 

and 
U logistics. 

In 1991, we conducted a study of priority setting 
using the first three items on the list. 

Traits and germplasm screened in 1991. We 
started to construct a table listing IRGC screening 
results averaged by country and trait. This allowed 
us to identify several parameters. 
U The proportion of materials screened by trait 

(Table 7). The coverage of traits is a result of past 
priorities and, presumably, level of difficulty and 
cost of the test. Soil-related stresses are covered in 
a relatively shallow manner, while disease and 
insect resistance have been searched extensively. 

Table 6. Levels of wild rice resistance to blast. 

Accessions (no.) with given reaction, 
Accessions 

Species 

0. alta 
0. australiensis 
0. barthii 
0. brachyantha 
0. grandiglumis 
0. latifolia 
0. Iongistaminata 
0. minuta 
0. nivara 
0. officinalis 
0. perennis 
0. ridleyi
0. rufipogon 

tested Isolate P06-6 Blast Nurser, 
(no.) 

R S MR/MS Seg R S MR/MS Seg 

1 1 
4 4 4 
4 2 2 3 1 
1 1 1 
1 1 
3 2 1 1 
1 1 1 

42 42 42 
9 5 2 1 1 3 2 3 
1 1 1 
6 1 2 2 1 3 2 1 
2 1 1 

18 1 4 1 1 14 3 

'R = resistant, S = susceptible, MR/MS = moderately resistant or moderately susceptible,
Seg = segregating. 
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Table 7. Germplasm bank entries tested for genetic 
evaluation and utilization (GEU) traits. 

Table 8. Average number of GEU tests done per entry 
for major contributing countries.' 

Country Tests Country Tests
(no.) 

______________ 

India 10 Japan 8 

Indonesi,, 
Bangladesh 
Pakistan 
Philippines 
Liberia 
Laos 
USA 
Sri Lanka 

10 
10 
10 
9 
9 
9 
9 
9 

Myanmar 
Malaysia 
Vietnam 
Nepal 
Thailand 
Taiwan, China 
China 

8 
7 
7 
6 
5 
5 
4 

'Those which contributed more than 1,000 entries to the 
germplasm bank. 

U 	The degree of "coverage" by country, expressed 
as average number of screening results per acces
sion (Table 8). Clearly, materials from countries 

such as Bangladesh and India have been more 
thoroughly searched for traits of interest than ma
terials from China and Thailand. A major chal
lenge is to achieve wider coverage of some im

portant potential donors of favorable traits. 

0 	Some countries with ahigh proportion of acces

sions with favorable expression of each trait (Table 
9). Clearly, Bangladesh and India are the two 
single most "rich" countries in terms of their high 
proportion of favorable scores. Fuller and more 

systematic exploration of germplasm from these 
countries appears justified. 

NEXT STEPS 
Since the initiation of this project,personnel changes 

have affected the scope and range of activities. We 
have undertaken areview of the project to determine 

research priorities for the next couple of years. 
Specifically, the research effort in Los Bafios for 
screening resistance to rice BI will be reduced. We 

shall seek ways of increasing screening for Bi and 
other biotic stresses in collaboration with the NARS 
at "hot spot" sites. We intend to allocate more 
resources to germplasm data base development, and 

to expand activitiesrelated to the study ofgermplasm 
diversity. 

Subprogram Ih Genome
G 
manipulation 
During 1991, research in genome manipulation 
focused on I )saturating the genetic map, 2) develop
ing and characterizing novel aneuploid stocks, 

Trait' 

BL 

BB 
SHB 
RTD 
RTD SS 
RGSV1 
RGSV2 
RRSV 

BPH1 
BPH2 
BPH3 
WBPH 
GLH 
ZLH 
SBYD 
SBSD 

RLF 
RWM 

PRTD 
PRTW 
AMY 
GEL 

ALKSAL 

ZNC1 
ZNC2 
CT 
DRT1 
DRT2 
DRT3 
DRT4 
DRT5 
DRT6 
DRT7 
DRT8 
DRT9 
ELON 
FT') 


= 

SampleTatsieb(no.)size 

78,228 
78,367 
78,128 
76,928 
74,798 
77,437 
32,623 
76,802 

78,226 
76,697 
77,461 
78,344 
78,350 
73,347 
76,416 
75,037 
76,397 
77,775 

78,146 
77,700 
78,124 
78,037 

73,04973,734 

75,185 
55,604 
76,511 
78,223 
78,222 
78,141 
78,222 
78,155 
77,825 
77,750 
77,710 
77,710 
75,185 
77,257 

'BL bl,;t, BB = bacterial blight, SHB 
tungro, R1D SS = tungro severity score, RGSV1 and 2 = rice 
grassy stunt virus 1and 2, RRSV =rice ragged stunt virus, BPH 
1-3 = brown planthopper biotypes 1-3, WBPH =whitebacked 
planthopper, GLH =green leafhopper, ZLH = zigzag leafhopper, 
SBYD =yellow stem borer, SBSD =striped stem borer, RLF = rice 
leaffolder, RWM = rice whorl maggot, PRTD = protein dry 

season; PRTW =protein, wet season; AMY =amylose, GEL 
gelatinization temperature, ALK = alkalinity, SAL = salinity, 
ZNC1 = zinc deficiency (field test), ZNC2 = zinc deficiency 

=(greenhouse screening), CT = cold tolerance, DRT1-DRT9 
drought score 1-9, ELON =elongation, FLOD = flooding. 'Some 
sample sizes not wholly reported. 

Tested 

no. % 

36,634 47 
49,752 63 
23,088 30 
15,795 21 

4,473 6 
8,376 11 

366 1 

13,759 18 

44,335 57 
10,053 13 
13,021 17 
52,042 66 
50,137 64 

2,756 4 
15,656 20 
6,881 9 
8,115 11 

22,949 30 

17,587 23 
13,631 18 
32,691 42 
29,904 38 

2,693 48,095 11 

964 1 
120 0 

6,671 9 
34,500 44 
24,432 31 
16,738 21 
28,319 36 
22,873 29 
11,648 15 
7,250 9 
6,742 9 
6,742 9 
1,221 2 

18,216 24 

= sheath blight, RTD 
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Table 9. Two msjorcountries with the highest percent-

age of favorable entries for each trait. 

Traitb Countries 

BL Ivory Coast, Liberia 

BB Bangladesh, Philippines

SHB Senegal, Liberia 


BPH1 Sri Lanka, Senegal 
BPH2 Sri Lanka, India
BPH3 Indonesia, Sri Lanka
WBPH Pakistan, Nepal
GLH Bangladosh, Senegal
RLF Sri Lanka, Bangladesh
RWM Vietnam, Senegal 

ALK Bangladesh, India 
SAL China, Vietnam 
CT USSR, BrazilDRT2 Myanmar, Sierra Leone
DRT3 Thailand, Cambodia 
DRT4 Ivory Coast, BangladeshDRT5 USA; Taiwan, China 
DRT6 Brazil, Bangladesh
DRT7 USA; Taiwan, China 
DRT8 USA; Vietnam
DRT9 Bangladesh, India 
ELON Bangladesh, China 
FLOD Nepal, India 

'With scores of 1-3. 'For legend, see Table 7. 

3) finding isozyme loci, 'l) tagging genes whh mo

lecular markers, 5)widening the gene pool by devel

oping new interspecific hybrids and alien gene trans
fer, 6) evaluating homozygous lines developed 
through anther culture from segregating popula
tions, and 7) regenerating plants from protoplasts of 
both japonica and indica rices. 

Saturated genetic maps 

To facilitate marker-based selection, we aim to sau
rate the genetic map and to tag genes governing 

economic traits. Research in 1991 involved develop
ing and characterizing novel aneuploid stocks, 

mapping isozyme loci, tagging genes for BB resis
tance with molecular markers, and RFLP survey of 

parents to develop populations for tagging genes
governing economic traits. 

DEVELOPMENT AND CHARACTERIZATION OF 
NOVEL ANEUPLOID STOCKS 
We continued our efforts to complete the novel 

aneuploid stock (secondary trisomic) series. On the 

I'0
 

7L/7L 

7s 
78
 

2. Pachytene chromosome configuration in a secondary trisomic plant (2n + 7s.7s). 
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basis of morphological and cytological characteris- 10 previously mapped isozyme loci (Cat-1, Pgi-1, 

tics, 18 secondary trisomics have been identified. Of Pgi-2, Amp-J, Amp-2, Amnp-3, Est-2, Pgd-l, Adh-I, 

these, 14 have been characterized based on pachytene Fdp-1) representing chromosomes 2, 3, 6, 8, and 11. 

chromosome configurations (Fig. 2). The Mdh-3 pattern was studied in 10 monosomic 

The F,, F,, and BC populations derived from alien addition lines (MAALs) ofO. officinalisand11 

crosses of secondary trisomics with 25 mutant mark- of 0. latiftlia (Table I1). The allozyme pattern for 

ers and isozyme tester stocks representing 15 loci are Mdh-3 in the wild species was detected only in 

being analyzed to locate genes on specific arms of MAAL-5 (Fig. 4), indicating the possible location of 

rice chromosomes. Mdh-3 on chromosome 5 of the two species. Disomic 
plants homozygous for Mdh-3 have been crossed 

CHROMOSOMAL LOCATION OF ISOZYME LOCI with primary trisomic 5 to further confirm the chro-
We continued our efforts to identify new isozyme mosome location. 

loci and their sites on rice chromosomes. Two en
zymes, malate dehydrogenase (MDH) and

ymesdehydrogenase (GD)e and- Table 10. Polymorphism for malate dehydrogenase in 
phosphogluconate dehydrogenase (PGD), were ana- cultivated and wild rices.
 
lyzed. Three Mdli isozyme banding patterns were
 
found in 0. sativa (Mdh-1, Mdh-2", and Mdh-3); Isozyme locus Allele Marker,
 

however, none showed allozymic variability in 30 Mdh-1 Fast lR31917-45-3-2, IR56
 

representative isozyme tester stocks of rice. Wc 0. latifolia (100914)
 
0. officinalis (100896).therefore surveyed wild species for allozymic vari-
0. australiensis (100882)

alions using starch gel electrophoretic procedures. 	 Intermediate 0. brachyantha (101232) 

Polymorphism was detected between rice and wild Slow 0. minuta (101141) 

species for three loci: Mdh-I, Mdh-21, Mdh-3 (Table Mdh-21" Fast IR31917-45-3-2, IR56 
0. australiensis (100882)

10). Three mobility patterns forMdi-1 and two each 
0. latifolia (100914) 

for Mdh-2 and Mdh-3 were identified among culti- 0. officinalis (100896) 

vated 	and wild species (Fig. 3). Contrasting alleles Slow 0. brachyantha (101232) 

and wild species were Mdh-3 Fast IR31917-45-3-2, IR56
between cultivated rice 0. brachyantha (101232) 
identified for Md-I in 0. niviara, 0. brachvantha, Slow 0. minuta (101141) 

and 0. minuta. Mdh-2 was polymorphic only in 0. officinalis (00896) 
0. latifolia (100914)

0. brachlantha,and Mdh-3 in four wild species. 
0. australiensis (100882)
 

Polymorphism was also detected for G6pd-I in IR36
 

and Ma Hae. G6pd-I was found to be independent of 'Accession no. is in parentheses.
 

Mdh-3 - 
Mdh-2 

Mdh- I i 

0 

N-5 
C,, 

3. Zymogram showing malate dehydrogenase (MDH) polymorphism in cultivated and wild species of rice. 
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Similarly, analysis of MAALs of 0. officinalis, 
0. latifolia,and 0. hrachyanthafor Pgd-2 showed 
an allozyme of wild species only in MAAL-6 (Table 
11, Fig. 5). Thus, Pgd-2 is located on chromosome 6. 
We have initiated experiments to use isoelectric 
focusing technique to map additional isozyme loci 
on rice chromosomes. 

RFLP MAPPING POPULATION 

The interspecific RFLP mapping population (120 
plants of 0. sativa/O. ongistaminataBC,) was re-
ceived from Cornell University and is being main-
tained at IRRI. This population was originally tested 
for 200 RFLP markers by the Institut Franqais de ]a 
Recherche Scientifique pour le Ddveloppement en 
Coopdration (ORSTOM), in collaboration with Cor-
nell University where a total of about 500 markers 
have been mapped. 

Mdh-3 

0. 
S L F1 MAAL-5 MAAL-6 

The mapping population will allow us to verify 
the location of matrkers, especially for multiple copy 
clones, and facilitate the location of RAPD markers. 
Fresh or dried leaves will be distributed to interested 
collaborators for use in genetic mapping. We are 
using both non-ralioactive (digoxigenin) and radio
active (32P) labeling techniques for RFLP analysis. 

DNA LIBRARY 

A library of more than 300 DNA markers is main
tained for use in genome mapping and for distribu
tion to collaborators in rice-growing Asian coun
tries. All clones are originally received as plasmid 
and are transformed into Escherichiacoli for long
term storage at -80 'C. Clones are amplified either 
in the bacterial host or via polymerase chain reaction 
for Southern hybridization. The plasmids are multi
plied for distribution to collaborators in NARS. 

4.Gene dosage forMd-3 inacritical MAAL-5 of 0. Iatifolia. S=O. saliva (R31917-45-3-2). L 0. latifolia. 

Table 11. Chromosomal location of Mdh-3 and Pgd-2using MAALsI of wild species. 

Mdh-3 Pgd-2 

MAAL 0. officinalis 0. latifolia 0. officinalis 0. latifolia 
(Acc. 100896) (Acc. 100914) (Acc. 100896) (Acc. 100914) 

1 na - na -
2 ---

3 na na na na 

5 + + - _ 
6 -  + + 

8 .... 

9 ..... 
10 ..... 
11---
12 ..... 

'Monosomic alien addition lines. + = critical, - = noncritical, na - not available. 

0. brachyantha 
(Acc. 101232) 

na 

na 
na 

na 
+ 

na 
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Pgd-2 - = -- - - -

Pgd- IH 

Pgd-2 
S L F1 2n MAAL-6 

5. Gene dosage for Pttd-2 ina critical MAAL-6 of 0. 

During 1991, 108 clones were distributed to labora
tories in Asia. 

TFAGGING GENES FOR BACTERIAL BLIGHT 

RESISTANCE 

The availability of a molecular genetic map of rice 

paves the way for research to detect linkage between 
molecular markers and genes that govern agronomi
cally important characters. Tagging genes for BB 
resistance with molecular markers such as RFLPs 
will facilitate breeding efforts aimed at developing 

more durable forms of resistance. 
We have identified molecular markers linked to 

two genes for resistance to BB. Tht.recessive gene 

xa-5 was tagged with three RFLP markers and Xc,- 10 
was linked to two RFLP markers and two RAPD 
markers. Figure 6 shows linkage of RFLP markers 
(RG207) with .xa-5. This work was conducted in 
collaboration with Cornell University, USA, and 

Kyushu University. Japan. 
A subset of 100 mapped RFLP markers was used 

to survey the genomes of the resistant isoline 

ltifidia. 0. latiflia.S = Osativa (IR31917-45-3-2), L = 

I I-BB 5 

I R 

R 

R 

S 

1 .[][
 

6. Autoradiogram showing confimtation of linkage between 

RG207 and xa-5-resistant phenotype. Lanes I and 24 Lambda/= 
fHind III sizemarker; lane 2 = IR24, the susceptible recurrent 
parent; lane3=lRBB-5.theresistant isolinecontainingxa-5: lane 

(IRBB-5), the resistant donor (IR 1545-339), and tile 4 = IR1545-339. the resistant donor; lanes 5-14 = resistant 

susceptible recurrent parent (IR24). Eight independ-
were detected that hadent chromosomal segments 

been introgressed from the donor variety into the 

background of 1R24 during isoline construction. 
An F, population was developed from a cross 

between IR24 and IRBB-5. F, individuals were 
evaluated phenotypically for resistance or suscepti-
bility to BB. The disease reaction was determined by 
evaluation of lesion length following inoculation 
with race I using the clipping method. We per-
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phenotypes; lanes 15-23 = susceptible phenotypes from F, 
population derived from across between IR24 and IRBB-5. 

formed RFLP analysis on 36 individuals from this F, 
population. Markers in all eight regions that showed 
donorintrogressioninthelRBB-5isolineweretested 
for cosegregation with resistant and susceptible 
phenotypes. Tight linkage was detected between 
xa-5 and three RFLP markers (RG207, RG556, and 
RZ390) located at the top of linkage group 5 (Fig. 6). 



Previous studies based on trisomic analysis had In an effort to identify an accession that did not 
shown that.va-5 belonged to linkage group 5 and was containXa-21, 12 0. Iongistamiinataaccessions were 
also linked to the morphological marker, spl-7. This planted in the screenhouse and inoculated with race 
suggests that the three molecular markers and spl-7 6 of X. or'v:ae. An 0. longistuminata accession 
are linked, clarifying the relative orientation of the susceptible to X. 0/:ae would allow the develop
classical genetic map and the RFLP map with regard ment of a population segregating for the character. 
to this link!age group. and could be used in efforts to construct a physical 

Larger F, populations are being examined to mapoftheregion. Such a cross would be more likely 
establish accurately the map distance between the to embody high levels of recombination around Xa
marker and the resistance gene. Markers in intro- 21 than crosses with cultivated rice. Results showed 
gressed segments unlinked to tile resistance gene that all 12 accessions examined were highly resistant 
will be used to eliminate extraneous donor-derived to race 6, suggesting that Xa-21 is common in 0. 
chronosomal segments from the IRBB-5 differen- longistaminata geniplasm. After hybridizing the 
tial line. Breeding efforts are being initiated using probes mapped to chromosome II. RFLP analysis 
marker-aided selection for this recessive gene. The showed polymorphism between 0. sativa and 0. 
markers save a generation of progeny testing by longistaminata. Similarly, polymorphism was de
allowing detection of heterozygotes containing.ku-5 tected among different accessions ofO. longistami
(which cannot be accomplished by phenotypic screen- nata. 
ing). Further, in an effort to increase the durability of 
resistance, .- 5 can be combined with broad-spec- RFLP SURVEY OF TUNGRO-RESISTANT 

trum BB resistance genes because the tightly linked GERMPLASNM 
markers allow accurate assessment of genotype even Six RTD-resistant variet',es and two susceptible 
when phenotypes are not distinguishable. To in- varieties were evaluated for polymorphism using 
crease the selection efficiency for breeding disease- RFLPs to select a parental combination for gene 
resistant cultivars, we are continuing our research to tagging. Thirty-seven RFLP markers were selected, 
tag additional genes with the molecular markers, considering theirdistribution throughout the genome. 

The parental combinations showing the mo:,' 
RFLP SURVE-Y OF 0. LON;IS'AMINATA polymorphisms were ARC 11554 and Pankhari 203 
GERMPLASM in combination with either of the susceptible varie-
A dominant gene (Xa-21) for resistance to BB was ties (Table 12). These combinations showed 70-87% 
initially identified in an 0. longistaminata accession polymorphism with probes tested, while the other 
(#12156-I) in the collection maintained at the Cen- populations showed 13.6-54.5% polymorphism. 
tral Rice Research Institute in Cuttack, India. This TNI was selected as the susceptible parent of 
gene provides broad-spectrum resistance to six Phil- choice because the susceptible reaction is clearer 
ippine races of Xanthomonas or-'zae and all known than with IR22. ARC 11554 was selected as the 
races of the pathogen in India. Earlier, Xa-21 was resistant parent of choice because it has resistance to 
introgressed into IR24 background, and derivatives both RTSV and RTB V as well as a moderate level of 
were used to locate the gene via linkage to RFLP resistance to the GLH vector. Pankhari 203 contains 
markers. 

Table 12. Polymorphism between tungro-susceptible varieties TN1 and IR22, and 6 
resistant varieties, based on a survey of 37 RFLP ° markers. 

Polymorphism (%) 
Variety 

ARCl1554 Balimao 
Putih 

Pankhari 
203 

Kataribhog Utri 
Merah 

Utri 
Rajapan 

TN1 87.5 16.6 75.0 36.0 13.6 16.6 
IR22 70.0 54.0 75.6 54.5 51.7 35.0 

'Restriction fragment length polymorphism. 
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only one major gene (Git-I) for resistance to the 
vector. 

Near-isogenic lines as well as segregating popu-
lations are being developed for subsequcnt RFLP 
analysis. Both RFLPs and RAPDs will be used to 
locate the genes that confer RTD resistance. 

RFLP SURVEY OF DOUBLED HtAPLOID (DH) 
IN[S 

Pureline seed was produced from a population of D-
lines for genetic mapping. The population was de-
rived from a cross between the indica variety IR64 
and the tropical japonica variety Azucena. A large 
amount of transgressive variation was observed for 
a range of characters such as plant height, leaf width, 
leaf color, presence ofawns, etc. Future work will be 
aimed at identifying genes associated with trans-
gression for different characters. 

To recover the original DH genotypes, seed de-
rived from the originil tis. ue-cultured plants was 
obtained and multiplied under controlled conditions 
in the phytotron. Observations on base color, leaf 
aroma, leaf width, plant height, stem growth habit, 
grain shape and color, sterility, and presence of awns 
were recorded to rapidly identify original genotypes 
in heterogeneous lines. The observations will be 
complemented by genetic fingerprint data provided 
by isozyne. RFLP, and RAPD analyses. 

Some of the DH lines were highly sterile. Of 189 
lines that were bagged, 76 produced more than 100 
seeds, 96 produced 15-100 seeds, 9 lines produced 
less than 10 seeds, and 8 lines did not haveany filled 
grain. Lines that produced no seed or had low seed 
set were ratooned and bagged to harvest more seeds, 

As a basis for genetic mapping of this population, 
74 RFLP markers were surveyed in the parents. 
Polymorphism was detected for 70% of the probes, 
using tile enzymes Dra 1,EcoRV, Xbal, Seal, and 
Hindlll. Three different libraries are represented in 
the clones surveyed and the percent polyinorphism 
for each group of clones is summarized in Table 13. 

The results suggest that the library of rice genomic 
clones is more effective in detecting polymorphism 

between varieties of cultivated rice than are the 
libraries of rice cDNA and oat cDNA clones (Table 
13). One explanation for this is that the rice genomic 
clones were mapped based on polymorphism de-
tected in an intraspecific (indica/japonica) cross, 

cDNA clones werewhile the rice cDNA and oat 


mapped based oil an interspecific cross (0. sativa/ 
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0. iongistaminata). Therefore, most of the rice 
genomic clones lie in regions that are polymorphic in 
cultivated rice. while many of the rice cDNA and oat 
cDNA clones lie in regions that are monomorphic in 
cultivated tice but demonstrate polymorphism be
tween AA genome species. 

Preliminary field studies of the Dli populations 
based on upland drought screening trials showed 
clear segregation for terminal, seedling-stage drought 
stress. These populations are being screened using 
an aeroponic system to tag genes for root traits. 

Novel genetic variation 

The project objectives are to widen the rice gene pool 
by creating novel genetic variation through wide 
hybridization and to develop true breeding homozy
gous lines through anther culture from segregating 
populations generated for various ecosystems. In 
1991, we produced hybrids between cultivated and 
wild species of rice, transferred BB resistance from 
wild species, diversified cytoplasm by developing a 
new cytoplasmic male sterile (CMS) line, character
ized introgression through isozyme and RFLP analy
ses, evaluated anther culture-derived lines, and re
generated from protoplasts of japonica and indica 
rice plants for use in transformation research. 

GENOMIC RELATIONSItP 

To understand the homology between different 
species and to determine tile possibility of 
recombination and alien gene transfer, it is 
important to know the genomic relationship. Wild 
species of Oiy:a have 2n = 24 or 48 chromosomes 
and represent different genomes; AA, BB, 
BBCC, CC, CCDD, EE, and FF. The genomic 
constitution of species such as 0. granulata, 0. 
neveriana, 0. rilevi, and 0. longiglunis is 

Table 13. Percent polymorphism between indica vari
ety IR64 and tropical japonica variety Azucena for riceclones derived from 3 libraries. 

Clones showing polymorphism 
Library, Total no. 

RG 36 27 81 
RZ 28 15 54CDO 10 6 60 

IRG =rice genomic, RZ rice cDNA, CDO =oat cDNA. 
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unknown. We studied the genomic relationship of 
0. ridleyi and 0. hmgiglumis on the basis of chro-
no.,ome pairing in the F,hybrid. Both 0. ridlevi and 
0. longighunis are tetraploid species (2n 48).= 

The F, hybrid was produced between 0. longig u-
mis (Acc. no. 100974) and 0. ridh'vi (Acc. no. 
101453) following embryo rescue. Meiotic analysis 
of O. lngihhtis showed 61.5% of the cells with 
24 11and 5.2% of cells with a ring of four chromo-
sois.Similar behavior was observed in 0. ridlvi 
(Table 14). The ring of four chromosomes indicates 
the presence of a reciprocal translocation. The F 
hybrid showed predominantly 24 11 (74.2% of cells) 
and one or two rings of tourchronosomes in 3.7 and 
3.3% of cells, respectively. The presence of two 
rings of four chromosomes in the hybrid indicates 
that the chromosomes involved in the translhations 
in two parents are different, 

The occurrence of 24 If in the hybrid shows 
that tilegenomes of' 0. ridh'vi and 0. Iongightnis 
are identical. Meiotic analysis of F, (0 sativa/ 
0. ridlevi) showed 36 1 indicating that sativa and 
ridh'yigenomes are different. Additional crosses of 
0. ridh'vi have been made with other species to de-
termine the genomic relationship. 

INTERSPtECIFIC IhYBRIDS TIIROUGII FMBYO 
RISCUE 
To widen the rice gene pool and for transfer of useful 
alien genes, we have produced hybrids of rice varie-
ties with five wild species (Table 15). In these cross-
combinations, 14,173 rice florets pollinated by five 
wild species gave 1,226 seeds. The average seed set 
was 8.6%. From the cross-combinations. 172 hybrid 
plants were produced through embryo rescue (Fig. 
7).The hybrids were produced specifically to trans-
fer genes for RTD tolerance from 0. /fficinalis 

(Acc. no. 105220) and 0. latiflia(Ace. no. 105141, 
Acc. no. 105142), YSB :nd RTD tolerance from 
0. rihleyi (Acc. no. 100821), and BB resistance from 
0. eichingeri; and to determine the genomic consti
tution of 0. ridile'i and 0. grwl/ata. 

Immature embryos from different cross-combi
nations were excised 10-14d after pollination. They 
were cultured on 1/4 Murashige and Skoog (MS) 
medium and incubated in the dark (25 + I 'C) until 
germination. The seedlings were kept in the light
incubated room up to three-leaf stage and transferred 
tto soil after growing in liquid culture medium for 
10 d. The hybrid nature of some of the plants was 
confirmed from pollen mother cell analysis. In gen
eral, the hybrids were morphologically intermediate 
between the p.;:ents and were male sterile. The 
hybrids are being maintained and multiplied through 
tiller propagation. We have produced BC, plants
through embryo rescue crossesfrom of IR42/O. 
eichingeri, I1R31917-45-3-2/0. rhizomatis, and 
IR31917-45-3-2/0. granulata. We now have inter
specific hybrids involving rice elite breeding lines or 
varieties with i 2 wild species representing genomes 
other than AA. 

ALIEN GENE TRANSFER 
The genes for resistance to race 6 of' BB have 
successfully been transferred from 0. australiensis 
(2n= 24 EE) into an elite breeding line (IR31917-45
3-2) of rice. Of the 8MAALs examined, only MAAL 
12 showed resistance to race 6, indicating the gene 
for resistance may have been introgressed from 
chromosome 12 of 0. australiensis. 

The starch gel electrophoresis technique was used 
to detect introgression in the wide cross-derivc , 
progenies. Introgression was detected for seven 
isozyme loci (Pgi-I, Pgi-2, Pgd-2, Adh-3, Amp-I, 

Table 14. Meiotic chromosome configurations in 0. Iongiglums, 0. ridleyi,and 0. Iongiglu
mislO. ridleyihybrid. 

Cells with given chromosome configurationSpecies or Chromosome - TotalF, hybrid number 24 II II + I Ill + I 1IV 21V cells 
(2n) (no.) 

no. % no. % no. % no. % no. % 
0. Iongiglumis/ 48 60 61.5 30 30.9 2 2.1 5 5.2 0 0.0 97 
(Acc. no. 100974)
0. ridleyi 48 62 50.0 57 46.0 0 0.0 5 4.0 0 0.0 124 
(Acc. no. 101453)
0. Iongiglumis/ 48 141 74.2 36 18.9 0 0.0 7 3.7 6 3.1 1900. ridleyi (F,) 
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Table 15. Interspecific hybrids produced through embryo rescue between cultivated rice 0. sativa and 5 wild 

Oryza, spp. 

Hybrid-combination 

HybridWild species (male) Florets Seed Embryos 
pollinated set cultured plants0. sativa 

(female) Species Genome Accession (no.) (no.) (no.) (no.) 
no. 

6 	 1 1
IR64 (4n) 0. eichingeri CC 105181 12 

IR54 0. eichingeri CC 101422 112 12 0 0 

IR64 0. eichingeri CC 101422 106 12 4 1 

IR20 0. officinalis CC 105220 90 30 6 1 

IR22 0. officinalis CC 105220 238 2 0 0 
0

IR24 0. officinalis CC 105220 	 416 6 0 
452 10 1 0

IR31917-45-3-2 0. officinalis CC 105220 
1 	 1 1

IR70 0. officinalis CC 100878 	 105 
39 	 25IR20 0. latifolia CCDD 105141 441 64 

IR22 0. latifolia CCDD 105141 786 	 185 44 33 
173 79 360. latifolia CCDD 105141 1,264IR24 

CCDD 105141 1,745 131 49 6
IR31917-45-3-2 0. latifolia 
IR64 (4n) 0. latifolia CCDD 105141 122 2 0 0 

IR20 0. latifolia CCDD 105142 384 32 8 6 
27 5 2

IR22 0. latifolia CCDD 105142 294 

IR24 0. latifolia CCDD 105142 932 40 19 15 

IR31917-45-3-2 0. latifolia CCDD 105142 407 37 17 13 

IR36 (4n) 0. latifolia CCDD 105142 103 11 18 0 

IR72 0. ridleyi Unknown 100821 1,263 3 1 1 

IR74 0. ridleyi Unknown 100821 2,091 224 40 27 
128 12 1

IR31917-45-3-2 0. ridleyi Unknown 100821 1,259 

IR56 0. granulata Unknown 100879 372 42 2 0 
3100879 537 45 14 

IR36 (4n) 0. granulata Unknown 100879 642 3 0 0
IR31917-45-3-2 0. granulata Unknown 

14,173 1,226 350 172Total 

x 	 / 

3 2 FIR31.917-45 

7. F, hybrid (centelr) prolucCd Ifrom across of 0..saliva lIZ31917-45-3-2 with O..rantdaa. 
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Amp)-2,andEst-5)intheadvancedgenertiondiscmnic source. Such genetic uniformity makes hybrid rice 
(2n = 24) progenies derived from 0.sativa/O. latifri- vulnerable to diseases and 'isect pests. To increase 
lia (Fig. 8,9). Similar introgression was detected for 
Sdh-l, Pq'd-I, Pgd-2, Pgi-l, and Ptqi-2 in disomic 
derivatives of 0. sativa/O. inintta. 

RFLP analysis of BC, aneuploid plants derived 
from the cross 0.sutivalO. brachvantha showed 
evidence of recombination between chromosomes 
of AA (0.sativa) and FF(O.brah'yantha) genomes, 
further indicating the possibility of transferring re-
sistaice to YSB from 0. hrach'vantha. 

ln theBPH-resistant lineIR65482-4-136,derived 
from 0. australiensis, RFLP analysis showed intro-
gression for RG457 probe located ort chromosome 
12. We are analyzing the F, population to tag the 
BPH resistance gene introgressed from 0. austral-
iensis. 


A NEW MAt.t STERILI LINE 

Most commercial indica hybrid rices now being cul
tivated have the wild abortive (WA) male sterility 

Mdh-3 - 

011 

S L + + H H H + 

thecytoplasmic diversity focmale sterility,wecrossed 
two restorers (IR54 R and IR64 R) of WA type 
cytoplasm with 45 accessions of O.prennis and 4 
accessions of O.ril/lI)Ogon. From these crosses, we 
have developed a new male sterile line, with the 
cytoplasm of O.p;'rennis(Acc. no. 104823) and the 
nuclear background of IRf ',(Fig. 10). This line isin 
the BC(, and is stable for complete male sterility 
(Table 16). The newly c. eloped CMS line has been 
designated IR66707' A. Genetic tests show that the 
cytoplasm of IR66707 A is different from that of 
WA. After hybridization with mitochondrial DNA
specific probes, RFLP analysis indicated that the cy
toplasm of O.perennis (donor parent) and IR66707 
A show identical hybridization patterns. We are 
searching for restorers of this CMS line to utilize in 
developing hybrids. 

8. Inlrogression forMdh-3 allozyne in disomic progenies derived from the cross '.a.aiva/O. latfolia. S 0.saliva 
(IR31917-45-3-2. L = 0. latU;.ia, + = introgression, - = no introgression. H = heterozygote. 

Pgd-2 a n 

0 
S L + ++ + + + + + - + + + +

9. Introgression for Pg'd-2 allozyme in disomic progenies derived from the cross 0.sativa/O. iartij'lia. S= O.sativa
 
(IR319 1"-45-3-2). L = 0. hai'olia,+ = introgression,- = no introgression. 
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Asia, and the Latin American region. Results showed 
that anther culture lines outperformed salt-tolerant 
varieties and other breeding lines. 

The anther culture line IR51500-AC1I -I from 
the cross IR5657/IR4630 has improved plant type 
and very good salinity tolerance at maturity stage, 
with an average rating of 5.7 in three locations: 
Hwasong and Kyehwa in Korea, and Panvel in India 
(Table 17). The salt-tolerant check varieties Nona 
Bokra and Pokkali have average salinity ratings of 
6.0 and 6.5, respectively. 

Anther culture lines IR51500-ACI 1-1, IR51500-
ACI 1-3, and IR51500-AC9-7 have very good phe

10. Newly developed cytoplasmic male sterile line IR66707 A notypic acceptability; they ha,e an average score of 
having the cytoplasm of 0. perewlis (Acc. no. 1(1823) and the 4.0 in saline soils in Hwasong and Kyehwa in Korea, 
nuclear background of IR64. where the electrical conductivity is 10 dS/m. 

The anther culture line IR51500-ACI 1-1 has a 
EVALUATION OF LINES DERIVED FROM ANTHER very good phenotypic acceptability score of 5.0 in 
CULTURE alkaline soils in Dalip Nagar in India. In saline-
The 15th International Rice Salinity Tolerance alkaline soils in Karnal in India and in Kala Shah 
Observational Nursery (IRSTON) was conducted in Kaku in Pakistan, the average phenotypic accepta
1990 at 16 sites in East, Southeast, South, and West bility score of IR51500-AC II-I is 6.0 compared 

Table 16. Pollen fertility in different generations of a newly developed cytoplasmic male 
sterile (CMS) line derived by crossing 0. perennis (Acc. no. 104823) with IR64 R. 

Plants %)with indicated pollen fertility, 
Generation Plants 

(no.) CS S PS PF F 
(0%) (1-10%) (11-30%) (31-60%) (61-100%) 

BC6 24 100 0 0 0 0 
BC, 600 100 0 0 0 0 
BC, 29 100 0 0 0 0 
BC3 291 99 1 0 0 0 
BC 2 237 84 11 3 2 0 
BC, 76 46 12 21 10 10 
F, 6 0 17 17 0 67 

'Pollen fertility classes: CS =completely sterile, S = sterile, PS = partially sterile, PF = partially fertile, 
F = fertile. 

Table 17. Performance of antherculture lines in saline soils, 15th International Rice Salinity 
Tolerance Observational Nursery (IRSTON), 193b. 

Salinity scores at maturity stageb 
Country and ECI 

location (dS/m) IR51500-AC11-1 IR51491-AC4-6 Nona Bokra Pokkali 

Korea 
Hwasong 10.0 5 5 5 6 
Kyehwa,Chonbuk 10.0 5 - - -

India 
Panvel, Maharashtra 14.0 7 7 7 7 

Average 11.3 5.7 6.0 6.0 6.5 

'Electrical conductivity. 'Lower numetical values indicate higher degree of tolerance for salinity. 
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Table 18. Phenotypic acceptability scores of anther culture lines in saline, alkaline, andsaline-alkaline soils, 15th IRSTON, 1990. 

Anther culture line Phenotypic acceptability at specified trials, 
and check variety Salinity Alkalinity Salinity-alkalinity

(3) 
(1) (2) Av (4) (5) Av 

IR51500-AC9-7 5 3 4 7 7 7 7IR51500-AC11-1 5 3 4 5 5 7 6IR51500-AC 1I-3 5 3 4 9 5 7
7 7 7 5 9 9 

6
9Nona Bokra 


Pokkali 7 7 7 5 7 
 7 7 
'Lower numerical values indicate higher degree of tolerance for salinity. (1)Hwasong, Korea; (2)Kyehwa,Chonbuk, Korea; (3)Dalip Nagar, India; (4)Karnal, Haryana, India; (5)Kala Shah Kaku, Pakistan. 

Table 19. Phenotypic acceptability scores of anther culture lines in acid lowland soils, 6th 

International Rice Acid Lowland Observational Nursery (IRALON), 130. 

Phenotypic acceptability' 
Country and test Soil 0 P/ha 60 kg P/ha

location pH 
IR51500- IR53649- Check IR51500- IR53649- Check

AC9-7' AC3 variety AC9-7 AC3 variety 

Myanmar
Myaung Mya 3.5 3 3 3 2 2 2

Indonesia 
Unit Tatas 3.8 1 3 3 1 3 3

India 
Port Blair 4.8 7 7 5 7 7 7 

Average 4.0 3.7 4.3 3.7 3.3 4.0 4.0 

'Lower numerical values indicate higher degree of tolerance for acid lowland soil. 

with 9.0 for Nona Bokra and 7.0 for Pokkali phenotypic acceptability and were utilized as par
(Table 18). cnts in the breeding program. For acid-lowland 

The anther culture lines IR51500-AC9-7 and conditions, anther culture lines IR51500-AC9-7 andIR53649-AC3, which were also evaluated in the 8th IR53649-AC3 were used as parents in the breeding
International Rice Acid Lowland Observational program in Myanmar.
 
Nursery (IRALON) in 1990, performed as well as or
 
better than the acid soil-tolerant varieties in locations PROTOPLAST 
 CULTURE AND 
in Myanmar, India, and Indonesia (Table 19). The PLANT REGENERATION
 
antherculture line IR51500-AC9-, ha, a phenotypic 
 Regeneration from primary callus of japonica
rating of 1 with two levels of P (0 and 60 kg/ha) in rice. A reproducible plant regeneration system from
Unit Tatas in Indonesia. rice protoplasts isolated from primary calli has beenFive anther culture lines were utilized as donor established for four japonica varieties: Zhonghua
parents for breeding programs in five countries No. 6, Zhonghua No. 9, line 02428, and Giza 3030
(Table 20). In Egypt, anther culture line IR51500- 21-2-3. Embryogenic caili were induced fromAC 11-1 was used as a parent because of tolerance immature embryos within I mo. Exposure of emerg
for salinity, excellent phenotypic acceptability, high ing calli to light intensity of 3000 lx for 10 d wasyield potential, and resistance to Bi. In Thailand, two beneficial for the formation of globular structures.
anther culture lines, iR51491 from IR4630/Pokkali Careful selection of embryogenic callus was impor
and IR51500 from IR5657/IR4630, had very good tant for the isolation of sufficient protoplasts and 
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Table 20. Use of anther culture-derived lines as parents in hybridization programs in 
5 countries, 15th IRSTON, 1990. 

Anther culture Characters selected for breeding, 
Country line (donor 

parent) Blast resistance Phenotypic Salinity Yield 
acceptability 

x x 
IR51491-AC4-7 

Bangladesh IR51491-AC4-6 
x x 

IR51500-AC11-1 x x 
x 

Mexico IR51500-AC9-7 - x x x 
Thailand IR51491-AC4-6 - x 

Egypt 1R51500-AC11-1 x x x 

- x IR51491-AC4-7 
IR51500-AC11-1 - x - x 

- x IR51500-AC11-3 
- x IR51500-AC9-7 

Dominican Republic IR51500-AC11-1 - - x 
IR51500-AC11-3  - x 
IR51500-AC9-7  - x 

'x refers to the parent selected for aspecifi, character. 

Table 21. Plant regeneration from protoplasts isolated from primary calli in japonica rices. 

Calli (no.) transferred Calli producing plants Regenerated 
Variety to regeneration plants 

medium no. % (no.) 

Zhonghua no. 6 452 393 86.9 839 
Zhonghua no. 9 294 158 53.7 351 
02428 180 150 83.3 258 
Giza 3030-21-2-3 315 306 97.1 662 

Total, av 1241 1007 81.1 2110 

subsequent plant regeneration. Nurse cells had to be 	 the developed, whitish friable colonies were trans
ferred to MS medium, each liter supplemented withused to sustain protoplast division and colony forma-

tion. High-frequency regeneration of protoplast- 2 mg 2,4-D and I g casein hydrolysate (MSCH2) 6 

derived calli was achieved for the four varieties wk after initiation and were cultured thereon for I 

tested. More than 2,000 plants were regenerated mo. Prolonged subculture in MSCH2 resulted in 

(Table 21). Those grown in the screenhouse set whitish and compact colonies, so part of the cell line 
was subcultured in medium supplemented with aminoseeds. 
acids. After a month of subculture, the cell lineRegeneration from protoplasts of indica rice. 

Establishment of cell suspension in IR58. Seed-	 became very fine and creamy yellow in color, and 
the cells were small (about 30 .m in diameter),derived calli with globularembryos that were friable 
round, and had active cytoplasm, typical of theand off-white to pale yellow were selected for inocu-

lation. The embryos either proliferated atop nonem- embryogenic cell suspension ideal for protoplast 

bryogenic calli or on the basal part of the scutellum- isolation (Fig. I la). 

derived calli and grew on the callus induction me- Protopiast isolation and culture. After incubat

dium. ing the suspension cells for 4-5 h in the enzyme 

Embryogenic calli inoculated in R, medium solution, protoplasts (Fig. 1Ib) were collected and 

containing I g casein hydrolysate/liter (MR2) were purified and plated onto the regeneration medium. 

suitable for initiation of cell suspension. Although The protoplasts started to divide 4-5 d after culture, 

some calli turned brown, many retained their origi- and multicellularcolonies (Fig. I Ic) appeared within 

nal color after prolonged subculture. After a month 2 wk. The colonies developed into microcalli and 

in MR2, the calli became more friable. A portion of could be seen with the naked eye after 4 wk. 
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J. 

11. Plant regeneration from 1R58 protoplasts. a)embryogenic cell suspension used for protoplast isolation, b)freshly isolated IR58
protoplasts, c)multicellular colonies 2wk after plating, d)embryogenic protoplast-derived calli selected for regeneration, e)protoplast
regenerated nlants. 

Nurse cells increased plating efficiency, espe-
cially when using suspension cells rather than proto-
plasts, as nurse culture, 

Plant regeneration.The protoplast-derived colo-
nies of IR58, which proliferated in N, medium hay-
ing 8 ng kinetin/liter, resulted in the formation of 
embryogenic calli (Fig. I d). The calli were selected 
and plated on MS medium, each liter supplemented 
with I mg naphthalene acetic acid (NAA), 8 mg 
kinetin, and 30 g sucrose (MhAg), or in a medium 
(M6MAg) similar in composition to M, Ag, but hav-
ing maltose instead of sucrose. The M,MAg proved 
to be the best regeneration medium as all of the 
plated calli turned green in some cases. Hence, in 
subsequent regeneration studies, the calli were plated 
only on M6MAg. More than 900 green plants have 
been regenerated from these experiments, with an 
average of6 plants produced per responding callus. 

With IR43, regeneration frequency was higher 
when maltose rather than sucrose wa!; used as a 
carbohydrate source (Table 22). Moreover, ahigher 

response was observed in IR43 with R, as the basal 
medium (Table 23). IR43 was more amenable to 
tissue culture than IR58. Selection of embryogenic 
protoplast-derived calli was an important step for 
high frequency plant regeneration in IR58. We have 
regenerated 3,000 plants from protoplasts of IR43 
and 900 plants from IR58 protoplasts. Of these, 750 
regenerated IR43 and 506 IR58 plan,-,were grown to 
maturity. 

Plantregeneration from protoplasts is a key factor 
in genetic transformation of rice. With the success in 
regeneration from protoplast culture of indica and 
japonica rices, we have intensified our efforts on 
protoplast-mediated DNA transformation. Prelimi
nary experiments on transformation show transient 
expression for reporter genes. 

NEXT STEPS 
Ongoing research to develop asaturated genetic map 
of rice will continue. We will emphasize use of the 
isoelectric focusing technique to map additional 
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Table 22. Effect of carbohydrate source on plant regeneration in IR43 protoplast-derived 
calli." 

Carbohydrate Calli (no.) Calli (%) Plants (no.) Plants 
Experiment source in transferred to showing per regenerated

regeneration regeneration plant regenerating (no.) 
mediumb medium regeneration callus 

Replication 1 Maltose 166 74.5 2.8 178.5 
Replication 2 Sucrose 166 7.5 1.6 10.5 

°Av of 2 replications. bA liter of R,medium was supplemented with 5mg kinetin, 1mg naphthalene acetic 
acid (NAA), 6 gagarose type 1,and 30 gof either maltose or sucrose. 

Table 23. Effect of basal media on plant regeneration from IR43 protoplast-derived calli. 

Calli (no.) Calli (%) Plants 
Basal transferred to showing (no.) per Plants 
medium, regeneration plant regenerating regenerated 

medium generation callus (no.) 

R, 84 70 2.8 165 
N, 84 21 2.0 37 
MS 84 35 2.5 75 

'Aliter of regeneration medium was supplemented with 30 gmaltose, 5mg kinetin, 1mg NA, and 8 g 
agarose type I. 

isozyme loci on rice chromosomes. We will locate 
centromeres on the linkage map of rice through 
RFLP analysis of the characterized secondary tri
somics. Populations derived from crosses of secon-
dary trisomics with mutant markers and isozyme 
testers will be analyzed to locate genes on specific 
arms of rice chromosomes. We will continue to 
generate and analyze plant materials for tagging 
genes that govern various economic traits. 

To widen the rice gene pool and develop useful 
materials for various ecosystems, research on wide 
hybridization will continue. We will continue efforts 
to identify new cytoplasmic sources of male sterility 
for use in hybrid rice improvement. We will inten-
sify use of molecular markers for monitoring alien 
genetic variation and tagging of alien genes intro-
gressed from wild species into the elite breeding 
lines of rice. Germplasm of wild species will be 
screened for apomixis. Anther culture of selected 
materials generated for various ecosystems will be 
used to develop homozygous lines possessing useful 
traits. We will expand our research work on genetic 
transformation and production of transgenic rices 
with enhanced resistance to pest,, diseases, and abi-
otic stresses. 

Subprogram III: Ecosystem
characterization and impact analysis 

Biophysical and socioeconomic 
characterization 

RICE-GROWING ENVIRONMENTS IN BAHRAICH, 
UTTAR PRADESH, INDIA 
To better understand the farming circumstances, 
which include important production problems and 
their causes, and to design appropriate solutions to 
the problems, we undertook a detailed study of the 
environmental conditions in Bahraich district at the 
meso level. The study was conducted in five rice
growing blocks of the district--Gilaula, Payagpur, 
Bisheshwar Ganj, Risia, and Fakharpur-selected 
by the Uttar Pradesh State Department of Agricul
ture. (A block is an administrative subunit of the 
district, covering several gram samajs. A gram samaj 
is a cluster of four to five villages forming one local 
administrative unit of a block.) Information on rice 
and rice environments was collected from about 
10% of the gram samajs. This comprised 10-15% of 
the rice area in each block. Hydrological information 
was also collected from other parts of the district. 

The study was conducted by teams of researchers 
from Narendra Deva University of Agriculture and 
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Technology and IRRI; personnel of the Department 
of Agriculture at the district, block, and village 
levels; and groups of farmers in each village. 

The teams used various Rapid Rural Appraisal, 
diagnostic survey, site characterization, and farming 
systems analytical tools and techniques in the study. 
The methods also included systems diagnosis (prob-

lem diagnosis), which involved key farmer infor-

mants, interviews of individuals and of farmers' 

groups, direct field observations and measurements, 

and use ofsecondary information. From the analysis, 

the following were prepared: 

" At the village level: 


- agroecosystem maps (topography, hydrology, 
social, and enterprise maps); 

-cropping calendars and crop management 
practices; and 

- a list of important problems and possible solu-
tions. 

" At the district level: 
-consolidated maps of agroecological zones 

(hydrology, landforms, and riceculture types); 
- general rice crop management practices for 

each rice culture type; and 
-a list of important problems and research is-

sues. 
Site description. Bahraich district lies between 

27*4' and 28*24' N and 81"3' and 82"13' E. It is 
bounded by Nepal in the north, Barabanki district in 
!he south, Sitapur and Khiri in the west, and Gonda 
in the east (Fig. 12). Rice is the main kharif (wet 
season [WS]) crop and wheat the main rabi (dry 
season [DS]) crop. Almost all the riceland in Bahra-
ich district is rainfed. The rice areas in the district are 

located in the central plateau and in the river basins 
and valleys. 

Upland rice areas, located mainly in the central 
plateau, have both 	bunded and unbunded fields. 
These areas are cultivated to dryland rice because 
they cannot be irrigated or hold water and do not 
experience floods or waterlogging. The crop often 
suffers from drought during dry spells in WS. 

Lowland rice areas are usually bunded and have 
variable surface and subsurface hydrology. Ricefields 
in the central plateau have shallower surface water 
depth (0-10 cm) and a deeperground water table than 
fields in the river basins and valleys. Some areas, es
pecially along riverbanks, are subject to flash floods. 
River valleys and depressions are prone to waterlog
ging of varying depths and durations. 

Land characteristics. The major landforms in 
Bahraich are plateaus, river basins, and valleys (Fig. 
12). Lowland rice is cultivated mostly in the river 
basins and valleys, and upland rice in the central 
plateau. The central plateau is an almost level plain 
broken only by slight undulations and small drainage 
channels or by depressions planted to a late crop of 
rice. The Ghaghra Basin extends from the western 
edge of the high bank to the river. Its width varies 
from 15 km in the north to 60 km in the south. The 
plain is crossed in every direction by numerous 
channels. 

The physiography of Bahraich varies markedly 
within short distances. Of the area cultivated to rice, 
about 6% is convex, 61% flat, 17% gently sloping, 
5% steeply sloping, and 11% low-lying or swampy 
(Table 24). Most of the sloping lands are in the 
Ghaghra Basin and Rapti Valley. The landform 

Table 24. Physiography, and soil type in blocks of Bahraich, Uttar Pradesh, India. 

Physiography (%of rice area) 

Block Convex Flat Gentle Steep Low Soil type
slope slope lying 
(<3%) (>3%) 

Risia 	 17.7 48.2 12.7 13.4 8.0 Loam, sandy loam 
(0-50) (10-100) (0-30) (0-20) (0.50)

Gilaula 3.8 55.9 28.4 6.6 5.3 Loam, clay loam, 
(0-40) (30-90) (10-60) (0-20) (0-15) sandy loam 

Payagpur 1.7 60.6 21.6 4.2 11.9 Loam, clay loam,
(0-20) (40-100) (0-40) (0-20) (0-30) sandy loam

Fakharpur 	 6.4 74.3 5.0 1.0 12.8 Loam, clay loam, 
(0-20) (40-80) (0-30) (0-10) (0-20) sandy loam 

Bisheshwar Ganj 	 0.0 66.8 15.7 2.1 15.8 Loam, clay loam,
(0-0) (20-100) (0-40) (0-20) (0-50) sandy loam 

'Mean of 10 village clusters in each block. Values in parentheses are ranges within each block. 
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varies within the political boundaries of the blocks 
and village clusters, but is more regular when grouped 
according to slope contours or viewed as a district, 
Hydrological patterns follow the physiography of 
the landscape. 

Soil types are fairly uniform throughout Bahraich 
district. Loam and clay loam soils predominate in all 
blocks studied. The dominant soil types are given in 
Table 24. Fakharpur block showed loam, clay loam, 
and silty loam soils. The soil texture along the 
Ghaghra and Rapti Rivers is generally light and 
varies from year to year. 

Rapti Valley is one of the most fertile parts of the 
district. Deposits left by floods of the Rapti River 
have fertilizing effects. In most areas, alluvial crust 
overlays the substratum sand, which, in land adjoin-
ing the Sarju River, is constantly enriched with 
fertile deposits. 

The dominant soil types in the valley are loam and 
sandy loam, with distinct alluvial characteristics 
except where the deposits are thinly spaced over 
sandy subsoil. 

The soil in the Ghaghra Basin resembles that of 
Rapti Valley but with more variable characteristics, 
The floodwaters of Ghaghra River leave large de-
posits of sand. However, sandy soil in the immediate 
vicinity of the river forms only a small portion of the 
cultivable area in Bahraich district, 

The soil of the central plateau is medium-texture 
fertile loam on which excellent crops of wheat, 
upland rice, and other staples grow. 

Use of the nutrient index adopted by the National 
Soil Testing Scheme, Indian Agricultural Research 
Institute shows that most areas in .ahraich have low 
organic matter (N reserve), mediu'a levels of P, and 
low levels of K. Zn deficiency in rice has become 
widespread because of inherently low Zn levels in 
the soil and continuous submergence. Some pub-
lished reports indicate an excellent response of rice 
to Zn application. 

In Bahraich, un!ike nearby areas, salinity or other 
soil-related problems are almost nonexistent; the 
few patches of saline soi!s cover less than 0.5% of the 
totalagriculturalarea.Thisisattributedmainlytothe 
continued use of numerous deep and shallow wells. 
As a result, any salinity buildup in the upper horizons 
of the profile is leached to deeper layers during WS 
and the entire profile is recharged with fresh water. 
In effect, any salt present is recycled seasonally 

within the profile, and does not build up in the soil. 
In the adjoining areas irrigated mostly by canal 
water, subsurface salts build up on the surface and 
salinity is increasing with time. 

Hydrology. The hydrology of Bahraich ricefields 
is highly variable and complicated (Fig. 13). 
M Some areas experience numerous floods of dif

ferent depths. These areas may appear perma
nently inundated during rainy season as flash 
floods occur successively and before waters from 
previous floods have fully receded.The depth and 
duration of surface water vary considerably dur
ing the season. 

U Low-lying areas away from rivers or streams also 
are flooded with runoff from higher areas. 

U Areas flooded by flash floods, rain, or runoff 
where the floodwater recedes very gradually 
appear to have several water depths in a growing 
season. 

M Some areas that are flooded gradually also show 
several water depths in a growing season. 
These situations, which areespecially pronounced 

in some parts of the Bisheshwar Ganj and Fakharpur 
blocks, complicate the measurement and classifica
tion of water depths and necessitate frequent moni
toring of the surface hydrology. The sources of 
flooding (runoff, rains, or rivers) also should be 
identified as they have different influences on rice 
productivity. 

The Bahraich hydrology is further complicated 
by recent construction of roads and canals. The Sarju 
maincanal passes through Risiaand Payagpurblocks, 
and causes extensive flooding and very slow water 
recession. Consequently, rice areas that were typi
cally upland are now being flooded to different 
depths for several months and areas that were prone 
to shallow flooding are now experiencing deeper 
floods. The changes have substantially increased the 
extent of flooded areas during the rainy season. As a 
result rice production has been abandoned in 
Lakhiapur Jadid village clusters in Risia, Lakhan 
Gonda and Raniapur Goverahi in Bisheshwar Ganj, 
and Talab Baghel in Payagpur blocks. In other areas, 
farmers reduced input use because of the risk of 
flooding. Where waterdepths exceed 50 cm, average 
rice production varies from none in the worst years 
to 1.04 t/ha. 

The district is crisscrossed by numerous rivers 
and streams and their tributaries. Except in the cen
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tral plateau, most ricelands are found in river basins The main sources of irrigation water in Bahraichand valleys. Areas along the riverbanks are flooded district (Table 26) are deep tubewells, either governseasonally to various depths. Some large tracts are ment or privately owned; shallow tubewells, mostlysubmerged perennially. Numerous lakes and ponds privatelyowned; and low-lift portable pumps, mostly
retain 2.1-2.8 m water for 7 to 9 mo (July-March), privately owned.
and provide water for irrigation in DS. Lake Baghel The number and density of the irrigation sourcesTal is an important water source of this type. vary markedly within and among blocks. The vari-Numerous ponds and pools in the district were ation among blocks is largely due to diverse physiformed during excavations for clay and silt for ography and surface hydrology. The variation amongdomestic construction. Village clusters in the study villages within blocks is related to the resourcefularea have 6-30 ponds, averaging 14 per village ness of farmers and their political influence. Thecluster (Table 25). The pond size (average 0.46 ha) numberofirrigation units, mainly shallow tubewellsand water depth (average 2.5 m) are nearly uniform, and pumps, is not proportional to the extent of theThe ponds contain 7.2 to 307.6 ha m water (1 ha m cultivable area but to the capacity (social and eco= 10,000 m3) for more than 8 mo/yr. Pond water is nomic status and political influence) of individualused primarily to irrigate DS crops (mainly wheat), farm households, villages, or village clusters toserve 

to provide drinking water for livestock, and for them. 
raising fish. 

Table 25. Attributesof ponds and pools (average per village cluster) inblocks, of Bahralch,
Uttar Pradesh, India. 

Ponds and pools 
Periodb Volume ofBlock no. Average Average with water waterO 

size water depth (mo) (ha m) 
(ha) (m) 

Risia 6 0.52 2.3 7.2 7.18Gilaula 16 0.38 2.8 9.2 14.59Payagpur 9 0.40d 2.1 8.3 307.56Fakharpur 7 0.60 2.8 8.3 11.76Bisheshwar Ganj 30 0.40 2.5 8.0 30.00 
'Mean of 10 village clusters

3
ineach hlock. bAbout 25% ponds have water throughout the year. 'One ham isequivalent to 10,000 m watet w)e pond inthis block is2,000 ha in size, and is not included inthis 

mean. 

Table 26. Irrigation sources, inblocks of Bahraich, Uttar Pradesh, India. 

Irrigation source (no./village cluster) Pond water 

Block Deep Shallow Pumps Volume Depth b Cultivated 
tubewells tubewells (ha m) (cm/ha) area (ha/ 

villagecluster) 

Risia 1.0 21 12 7.18 2.8 256Gilaula 2.5 59 36 14.59 3.8 385Payagpur 4.4 21 14 307.56 103.5 297
Fakharpur 0.3 29 8 11.76 2.5 468Bisheshwar Ganj 2.3 31 16 30.00 10.6 282 
'Mean of 10 village chsters per block. "Field water depth if available pond water is used to irrigate
cultivated area ineach block. 
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The irrigation service area per irrigation source 4 to over 8 m in DS (Table 28). The average fluctua

also varies among blocks and village clusters (Table tion between seasons is about 3.6 m. About 60% of 

27). On average, there is one deepwell for every 300 the cultivated land has a shallow ground water table 

ha, varying from 61 ha in Payagpur block to 937 ha (1-2 m deep). This greatly influences the flooding 

in Fakharpur block. The uneven distribution of 	 and submergence pattern especially in low-lying 
areas with poor drainage and poor soil permeability.deepwells has caused a large variation within and 

among blocks. The analysis indicates that the irriga- Water table depth is also influenced by the level of 

tion sources are more evenly distributed in Risia water in the rivers. 

block, followed by Payagpur, Fakharpur, Gilaula, The district has no drainage canals. Rivers and 

streams provide natural drainage. During rainy seaand Bisheshwar Ganj. 
The average depths of the water table in the five son, their catchment areas exceed their drainage 

capacities and hence they becomeasource of floodblocks are 1.96 m in WS and 5.52 m in DS. This 
water. Only in the DS do they serve as drainage sinksvaries from less than 2 m to over 6 m in WS and from 

Table 27. Irrigation service area, (ha per unit of irrigation source and per ha m waterb in 
ponds) in 5blocks of Bahraich, Uttar Pradesh, India. 

Irrigation service area (ha/unit irrigation source and /ha m pond water) 
Block 

Deep Shallow Portable Ponds 
tubewells tubawells pumps 

Risia 255.7 (390.4) 12.2 (18.5) 21.3 (29.7) 35.6 (140.3) 
Gilaula 154.1 (309.7) 6.6 (17.1) 10.6 (32.5) 26.3 (71.8) 
Payagpur 60.8 (177.9) 14.0 (15.0) 22.0 (24.1) 0.1 (18.5) 

41.6 (176.2)Fakharpur 936.7 (1277.5) 16.0 (20.8) 55.8 (60.4) 
(37.5) 9.3 (45.9)Bisheshwar Ganj 98.1 (313.2) 9.0 (14.4) 17.2 

Mean 301.1 (493.7) 11.5 (17.2) 25.4 (36.8) 22.6 (90.5) 

3water. Values inparentheses,Average of 10 village clusters ineach block. bOne ha m equals 10,000 m
are cumulative means computed separately for all units of irrigation sources ineach village cluster and 
averaged for the block. 

Tab!e 28. Cultivated area' by water table depth (m) in 5 blocks of Bahraich, Uttar Pradesh, 
India. 

Cultivated area %) 
Depth to 

Bisheshwarwater table 
(m) Risia Gilaula Payagpur GanjFakharpur 

WS DS WS DS WS DS WS DS WS DS 

1 22 30 22 50 62 

> 1- 2 33 40 12 17 13 

* 2- 3 - 20 22 12 33 17 13 

* 3- 4 12 12 10 10 33 - - 17 13 25 

> 4- 5 - - - 20 11 22 17 - 38 

* 5- 6 22 11 - 50 - 22 33 - 12 

* 6- 7 11 44 - 20 - 33 16 25 

> 7-8 11 
> 8-9 11 11 -

> 9-10 
>10-11 11 -

Average 3.2 6.9 1.2 5.0 2.7 5.9 1.3 4.8 1.4 5.0 
depth (m) 

'A'an of 10 village clusters in each block having an average cultivated area of 337 ha. WS = wet season, 
Db = dry season. 
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because of lower water level. This is undesirable for 
agriculture because of the lack of moisture in DS. 

The district has only one large flood control dike, 
a 105-km-long dike locat%., along the Ghaghra River 
and extending from Nanpara to Kaisar Ganj block, 
The dike protects large areas along the riverbanks 
from flash floods. However, areas between the dike 
and national roads become flooded for long periods 
because of the slow surface drainage. The situation 
is serious in areas of Nanpara on the west side of 
Risia block and near Ghagharaghat in Kaisar Ganj
block. 

Rice-growingenvironments. About 71% (23,000 
ha) ofilhe average agricultural cultivated land in each 
block is used for rice cultivation. However, Pay-
agpur block has less riceland (57.8%) because of 
extensive deep flooding in Talab Baghel and Mo-
hanpur Mafi village clusters. 

Rice areas under different water regimes have 
highly variable conditions within and among blocks 
as well as within village clusters. Lowland rice areas 
in the plateau and river basins or valleys are affected 
by flash floods. Some flash floods result from river 
overflows, others from runoff from higher areas. 

The duration and frequency of flash floods vary
within blocks and village clusters. In general, low-
land rice areas (with 0-10 cm water depth) in the 
plateau are inundated for 3-5 d per flash flood and 
low-lying areas of the river basins and valleys flood 
for 10-15 d or longer. Floodwaters in areas along the 
river banks drain in 4-5 d, while those in low-lying 

patches receiving runoff take 10-15 d or longer to 
drain. 

Water reghnies. Table 29 gives the rice areas and 
percentages of those areas cultivated under different 
water regimes in the study area. The shallow (0-10 
cm) riceland in rainfed bunded fields is generally 
called upland in Uttar Pradesh. These areas accumnu
late up to 10-cm-deep water during most of the 
growing season. Only 3% of these areas receive 
supplemental irrigation when needed. Most areas 
with supplemental irrigation are in BisheshwarGanj 
and Fakharpur blocks. Growing conditions in the 
shallow rainfed areas and in areas with supplenen
tal irrigation are similar during most of the season. 

In rice areas with different water regimes, water 
depths depend on the water-holding capacity of the 
soils, height of the bunds, rainfahl patten and inten
sity, and other related hydrological conditions. 

Floods. Babraich experiences at least Iwo flash 
floods almost every year. Water accumuiates at 
variable depths in low-lying areas with poor drain
age. Flood affects about 67% of the rice area in 
the district (Table 30): 39.4% once, 11.8% twice, 
and 15.7% thrice per WS. In midlands and up
lands, floodwaters remain for 3-4 d with one flood 
and 10 d if flooded twice in succession. In low
lying areas, flooding lasts for 60-120 d.The shallow 
(0-10 cm depth) category of rainfed lowland is 
flooded twice per WS, and all other categories three 
times. 

Table 29. Rice area under different water regimes in 5 blocks, of Bahraich, Uttar Pradesh, India. 

Total 
Block rice Irripated 

area 
(ha) 

Risia 16,241 

Gilaula 20,125 

Payagpur 12,268 

Shallow 


0-10 cm 10-30 cm 


84.3 0.6 
(75-100) (0-5) 

Fakharpur 19,878 7.7 16.7 43.2 12.8 
Bisheshwar Ganj 14,957 

(0-30)
7.5 

(10-50)
59.5 

(10-50)
6.4 

(10-200)
8.7 

Mean 16,694 
(0-30)
3.0 

(25-100)
51.2 

(2-25)
18.8 

(2-25)
9.9 

'Average of 10 village clusters ineach block. Values inparentheses are ranges. 

24.3 28.3 17.5 
(10-98) (2-75) (10-30)
71.0 15.7 10.1 

(5-100) (4-44) (4-40) 

Rice area (%) 

Rainfed lowland 

Medium 

(30-50 cm) 

Deep Very deep 

(50-100 cm) (>100cm) 

Flash 
flooded 

0.6 
(0-5) 

2.3 12.2 5b.7 
(0-10) (5-50) (0-100)

15.1 10.3 50.0 
(20-50) (10-40) (5-100)

1.9 1.3 52.9 
(2-30) (0-6) (0-100)
9.0 7.1 49.3 

(10-50) (10-20) (10-100)
8.3 7.8 27.3 

(3-25) (10-25) (2-100)
7.3 7.7 47.0 
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Table 30. Rice area under different water regimes and frequency and duration' of flood per season in Bahraich. 
Uttar Pradesh, India.' 

No flood 1 flood 2floods 3 floods Total 
Water regime area area 

(depth in cm) I%) Area Duration Area Duration Area Duration (%) 
(M) (d) (/) (d) (%) (d) 

Irrigated 3.0 0 0 - 0 - 3.0 

Rainfed lowland 
Shallow 

0 - 51.20-10 29.3 18.8 3 - 4 3.1 10 
60 - 90 8.5 90 - 120 18.810-30 0.1 8.8 60 - 90 1.4 

Medium deep 
2.4 90 - 120 9.960 - 90 1.8 60 - 9030-50 0.0 5.7 

Deep 
- 120 3.0 90 -120 1.6 90 - 120 7.350-100 0.0 2.7 90 

Very deep 
0.0 3.4 90 - 120 2.5 90 -120 1.8 90 - 120 7.7100 

1.4 3 - 4 1.4Only flashflooded 0.0 0 - 0 

,Some areas (about 20%) in "Deep" and "Very deep" water category remain flooded for more than 6mo. 'Mean of 5blocks, each 
with 10 village clusters. 'Percent of total rice area. 

Of the shallow areas, 18.8% is flooded once and 
3.1% twice per WS. Risia and Payagpurblocks have 
the greatest flooded area in this category. 

In the area with 10-30 cm water depth, 8.8% is 
flooded once, 1.4% twice, and 8.5 ,.iticeper WS. 
Risia block has the least (0.6%) area under this 
category, and Fakharpur block (43.2%) has the most. 

Flooding patterns in medium deepwater (30-50 
cm) areas are similar to those of shallow (10-30 cm 
depth) areas. Gilaula block has the largest area in this 
category and Risia block the least. 

Agreater part of the deepwater areas experiences 
two floods per WS, with Risia block having a larger 
flooded area than other blocks in the district. 

Drought. Ingeneral, two droughts occur per WS 
in the area surveyed (Table 31). Drought most se-
verely affects the 0-10 cm shallow lowland rice 
areas. In most places, drought lasts 15-20 d per 
occurrence. 

In the rainfed lowlands with 0-10 cm water depth, 
all blocks except Fakharpur are subject to two 
droughts per WS (Table 31). Most of the Fakharpur 
block rice areas are in the lowerplains of the Ghaghra 
Basin and experience drought early or toward crop 
maturity, but rarely ;n the middle of the growing 
season. 


Risia block has the largest area with the 0-10 cm 
water depth regime, the least number of irrigation 
sources, the deepest water table, the gre,,itest area of 
steep slopes, and coarse-textured soils. The irriga-
tion sources in Risia are hampered by lack of elec-
tricity, and by aged and unevenly distributed wells. 

Therefore, even short-duration droughts severely 
affect crops in this block. 

In the 10-30 cm rainfed lowland rice areas, Risia 
block is least affected by drought and Fakharpur 
block most. Only Gilauba block experiences two 
droughts per WS, primarily due to its uneven physi
ography. Inthe medium deepwater areas, Payagpur 
and Fakharpur blocks are affected by one drought 
whereas Gilaula is affected twice per WS. In deep 
and very deepwaterareas, only small areas in Gilaula 
are affected by drought prior to the monsoon 
(Table 32). 

Ricecultivation andassociatedagronomic orac
tices. Farmers establish rice by direct seeding (broad
cast or drilled) or transplanting with or without fixed 
spacing. They select the method most appropriate for 
the soil and hydrological conditions. Early and long
duration rices are cultivated throughout Bahraich. 
Early rice issown in June or early July and harvested 
in November. Long-duration rice is transplanted in 
July to early August and harvested in late December 
to early January. In low-lying areas, transplanting in 
WS is delayed to avoid floods at the early stage of 
growth. 

About 58% of the rice is transplanted with or 
without fixed spacing and 42% is direct seeded: 
broadcast and drilled in rows. Of the direct seeded 
area, about 36% is dry seeded (from 22% in Pay
agpur to 50% in Risia). Wet seeded rice covers 64% 
of the rice area (from 50% in Risia to 78% in 
Payagpur).
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Table 31. Rice area, with different frequencies of 
drought in 5 blocks of Bahralch, Uttar Pradesh, India. 

Rice area (%)at given 
d-, ught frequency Areab

Blocp 

0 1 2 


Shalfkw water (0-10 cm) rice area 
Risia 0 75.8 8.5 84.3 
Gilaula 0 1.0 23.3 24.3
Payagpur 0 52.6 18.4 72.0
Fakharpur 0 16.7 0 16.7 
Bisheshwar Ganj 0 20.4 39.1 59.5 

Average 0 33.3 17.9 51.4 

Shallow water (10-30 cm) rice area
Risia 0.6 0 0 0.6 
Gilaula 4.8 3.7 19.8 28.3
Payagpur 11.0 4.7 0 15.7 
Fakharpur 13.3 29.9 0 43.2Bisheshwar Ganj 3.1 1.7 1.6 6.4

Average 6.6 8.0 4.3 18.8 

Medium deepwater (30-50 cm) rice area
Risia 0.6 0 0 0.6 
Gilaula 5.9 5.5 6.1 17.5Payagpur 5.4 4.7 0 10.1
Fakharpur 5.2 7.6 0 12.8
Bisheshwar Ganj 8.7 0 0 8.7

Average 5.2 3.6 1.1 9.9 

'Mean of 10 village clusters ineach block. bPercent of total rice area. 

Table 32. Rice area under different water regimes and 

frequency and duration, of drought during WS in 5

blocksb of Bahraich, Uttar Pradesh, India. 


Rice area (%)at given

Water regime drought frequency Areac

(depth in cm) 


0 1 2 

Irr;gated 3.0 0.0 0.0 3.0 

Rainfed lowland 

Shallow 


0-10 0.0 33.3 
 17.9 51.2 
10-30 6.4 8.1 4.3 18.8 

Medium deep30-50 5.0 3.6 1.3 9.9
Deep 

50-100 5.5 1.8 0.0 7.3Very deep
>100 6.3 1.4 0.0 7.7 

Only flashflooded 0.0 1.4 0.0 1.4 

'Duration o drought is reported to be 15-20 d per occurrence; 
once in 7 yr, drought exceeds 2 mo. bMean of 5 blocks, eachhaving 10 village clusters. 'Percent of total rice ai ea. 

Rice yields. Table 33 shows yields under dffer
ent water regimes. Irrigated rice produced the igh

est average yields (3.12 t/ha) on the smallest land 
area (3%). Rainfed shallow (0-10cm) lowland areas
yielded an average of 2.42 t/ha.

The average yields in rainfed areas of 10-30, 30

50, 50-100, and > 100 cm water depths are low (1.07 
to 1.8 t/ha) and very unstable because of 1)highly
variable hydrological conditions from year to year,
and 2) the low levels of input use because farmers are 
averse to losing expensive inputs during floods. 

Fertilizer and other inputs. Most farmers use 
organic manure as well as inorganic fertilizers. 

However, green manuring is not practiced because
of lack of water in DS (before the beginning of the 
rice season) and because stray and wild animals
destroy green crops during summer. Farmers build 

bunds to conserve soil and water. 
Inputs, except herbicides, are generally applied in 

shallow lowland (0-10 and 10-30 cm) and irrigated 
areas only. Table 34 presents the levels of input use
in the district. Because of the inadequacy of manure, 

its application is rotated among fields every 3-4 yr.
Various insecticides are commonly used in Bah

raich, primarily during crop growing and grain
filling stages, to protect the crop from grain-sucking 

insects. The average rate of insecticide application inthe district is high: 12.9-25.4 kg/ha. Even in Risia 
and Fakharpur blocks, where farmers reported that 
light traps effectively control insects, insecticide 
application averaged 13.0 kg/ha. Such practices may
have serious environmental, health, and economic 

consequences.
 
Problems and suggestions. Groups of farmers


and key farmer-informants in all the blocks studied
 
enumerated their common problems in rice cultiva
tion (Table 35). The problems were grouped in two
 

classes: problems that existed 10 yr ago, and prob
lems that arose within the last 10 yr. Many problems

are common to both periods, but their extent has 
changed with time. 

Lack of irrigation and drainage facilities, flash
flooding, and unavailability of fertilizers are com
mon in both periods. New weed species, labor short
age, bureaucratic difficulties in the Integrated Rural 
Development program, late-maturing modem varie
ties, and wild and stray animals are nev -hlems.Drainage and flood problems, cnm. 0 both 
periods, increased significantly in all blocks because 
of the construction of new roads and canals. That 

Cross-ecosystems research 155 
, / , 
f/: - I, 

'- /f/ 



Table 33. Rice yields under different water regimes in 5 blocks* of Bahraich, I: ttar Pradesh, 

India. 

Rice yield (t/ha) 

Rainfed lowland 
Block 

Irrigated Shallow Medium Deepb Very deepb Flash 
(30-50 cm) (50-100 cm) (>100 cm)floodedb 

(0-10 cm) (10-30 cm) 

Risia 0 2.1 0.8 0.8 0.7 0.6 0.7 
Gilaula 0 2.9 2.4 2.5 2.1 0.9 2.5 
Payagpur 0 2.3 2.0 2.1 3.0 0 0 
Fakharpur 4.50 3.0 1.8 1.3 1.6 1.3 1.8 
Bisheshwar 1.8 1.9 1.8 1.6 1.5 1.6 1.8 

Ganj 
Average 3.1 2.4 1.8 1.7 1.8 1.1 1.7 

,.Average of 10 village clusters in each block, bin deep and very deep areas, most farmers reported no 
production because of repeated heavy rains, with flood depth and duration of more than 1 m and 20 d, 
respectively, especially at later stages of growth. 

Table 34. Uses of fertilizer and other input- in 5 blocks, of Bahraich, Uttar Pradesh, India. 

Input use (kg/ha) 
Block 

Organic N P 201 K2O Zn Insecticides Herbicides 
manureb 

Risia 8,700 40.0 3.9 0.6 0.6 12.9 0.0 
Gilaula 7,100 34.1 5.5 0.9 6.7 25.4 1.6 
Payagpur 8,500 36.7 13.2 1.1 8.3 21.8 0.0 
Fakharpur 11,400 32.3 11.5 0.0 1.2 13.5 0.0 
Bisheshwar Ganj 8,800 2.0 0.6 0.0 -1.6 17.7 0.0 

'Mean of 10 village clusters in each block. 'Generally applied only in about 15-20% of the shallow lowland 
areas and remaining area scheduled for future years. Other than in Gilaula and Fakharpur, tho medium 
lowland and deepwater areas did not receive organic or inorganic fertilizers. In other blocks, the quantity, 
if applied, is reduced by 50%. 

fertilizer unavailability has been aconstant problem 
over time inidicates that some farmers have long been 
receptive to fertilizer use. Problem- with stray ani-
mals possibly indicate the continuing fragmentation 
of farms, lack of grazing lands, and shortage of 
fodder. 

Most farmers in all village clusters of each block 
suggested the following for raising farm productiv-
ity in Bahraich: 
* 	 for the lowlands, modem rice varieties that are 

early maturing and tolerant of submergence and 
drought, 

" improving irrigation and drainage facilities, 
" effective weed and insect pest control measures 

that reduce pesticide use, 
" forage and multipurpose crops to increase fodder 

supply, 
" controlling wild and stray animals, and 
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N 	removing subsidy on inputs and reducing their 
prices. 
Conclusion and recommendations. Of the rice 

area in Bahraich district, 3%is irrigated, 80% rainfed 
lowland, and 15% deepwater. The remaining 2% has 
mixed hydrology. Of the rainfed lowland, 51.2% has 
0-10cm water depth, 18.8% has 10-30 cm, and 9.9% 
has 30-50 cm. Most of the rainfed lowland rice area 
is drought- and submergence-prone, generally with 
two droughts and two floods in WS. 

Among the various constraints to rice production, 
unfavorable hydrological conditions and lack of 
,eeds of modern varieties appear to be the most 
important. About 67% of the rice in the district is 
affected by floods and 72% by drought. 

This analysis indicates that different agroecologi
cal zones need different sets of research and develop
ment priorities. Because of its large area, the number 



Table 35. Some problems of rice production in 5blocks, of Bahraich, Uttar Pradesh, India. 

Farmers (%)
Problem Typeb 

Lack of high-yielding Old 
varieties 


Lack of irrigation 


Problem of flood 
and drainage 

Fertilizer 
unavailability 

Weeds 

Lack of labor 

Bureaucratic diffi-
culty in rural dev-
elopment program

Late-maturing 
varieties 

Drought 

Stray and wild 
animals 

New 
Old 
New 
Old 
New 
Old 
New 
Old 
New 
Old 
New 
Old 
New 

Old 
New 
Old 
New 
Old 
New 

Risia Gilaula Payagpur Fakharpur BisheshwarGanj 

100 25 62 67 38 
-

30 
-

30 
-

37 
-

30 
35 
37 

78 
25 

40 
50 

29 
10 

67 
50 

30 
20 

55 
30 
30 

80 
10 
10 

62 
10 
5 

90 
-

20 

62 
20 
20 

- 10 - -
- - 38 68 
- - -

44 30 11 37 
- - - -

20 30 30 25 25 

- - - -
25 30 30 

- - - -
20 20 20 20 20 

- - - -
- 50 78 62 

Mean of 10 village clusters in each block. bOld problems refer to those existing since 10 yr ago; newproblems are those that became problems inthe last 10 yr. 

of affected households, anO the high potential for 
improving yields, top priorty should be given to 
rainfed lowland. 

The available technology packages should be as-
sessed against the problems and biophysical and 
socioeconomic conditions in each block to deter-
mine their applicability. Further, there is a need to 
prioritize the thrust of research in each block so as to 
develop technologies that will have the greatest 
impact on rice farming systems' productivity, 

INTEGRATED PEST SURVEY IN CENTRAL LUZON 
A survey on pest management practices and pest 
status in irrigated rice was conducted during four 
consecutive cropping seasons, from the 1987 WS to 
the 1988-89 DS. The survey encompassed various 
components of the system and addressed cropping
practices (including pest management practices), 
levels of pests, and yield. The surveyed population 
was 90 fields chosen at random in four provinces of 
Central Luzon: Pangasinan, Nueva Ecija, Pampanga, 
and Bulacan. The fields were visited three times per 
cropping season. At each visit, we observed crop-
ping practices, crop status, zaid pest levels, 

Each field during each cropping season was 
considered as unique, represented by attributes as 

diverse as the rice variety, method ofcrop establish
ment, amount of fertilizer applied, water status, 
proportion of tillers with deadhearts, proportion of 
leaves with whorl maggot (RWM) damage, propor
tion oftiller area with sheath blight (ShB) symptoms, 
and yield. 

Categorization of the information. This data 
set probably represents some of the most detailed, 
comprehensive information available on a multiple
pest system affecting atropical crop. It was analyzed 
to 1) produce an overall view of the relations be
tween the cropping practices, pest levels, and vari
ationinyieldinagivenareaandoveralimitedperiod 
of time; and 2) delineate a general procedure that 
could be followed to analyze data sets on rice pro
ductivity constraints that may become available in 
the future. 

The variables involved were of differing types; 
some were essentially ordinal (e.g., the rice variety), 
an. some were cardinal (i.e., quantitative, e.g., the 
yield,; some were time-dependent (e.g., the level of 
agiven pest), and some were time-independent (e.g., 
the planting method). One aim of categorizing the 
information was to unify the variables in a single, 
compatible format, so that all the information avail
able could be mobilized. The very large amount of 
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information had to be compacted to make an over-
view of the data possible, to forward interpretations 
ofthedata, andtogeneratehypotheses.Theinforma-
tion was compacted in three phases. 

Compaction over time. Some of the variables 
involved (e.g., water status, pest levels) were time-
dependent. They were represented by a sei of three 

Table 36. List of variables. 

Symbol 

Y 

° Pltg 
CS" 

° FAP 

° IUF 

WCP" 

PLD 
VG" 

EW' 

DS, 

° ShB 

SR, 
° ShR 

BBI 

NBS ° 

LM 
LS 
BS 
BLS' 
BPH ° 

WBP 
ZLH 
GLH, 

NN 
RWM* 

CW 
° LF 

OTH 
° DH 

WHE 
° WB 

WAR 

Variable 

Yield 

Planting method 
Cropping season 
Fertilizer application 

Insecticide use frequency 

Weed control practices 

Planting date 
Variety groups 

Excess of water 

Drought stress 

Sheath blight 

Stem rot 
Sheath rot 
Bacterial blight 

Narrow brown spot 
Leaf smut 
Leaf scald 
Brown spot 
Bacterial leaf streak 
Brown planthopper 

Whitebacked planthopper 
Zigzag leafhopper 
Green leafhopper 
(N.virescens) 
Nephotettix nigropctus 
Rice whorl maggot 

Caseworm 
Leaffolder 
Other defoliators 
Deadhearts 
Whiteheads 
Weeds below the rice 
canopy 
Weeds above the rice 
canopy 

'Variable involved in the cluster analyses. 
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values accounting for the three visits. This sef was 
replaced by a single value, representing the overall 
status of the crop with respect to the considered 
attribute thrcughout the cropping season. Some of 
the pest damages (e.g., deadhearts, ShB) were repre
sented by the highest level observed; others (e.g., 
RWM, brown spot) were represented by the area 

Classes 

Y1 (very low) to Y6 (vory high) 

Cropping practices 
Transplanted (T) or direct seeded (S)
 
Wet (WS) or dry (DS) season
 
Combinations of amounts and dates,
 
from none or minimal (Fl) to very
 
high (F4)
 
Frequency of insecticide application,
 
in 5 classes, from none (10) to very
 
high (14)
 
None, hand weeding, herbicide, and
 
combinations (7classes)
 
Very early to very late (5 classes)
 
7 types of varieties: IR36, IR42, IR64,
 
IR66, R10, and other R-and IR-varieties
 
Water submergence stress in 3 classes
 
(absent to strong)
 
Water shortage stress in 3 classes
 
(absent to strong)
 

Diseases, insect pests, and weeds 
Maximum sheath blight severity, in 5 
classes, from none to very high 
Maximum stem rot incidence, in 3 classes 
Maximum sheath rot incidence, in 2 classes 
Area under bacterial blight severity 
progress curve (SPC), in 3 classes 
Area under narrow brown spot SPC, in 3classes 
Area under leaf smut SPC, in 2 classes 
Area under leaf scald SPC, in 2classes 
Area under brown spot SPC, in 2 classes 
Area under bacterial leaf streak SPC, in 3 classes 
Area under population progress curve (PPC), in 4 
classes 
Area under PPC, in 4 classes 
Area under PPC, in 4 classes 
Area under PPC, in 4 classes 

Area under PPC, in 4 classes 
Area under percent damage progress curve 
(DPC), in 5 classes 
Area under percent DPC, in 2classes 
Area under percent DPC, in 4classes 
Area under percent DPC, in 4classes 
Maximum proportion of damaged tillers 
Maximum proportion of damaged panicles 
Area under weed infestation (below the rice 
canopy) index progress curve (IPC), in 4 classes 
Area under weed infestation (above the rice 
canopy) IPC, in 4classes 



under the injury progress curve using the develop-
ment of the crop as a time frame. 

Compaction o1 ranges: categorization of the in-
formation. The frequency distribution of each 
quantitative variable was analyzed, and a series of 
classes, limited by boundaries, were defined. The 
variation of yield (Y), for instance, was represented 
by six classes: Y 1(0.5 t/ha < Y < 2.75), Y2 (2.75 < 
Y < 3.75), Y3 (3.75 < Y < 4.5), Y4 (4.5 < Y < 5.0), 
Y5 (5.0< Y <5.75), and Y6 (5.75 Y <7.5 t/ha). The 
classes are defined in such a way that they contain 
equivalent numbers of fields. Categorization of the 
quantitative information therefore is a means to 
normalize the data; it also allows us to take into 
account the intrinsic error made in measurements, 
such as in disease assessment or yield estimate. 

Compaction over individuals: buildup ofclasses 
and cluster analyses. Aside from the yield output of 
the system, two broad groups of variables were 
distinguished (Table 36). Through cluster analyses, 
subpopulations of fields were thus characterized 
according to their I) patterns of cropping practices, 
and 2) pest profiles. 

Characterization of cropping practices and pest 
profiles: cluster analyses. The characteristics of 
seven types of cropping practices (PR) and six pest 
profiles (FE) are summarized in Tables 37 and 38. 

Some emerging types of cropping practices are 
described (Table 37). The first type (PR I) was rep-
resented by WS crops where water management is 

Table 37. Patterns of cropping practices (PR1 to PR7). 

Component 
PR1 PR2 PR3 

VG 
Pltg 
FAP 
IUF 
WCP 

B, C, D 
T 
High 
Medium 
No or hand 

Diverse 
S&T 
High 
Low 
Variable 

B, C, D 
S predom. 
High 
Medium 
PEH 

weeding and hand 

EW No No 
weeding
No 

DS Infrequent Frequent, 
slight 

No 

adequate, fertilizer input usually high, and some 
insecticide usually applied. The fields did not, 
however, receive adequate weed control measures. 
In many of them, weed management was minimal, 
the only measure being some hand weeding. This 
may be related to the relatively late establishment of 
the crop. PR3 was characterized as DS crops, pre
dominantly direct seeded, with high fertilizer inputs, 
a combination of weed control practices (use of 
preemergence herbicides and hand weeding), and 
moderate insecticide inputs. PR4 wa3 represented by 
predominantly transplanted, WS crops, with low 
fertilizer inputs. 

Similarly, a series of pest variables were used to 
define categories of pest profiles (Table 38). The 
first (PEI) was represented by low weed infestation 
and absence of significant pest problem except ShB. 
PE3 correspondeL to high weed infestation above 
the rice canopy, variable insect pest levels, and no or 
little diseases. PE4 was represented by fields with 
high weed infestation (above and below the canopy), 
variable insect pest levels, some sheath rot (ShR), 
and high bacterial leaf streak (BLS). PE5 corre
sponded to high weed infestation below the canopy, 
and high stem borer (whitehead) damage. 

The representational value of the two classifica
tions was assessed by measuring their association 
with an independent attribute--categorized yield 
levels. This categorized variable, which represented 
one output of the considered system (irrigated rice), 

Characteristicsb 

PR4 PR5 PR6 PR7 

B, C, D 
T predom. 
Low 
Medium 
PEH 
and hand 
weeding
No 

A, B, C, D 
T predom. 
High 
High 
PEH 
and hand 
weeding
No 

A, B, C, D B,C, D, G 
T predom. T predom. 
Variable Variable 
Medium Medium 
PEH Variable 
and/or hand 
weeding
No Yes 

Infrequent Frequent, 
slight 

Frequent, 
strong 

Frequent, 
slightPLD Intermediate 	 Intermediate Intermediate Late Early 	 Inter- Inter

mediate mediateCS WS (3) 	 Predomi- DS WS WS or DS WS or DS WS or DS 
nntly DS 

VG =variety group, Pltg =planting, FAP =fertilizer application, IUF =insecticide use frequency, WCP =weed control practices, EW = excess of water, DS = drought stress, PLD = planting date, CS = cropping season. bVariety groups: A = IR36; B= IR42; C= 1R64;D= IR66; E= IR58, 1R60, IR65, IR72; F IR20, IR22, IR32, IR44, IR68, 1R70; G=R4, R32, R34, R92, R98; H=R1O. T = transplanted, S 
= direct seeded, predom. =predominant, PEH =preemergence herbicide, WS =wet season, DS =dry season. 
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Table 38. Types of pest profiles (PE1 to PE6). 

Characteristics 
Pest' 

PE1 PE2 PE3 PE4 PE5 PE6 

ShB 
BLB 
NBS 
SR 
ShR 
BLS 
BPH 
GLH 
RWM 
LF 
DH 
WH 
WA 
WB 

High 
No 
Variable 
Very low 
No 
Low 
Variable 
Low 
Variable 
Variable 
Low 
Variable 
Variable 
Variable 

Variable 
No 
Variable 
Very low 
No 
Low 
Variable 
High 
Variable 
Low 
Variable 
Variable 
Low 
High 

Low 
No 
Low 
No 
No 
Low 
Variable 
Variable 
Variable 
Variable 
Variable 
Variable 
High 
Variable 

Variable 
No 
High 
Variable 
Some 
High 
Variable 
Variable 
Variable 
Variable 
Variable 
Variable 
High 
High 

Variable 
Low 
Variable 
Variable 
No 
Low 
Variable 
Variable 
Variable 
Variable 
Variable 
High 
Low 
High 

Variable 
Some 
Variable 
High 
No 
Variable 
Variable 
Variable 
Variable 
Variable 
Variable 
Variable 
High 
Variable 

°ShB =sheath blight, BLB =bacterial leaf blight, NBS -narrow brown spot, SR =stem rot, ShR =sheath 
rot, BLS = bacterial leaf streak, BPH = brown planthopper, GLH = green leafhopper, RWM = rice whorl 
maggot, LF = leaffolder, DH =deadhearts, WH = whiteheads, WA =weeds above the rice canopy, WB = 

weeds below the rice canopy. 

was then used to build contingency tables and com-
pute chi-square tests. The tabulated results demon-
strated astrong variation in yield distribution among 
the patterns ofcropping practices (Table 39), as well 
as among the types of pest profiles (Table 40). The 
chi-square values 1X2(Y,PR) = 46.6 and X2(Y,PE) = 
50.51 were both significant at P<0.05. The two 
classifications were therefore considered to capture 
a significant proportion of yield variation, 

Correspondence analysis. Correspondence 
analysis is a multivariate statistical technique that 
allows pictorial representation of a series of contin-
gency tables. Axes and the corresponding eigenvec-
tors are defined, each of them accounting for agiven 
fraction of the total information (inertia) represented 
by the contingency tables. The variables are the 
classes of these tables, and the coordinate of each of 
them on *he axes is computed, so that the classes can 
be plotted against the resulting axes. 

The two contingency tables (Table 39,40) were 
jointly submitted to a correspondence analysis. The 
considered variables were the seven patterns of 
cropping practices, six types of pest profiles, and six 
yield categories. The two first axes generated in the 
analysisaccountedfor50.3and26.6%oftotalinertia 
(i.e., the two first axes accounted for 76.9% of the 
information contained in the contingency tables). 
The various classes were thus plotted on a two-
dimensional diagram (Fig. 14), and their relations 
interpreted. As a succession of yield classes repre-

sented a logical series, the corresponding points 
were linked together, producing apath of increasing 
yield, from very low (Y I) to very high (Y6). This 
path of increasing yield was interpreted in relation 
with the axes, and with the various patterns of 
cropping practices and types of pest profiles that 
were plotted on the same graph. 

Figure 14 indicates an overall increase of yield 
along the horizontal axis in the negative direction; 
the horizontal axi o may therefore be considered as 
representing a gradient of increasingly unfavorable 
production situations. The path of increasing yield 
shows strong movements along the vertical axis, 
which are associated with various pest profiles and 
patterns of cropping practices. For instance, close 
associations(correspondences)areindicatedbetween 
very low yield (Y 1)and PR 1,PE4, and PE5; between 
Y2 and P3; and between Y6 and PR3, and PEI. The 
associations are summarized in Figure 14. The graph 
indicates the overall major effect of 1)fertilizer 
inputs, 2)weed control, and 3)cropping season (we! 
or dry) on yield variation. It also indicates specific 
yield-pest relations at va;ying production situations. 
The only pest associated with very high yield is ShB. 
The association can be interpreted in two ways: 
1)the conditions that are conducive to very high 
yield are favorable to the disease, and 2) even higher 
yield might be achieved when this disease is con
trolled in this production situation. In contrast, the 
pest profile that affects very low yielding fields (Y I) 
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Table 39. Contingency table for yield classes and patterns of cropping practices: Y x PR. 

Cropping practice Y1 Y2 Y3 Y4 Y5 Y6 

PR1 2 61 3 0 1 
PR2 4 8 7 5 8 7
 
PR3 0 3 2 7 
 6 9

PR4 12 12 8 2 6 4
PR5 2 2 3 5 3 4 
PR6 8 8 13 
 11 11 7
 
PR7 9 11 19 22
19 11
 

Table 40. Contingency table for yield classes and types of pest profiles: Y xPE. 

Pest profile Y1 Y2 Y3 Y4 Y5 Y6 

PE1 4 4 10 
 11 16 14
 
PE2 4 
 8 7 9 15 9
 
PE3 7 16 15 
 7 7 4

PE4 7 2 
 5 4 4 2
 
PE5 8 0 4 7 2 5
PE6 7 15 17 14 12 9 

A Y: yield classes 

o PR: patterns of cropping practices 
* PR: types of pest profiles PE3 

PR3 04high weed above canopy 
-high fertilizer inputvaiberedblt high weedstaboVeeow)-preemergence herbicide 02 o -no or little other pestsor hand weeding 
-dry season 0 6 00 

"0 PR4 

PE1 
-high sheath blight-low weeds 
-no other pests 

tu -04 
-06 *vaiabeot-variablesem 

[ 
stem brots 

-low fertilizer input
-rainy season 

PR1 
i0-08 1

"-08 -06 
.

-04 -02 
/11

00 02 04 0 6 

-no weed control or 
hand weeding

-rainy season 

PE5 PE4 

-variable stem rot-no -variable stem rotor little of other diseases -some sheath rot
-high weed below the canopy -high bacterial leaf streak 
-high whileheads, variable daadhearts -high weeds (above &below) 
-no or little of other insects i-variable stem borers, and 

other insect injuries 

14. Two-dimensional diagram of classes of variables in Tables 39 and 40. 
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isvery diverse, including, aside from weeds, stem rot 

(SR), ShR, and BLS (PE4), or stem borers and SR 

(PE5). 
The analysis provided an overall picture of the 

relationships between cropping practices, pest pro-

files, and yield. It indicated that the concept of "key 

pest" should be used with due consideration of the 

overall production situation. More generally, the use 

of categorized information allows us to handle large 

data sets, incorporating information that reflects the 

diversity of rice ecosystems, in a way that is compat-

ible with decisionmaking in agriculture, 

Characterization and simulation for 
riceland management and productivity 

To guide the design of new technology, compiehen-

sive characterization of rice-growing environments 
and quantitative understanding of the growth of the 

rice crop in relation to its environment are needed to 
help determine extrapolation domains for research 

findings and to indicate future targets for research. 
Ongoing research activities focus on improving rice 

growth models, including pest effects in the models, 
and applying models to studies of environmental 
characterization and improved N managemfnt. 
Methods to characterize rice-growing environments 
are being developed by combining GIS with rice 
crop simulation models. Special attention is paid to 
characterization ofsoil properties in relation to water 
management. As simulation models can be an im
portant tool in rice research, this subprogram empha-
size, the training of scientists from various disci-
plines at Asian NARS. 

APPLICATION AND IMPROVEMENT OF 

SIMULATION MODELS 

Th existing models simulate currently measured 

yields accurately, but yields have been declining in 
the past 20 yr. The models thus cannot simulate real 

potential yields in an optimal etnvironment. To select 
parameters for simulation of real potential yields 
(determined only by radiation, 	 temperature, and 
varietal characteristics), we conducted new detailed 
experiments. Using literature studies, we hypothe

sized that the yield decline could be reversed by 

increasing N supply during grain filling and by a 

higher planting density. An experiment that gave 15

20% higher yields with increased late N treatment is 
reported on p. 6 of the Irrigated rice ecosystem 
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report. Most of the late-supplied N was taken up by 

the crop. 
Several aspects of the model need improvement. 

Major improvements are needed on the simulation of 

leafarea development, source-sink relationships and 

tillering, and especially the role of N in rice physiol

e;'. 

QUANTIFYING THE EFFECT OF BLAST ON RICE 

GROWTH AND PRODUCTION 

Rice BI constrains rice production in temperate 
lowland, tropical upland, and rainfed lowland areas. 

Rice BI comprises leaf infections, occurring mainly 

beforr flowering, and infections of the neck node or 

the panicle. Leaf BI indirectly affects yield by reduc
ing crop growth before flowering. This study con

centrates on construction of damage relations for 

leaf BI. For this purpose the physiological processes 
that underlie damage are quantified and combined 

using crop growth modeling. Results ofsuch studies 
are highly applicable across years, locations, and 

varieties. 
Gas exchange measurements were used to ana

lyze the effect of Pyricu/aria oryzae on leaf photo

synthesis and respiration. The photosynthetic rate of 

infected leaves was lowered through a reduction in 

both green leaf area and photosynthesis of remain-

Relative net photosynthetic rate 
1.4 

1.2 	 * Observed
 
- Beta =3.04
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3. 	 •0
 
0
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15. Relative net photosynthetic rate of leaves infected with 
Pyricu/aria ory-ae in relation to disease severity as measured in 

afield experiment. 
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ing green leaf tissue. The relative reduction in leaf 
photosynthetic rate thus surpassed disease severity 
(Fig. 15). 

A function was derived to relate net photosyn-
thetic rate of infected leaves (P,) to disease severity 
(x): 

Pt = P( I -. )0 

In this model, P is the photosynthetic rate ofhcuilthy 
leaves and Bis a proportionality factor chu.iacteriz-
ing the pathogen's effect on leaf photosynthetic rate. 
Bcan be represented as the ratio betw.-een the area of 
avirtual lesion in which photosynthesis is negligible 
and the area of the visual lesion. For cultivar IR50, a 
B-value between 3 and 4 was found. Since B is 
independent ofdisease severity, effects ofhost resis
tance are excluded. Therefore this parameter is a 
pure component of tolerance. Tolerance (the host's 
ability to endure the presence of the pathogen with 
reduced disease symptoms and/or damage) may help 
minimize yield loss. 

In a separate experiment, we studied the suitabil-
ity of Bas a selection criterion in breeding rice with 
tolerance for leaf BI. Variations were marginal be-
cause of a lack of genetic variation in B(Table 41 ). 
Dark respiration of infected leaves was increased. 
The ratio between respiration of lesion and healthy 
tissue ranged from 4 to 5. 

To evaluate the effect of the disease on photosyn
thesis of rice canopies, the effects on leaf photosyn-
thesis and respiration were introduced in an eco-
physiological model. Photosynthesis of healthy and 
diseased canopies was determined in the field, and 
the experimental data were used to evaluate the 
perfonnance of the model. Simulated results agreed 
well with the experimentally obtained data (Fig. 16). 

Model analysis revealed that the reduction in 
photosynthesis ofdiseased canopies was mainly due 
to the adverse effect of lesions on leafphotosynthesis 

Table 41. Variability in infection frequenc, and 
parameter P1,for 3 rice cultivars, after Inoculation with 
Po ricularia oryzae. 

Cultivar Infection frequency 
(lesions/cm2 ) 

13 

CO 39 3.5 2.8 
IRSO 1.6 2.9 
R64 0.7 3.2 

and the dead leaf area resulting from the disease. A 
sensitivity analysis demonstrated the significance of 
the vertical distribution of the disease. Lesions in the 
top layer of the canopy contributed more to the 
reduction in canopy photosynthesis than did lesions 
oa lower leaf layers. Thus, disease monitoring for 
crop loss assessment should account for the vertical 
distribution. 

The time course of dry matter production and 
yield formation of diseased crops will comprise the 
last step of this study. Field experiments and model
ing will be combined. An analysis must reveal how 
reduced crop growth before flowering results in 
reduced kernel filling. If this mechanism is under
stood, the model can be used to construct damage 
relations for various situations. 

INFLUENCE OF SOIL STRUCTURE ON WATER 
RELATIONS 
To investigatethe influence of soil structure on water 
relations in rainfed rice ecosystems, we quantified 
the impact of bypass flow in cracking soils and 
studied the effect of soil tillage practices on bypass 
flow. 

Soil-cracking and internal catchment. The 
development of soil cracks and the depth of internal 
catchment (the subsoil infiltration of water that 
bypasses the topsoil) were studied after draining a 
puddled ricefield in the 1991 DS at the IRRI experi

ilation (pg CO2Im
2 prs) 

Simulated CO assimi 
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16. Simulated and observed canopy CO.,assimilation. 
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mentalfarm.Thesoilwasanisohyperthermicmixed 
Typic Tropudalf. A thin, flexible steel tape was used 
to measure depth and width of cracks along a 6-m 
string stretched across the surface of the soil. At 
15 d after drainage (DAD), mean depth of cracks 
was 4.5 cm and mean width was 0.9 cm (Fig. 17). 

Mean soil-waterpressure potential at 10cm(maxi-
mum cracking depth at 15 DAD) was about -0.1 
MPa. Depths and widths of cracks increased as the 
soil dried. To determine depth of cracks at 50 DAD, 
cracks were stained with soluble white paint-they 
extended between 40 and 60 cm throughout the 
profile. 

The processes of bypass flow and internal catch-
nient differ from the classical concept of surface 
infiltration and cannot be modeled with standard 
flow theory. However, models can be formulated if 
cracking patterns (depth of internal catchment) and 
the magnitude of bypass flow as a function of pres-
sure potential of the topsoil are known. 

For the future, a subroutine simulating bypass 
flow will be added to the Simulation Algorithm for 
Water Flow in Aquic Habitats (SAWAH) nmodel. 
Bypass water will be assumed to infiltrate to that 
depth where internal catchment occurs, as derived 
from the morphological analyses described above, 
The quantity of rain infiltrating at the surface will be 
decreased by the amount of bypass water. It will be 
assumed that no bypass water is absorbed laterally 
by the soil during downward flow. 

Reducingwaterlossesfrombypassflow. Bypass 
flow (water that flows into vertically continuous soil 
macropores or cracks, bypassing a surrounding 
unsaturated soil matrix) was measured for a previ
ously puddled, cracked clay soil in the 1991 DS. 
Simulated rainfall was applied to four large undis-

Cumulative frequency 
1.0 

0.8 
4 Didentify 

0.6 L 

0.4 - 2 

0.2 

0 
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Depth (mm) of cracks 

17. Cumulative frequency ofdepth ofcracks at different daysafter 
drainage (DAD). 
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turbed soil cores of 0.21 m diameter and 0.25 m 
height, using aneedle array (comprising 48 needles) 
connected to a mariotte buret, timer, and pulsating 
pump. All cores contained one major crack that 
extendedthroughthefullcylinderheight.Highbypass 
ratios (>90%), similar to those reported in the IRRI 
Program report for 1990, were obtained for low (5 
mm/h) and high rain intensities (15 mm/h). At low 
rain intensities, more water was initially absorbed. 

To reduce water losses from bypass flow, the 
surface of the cracked experimental field was shal
low-tilled (0-5 cm) using a rototiller. Tillage left a 
topsoil of clods with an average diameterofabout 20 
mm. The clods were collected from the field and 
placedontopofanothersetoffourcrackedsoilcores 
from which the top 50 mm had been removed. 
Because the clods were loosely stacked, the initial 
weight of the second set of foi -soil cores was 10
15% less than that of the first set of four soil cores. 
Nevertheless, closing the cracks by adding the clods 
saved 40% (15 mm/h) to 65% (5 mm/h) more water 
(Table 42). Shallow surface tillage makes cracks dis
continuous, and water is therefore better retained in 
the top;oil. 

Where water losses during land preparation for 
rice are high due to a relatively permeable subsoil, 
use of pretillage might result in considerable water 
savings. 

The benefits of tillage at the end ofasoil-cracking 
DS prior to rewetting the land for the next rice
growing season will be studied at a site with a 
cracking, heavy clay topsoil and a permeable sub
soil. 

COMBINING GIS AND A RICE CROP SIMULATION 

MODEL 
The combination of a GIS and a crop simulation 
model offers unique possibilities to interpret exten
sive data sets derived from various disciplines and 

from different locations. The interpretation may
important constraints to rice production. 

The model; can be used to predict potential yield 
under given weather conditions, conduct risk analy
sis using long-term weather data for rainfed environ
ments, and optimize crop management strategies. 
The methodology (Fig. 18) involves the following 
activities: 

1. Agroecological characterization. The geo

graphic distribution ofsoil, climatic, and administra
tive units and associated attribute data (e.g., rainfall, 



Table 42. Bypass flow for tilled and nontilled samples at 
different rain intensities. 

Rain Time (min) Absorbed 
Treatment intensity before start water (mm) at 

(mm/h) of outflow start of outflow 

Nontilled 4.4 282 21 

Tilled 4.7 435 34 

Nontilled 17.1 47 13 

Tilled 15.3 74 1
 

soil hydraulic properties, actual crop yield) is char-
acterized. Maps are digitized and stored with associ-
ated attribute data in a GIS. 

2. Identification of land evaluation units. An 
overlay of input maps (made by the GIS) generates 
maps of land evalation units (LEUs). Each LEU is 
a unique combination of a soil, a climatic, and an 
administrative unit. 

3. Qualitative land evaluation. The suitability 
of each LEU for aspecific land use is assessed, using 
expert knowledge. Nonsuitable and potentially suit-
able LEUs are identified. 

4. Quantitative land evaluation. Production 
constraints are evaluated by techniques applied to 
potentially suitable LEUs. 

5. Display and interpretation of results. Maps or 
tablesofunsuitable land units, and of crop yields and 
yield gaps for suitable units can easily be displayed. 

Maps and data 
- administrative 

ssil 
- climate 

m 

GIS 
Unsuited 
units 

Maps and tables, 
- unsuited land 

This methodology has been applied to Tarlac 
Province, Philippines, to analyze yield losses due to 

drought in rainfed rice-growing environments. 
Using GIS software, we digitized for Tarlac 

Province a soil map (1:50,000 scale), provided by 

the Bureau ofSoils and Water Management, Quezon 
City, Philippines.

Guided by this map, we located 13 representative 

soil profiles and determined soil water retention and 
hydraulic conductivity data for the various soil hori
zons. Soil water retention was measured using the 
hanging water column, evaporation, and pressure 
plate methods. The column method and the crust 
methodwereusedtodetemlinehydrauliczonductiv
ity relations. Water retention and hydraulic conduc
tivity functions were derived simultaneously from 
measurements using a one-step pressure outflow 
apparatus on 300-ml soil cores. 

Soil hydraulic properties were assumed to be 
represented by Van Genuchten's closed-form equa
tion involving four unknown parameters
coefficients a, n, / and residual moisture content 0,. 
Two other parameters--the saturated moisture con
tent (0) and the saturated hydraulic conductivity 
(K)-were set equal to their measured values. Val
ues for the four unknown parameters were deter
mined by nonlinear least-squares fitting using the 
program MULSTP. MULSTP includes measured 

evlation 
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- yield gaps -- poential yield 
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18. Conceptual diagram showing the relationship between geographic 
information systems, simulation models, and data needs. 
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time series of cumulative outflow and measured 
water retention data. As an example, parameters 
determined for two contrasting representative pro-
files are listed in Table 43. 

Table 43 is oart of a series of soil hydraulic 
functions being developed for rice-growing areas. 
The functions relate well-defined horizons in taxo-
nomic units to physical parameters such as soil water 
retention and hydraulic conductivity, and can be 
used in numerical simulations of regional soil-water 
regimes. 

The saturated hydraulic conductivities that were 
measured in the 1991 DS were relatively high be-
cause of preferential flow throtvgh soil cracks and 
macropore- (Table 43). Such high values are likely 
to be unrealstic for rice soils in WS. Additional 
measurements were therefore carried out in (he 1991 
WS. Saturated conductivities of the least permeable 
layer (average thickness 4 cm) in puddled topsoils 
were measured for each soil type where rice is 
grown. Values ranged from 0.3 to 3.3 mm/d, and 
were clearly lower than the K values measured for 

the same soils in the 1991 DS. 
Data were obtained from 12 rainfall stations and 

I fully equipped agrometeorological station in Tar-
lac. Three rainfall zones and three elevation zones 
(0-50, 50-100, and >100 m above sea level) were 
distinguished. 

Using the measured data, 25 yr of synthetic 
weather data (including data for rainfall, maximum 
and minimum temperature, and hours of sunshine) 
were generated for each rainfall zone and each eleva-
tion zone. Simulated rainfall was highly variable, 
ranging from 400 to 1,000 mm in WS. Planting dates 
were estimated for each year, set to the date by vhich 
cumulative rainfall in June-July exceeded 75 mm. 

Mountainous and sandy areas of Tarlac were 
consideredunsuitableforrice, but on sandy soils that 
were frequently flooded by nearby rivers, rice was 

assumed not to suffer from water shortage and to 
have fully watered potential yield. 

Potential yield (fully watered, assuming optimal 
nutrition, and no pests) was calculated for each 
elevationzoneforall25yrusingtheLID-MACROS 
model. 

Rice yield was also predicted for I yr(1987) when 
actual weather data were available. To predict yield 
undernonirrigatedconditionsasafunctionofthesoil 
characteristics (assuming DS K, values and optimal 
nutrition, and no pests), the SAWAH soil water 
balance routine was coupled to the model. A constant 
water table depth of 1.0 m was assumed. The differ
ence between the predictions for irrigated and nonir
rigated conditions indicated the prospective benefit 
that would be derived fiom irrigation (Fig. 19). The 
yield gap between irrigated and nonirrigated condi
tions ranged from 0 to 5.3 t/ha. 

We will use this methodology to predict rice yield 
under nonirrigated conditions, as a function of the 
soil characteristics (using WS K, values) and the 25 
yrof synthetic weather in each rainfall and elevation 
zone (assuming optimal nutrition and no pests). 
Average yield losses and yield losses that have a 10, 
25, and 50% probability to be exceeded will be 
calculated for each LEU. 

KNOWLEDGE SHARING OF SIMULATION 

METHODOLOGY 

Knowledge sharing is essential to increase the appli
cation of systems simulation methodology in na
tional systems. The distribution of research teams 
belonging to the project Systems Analysis and Simu
lation in Rice Production (SARP) is shown in Figure 
20. 

Three SARP workshops were organized in 1991. 
Case study reports of participants in a 1990 SARP 
training course and reports on future plans of the 
SARP teams were discussed at the first workshop. 

Table 43. Textural properties and Van Genuchten's soil-hydraulic parameters as calculated for major horizons 

occurring in 2 contrasting representative profiles (nr. 27 and 30)" of Tarlac Province. 

Major horizon 
code 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

K 
(mld) 

0, 
(vol/vol) 

a 
(cm-') 

n 
(-) 

I 
(-

Or 
(vol/vol) 

27Apg 
27AC 

55 
79 

26 
9 

19 
12 

1.16 
5.43 

0.47 
0.48 

0.0097 
0.0096 

1.618 
2.035 

3.34 
1.40 

0.04 
0.05 

27C 89 2 9 6.20 0.48 0.0082 1.904 4.39 0.01 

30Ap 
30 Bw 

36 
36 

37 
22 

27 
42 

0.07 
0.21 

0.47 
0.46 

0.0088 
0.0091 

1.128 
1.082 

-1.91 
13.14 

0.01 
0.03 

30Bw2 47 24 24 0.09 0.52 0.012 1.12 31.98 0.001 
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Subsequently, an internal report was issued on plans 
and themes in the SARP project. 

A workshop was held in India on simulation of the 
impact of pests and diseases on rice. Twenty-five 
participants of the SARP project attended the work-
shop, with more than 15 interested local scientists. 
Research findings were presented, topics of corn-
moll interest were identified, and possibilities of 
cooperation between participants from different 
countries were explored. Participants agreed on the 
use of standardized models to study the effect of 
pests and diseases on crop growth and production. 
These models will be improved by the participants 
and used to solve local problems. 

A workshop on simulation of the effects of water 
and nutrients on rice in relation to root development 
was held in Malaysia. Twenty-five participants of 
the SARP project from nine different countries and 
several interested local scientists attended the work-
shop. The group agreed to conduct a joint experi-
ment to elucidate key questions related to N balance 
processes. The SAFP team from the Indian Agricul-
tural Research Institute-WaterTechnology Center in 
New Delhi, India, organized a training course on 
simulation and systems analysis in agricultural pro-
duction forseven new teams from different agroecol-
ogical zones in India. 

Papers that SARP collaborators presented at the 
four thematic workshops organized in 1990 and 
1991 were published in a book. 

An international symposium on Systems Ap-
proaches for Agricultural Development was organ-
ized in Bangkok. The status of systems research and 
modeling in agriculture was reviewed with special 
focus on evaluating their efficacy and efficiency for 
achieving research goals and on their application in 
developing countries. In addition, the symposium 
aimed to promote international collaboration and to 
increase awareness of systems research and simula-
tion. About 160 scientists attended the symposium. 
The proceedings will be published as a book and a 
special edition of Agricultural .systems. 

Socioeconomic impact and rice 
projections and policy analysis 

This project aims to quantify the impact of modem 
rice technology on productivity, the welfare of pro-
ducers and consumers, and income distribution. In 
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1991, we completed international collaborative re
search on the differential impact of modern rice 
technology across production environments in seven 
Asian countries: Bangladesh, China, India, Indone
sia, Nepal, Philippines, and Thailand. 

VARIETAL IMPROVEMENTS, YIELD ClANGE, AND 
INCOME DISTRIBUTION: A CASE STUDY OF 

LAMPUNG, INDONESIA 

Effects ofthe adoption of modern varieties (MVs)on 
income distribution are unknown. Diffusion ofMVs 
has been limited to irrigated and favorable areas in 
South and Southeast Asia. Consequently, concerns 
have arisen that the widening productivity gap be
tween favorable and unfavorable rice environments 
will worsen income distribution. 

This case study was conducted in Lampung, 
Indonesia, collaboratively with Gadjah Madah Uni
versity to analyze the income distributional effects 
of differential technology adoption across produc
tion environments. The study focuses on the effects 
of returns to land, an is:;ue largely ignored in the 
Green Revolution literature. 

Lampung is a suitable study site for several rea
sons. 
U Its lowland production environments were rela

tivelysimilarin the late 1960s. Subsequentchanges 
in irrigation and the adoption of MVs provide a 
rare opportunity to identify the impacts of irriga
tion an'l MVs on productivity and returns to land 
in isolation from other f',tors. 

U Dramatic changes in demographic patterns, land 
development, and technology adoption generated 
substantial land market transactions. 

U 	 Lampung has relatively large tracts of upland 
areas where MVs are not raised but where alter
native crops can be grown. The presence of these 
tracts facilitates the investigation of the indirect 
effect that differential technology adoption has 
on the farmer's choice of croppi,' patterns (i.e., 
product market adjustments). 
This study also considers the changing character

istics of MVs in assessing technology impact. Previ

ous studies of technology impact have not distin

guished specific variety effects, implicitly assuming 
that different generations of MVs have had uniform 
characteristics ,nd, hence, unchanging productivity 
effects. However, MVs have changed over time 
from being mainly fertilizer responsive to having 



more pest resistance, bettergrain quality, and shorter 
growth duration. 

Village characteristics. Fur each Limpung pro-
duction environment-irrigated, rainfed, and up-
land-four villages were chosen. In each village, 40 
farm households were randomly selected from the 
population of rice farmers (Fig. 21). Farm house-
hold,, were surveyed twice, during WS (November
1987-April 1988) and during DS (May-October 
1988). The survey questionnaire covered detailed 
information on household characteristics, technol-
ogy adoption, input use, yields p,'ices, wages and 
labor contracts, tenure pattern, and income from all 
sources. A special questionnaire was used for his-
torical data (by recall) on technology adoption, fer-
tilizer use, productivity, and land prices. 

Table 44 presents the villages' selected so-
cioeconomic characteristics and cropping patterns
by prodaction environment. Land ownership and 
operational farm size are greater in the less favorable 
than in irrigated areas. Farmers in irrigated and 
rainfed villages typically own some uipland area. 
O'vnercultivation is the dominant tenure pattern and 
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21. Location ofareas foran intensive survey, Lampung, Indonesia,
1987-88. 

the proportion of leasehold and share tenancy is 
highest in the more favorable rice-growing villages. 

Rice is grown twice a year in irrigated areas. In the 
mid-1970s, the introduction of' MVs made doubie 
cropping of rice possible in some favorable rainfed 
areas where residual moisture is available after WS. 
Multiple cropping, including rice, is common in the 
upland area. 

Modern varieties and yield. Current plantings 
comprise MVs bred at IRRI and in the Indonesian 
rice research system. However, the first-generation 
varieties ,'"5, IR8, and C4-63) have been corn
pletely replaced by second (IR36) and third genera
tion (IR64) MVs from IRRI and by dotaestically 
bred varieties. 

The Indonesian improved varieties are grouped 
into IMVI and IMV2. IMVI includescrosses of IR5 
and the Indonesian improved variety Syntha, which 
produced Pelita I-I an6 Pelita 1-2. IMV2 includes 
crosses between Peiita I-I and other improved varie
ties and traditional varieties (TVs), e.g., Cisadane, 
Cimandiri, Cipunegara, Citarum, Citandui, Krueng 
Aceh, Semei u, and Sadang. 

Currentpatternsoftechologyvadolotiotiundyields. 
Table 45 presents, adoption rates of MVs and TVs 
and yields by production environment. TVs are 

44. Farm size, tenure, and cropping patterns byproduction environment. Lampung, Indonesia, 1987
88. 

Item Irrigated Rainfed Upland 

Sample farm households 160 16f 160(no.) 

Land ownership (ha) 1.3 1.7Lowlanc 2.2
Uplard 0.9 1.00.4 0.7 2.2 

Operational farm size (ha)Rice farm 1.3 1.6 1.90.9 0.9 1.5 
Other crops 0.4 0.7 0.4
 

Tenuro of rice farm (%)
Owner 85 89 98 
Leasehold 5 4 0Share-tenancy 10 7 2 

Cropping pattern (%) 
Ricb rice 100 27 0 
Rice - nonrice food 0 61 0 

Rice - fallow 0 12 18
Multiple cropping 0 0 82 

including rice 
Rice cropping intensity (%t 200 127 100 
Totalcroppngintensity% 200 18 182' 

'Includes maize, peantt, mungbean, soybean, cassava. 
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Table 45. Modern variety (MV) adoption and rice yield by variety, season, and production 
environment. L,;npung, Indonesia, 1987-88. 

Variety, 

Traditional variety 
IW.V1 
IR3b 
IMV2 
IR64 

Traditional variety 
IMV1 
IR3 
IMV2 
IR64 

0 
0 
6 

92 
2 

-
-
4.2 
4.5 
4.5 

'IMV1 includes P lita I-1 and Pelita 1-2-

Wet season Dry season 

Upland Irrigated RanfedIrrigated Rainfed 

MV adoption (%ofarea) 

Krueng Aceh, Itc. 

planted solely in the upland areas. Irrigated arid 

rainfed lowland areas are planted caly to MVs. 

,le latest Indonesian-bred MVs (IMV2, particu-

larly Cisadane and Krueng Aceh) dominated rice 

cultivation in the irrigated lowland villages during 

both growing seasons. IMV2 is also popular in the 
wasrainfed lowland, but only during WS. IR36 

planted in almost half the rainfed rice area, and 

IMVI and 1R64 each were raised in 22% of the area 

during DS. The shorter growth duration of IR36 and 

the h;gher drought tolerance of IMV I and IR64 

make these varieties more suitable for rainfed areas. 

IR64 was released in the 1987 DS and is expected to 

spread more widely. 
Average yield was higher in the more favorable 

with laterenvironments anrd generally increased 

generation MVs. Yields of all MVs were about the 
weresame in the rainfed lowland during DS and 

inostiy much lower tbLr WS yields. During WS, the 

greatest yie!d ataa;ned from 'Vs grown in upland 

areas was only half !he yield from third-generation 

MVs. 
Yield determinants. To identify the impact of 

varietal improvement on land productivity, a yield 

function was estimated by regression where varie-

t;es, production environment, and socioeconomic 

characteristics were specified as independent vari-

ables. 'Oecause the effects of rice varieties on yield 

depend on the environment, the production environ-

ment and varieties are specified as interaction terms. 

Thu., eac ,f the three production environments 

17O IRRI prograr., ,eport for 1991 

0 100 0 0 
16 0 0 22 

5 0 27 48 
69 0 70 8 

2210 0 3 

Yield (t/ha) 
-- 1.8 

- - 2.52.8 
3.4 3.6 2.7 
3.6 4.0 2; 

2.83.5 4.2 

results of crosses between IR5 and the national improved varieWl 
Syntha. IMV2 incdes crosses between Pelita I-1 (IMV1I) and other improved varieties, e.g., Cisadane, 

(irrigated[IRG],rainfed[RF],andupland),expressed 
as a dummy variable, is multiplied with dummy 

variables indicating variety or group of varieties, 

e.g., IRGxIR36. In upland areas, a distinction is 

made between TVs planted as a single crop 

(UplandxTV) and those cultivated as part of a mul

tiple cropping ysteni (UplandxTV-MCT). The in

teraction term between rainfed lowland and the first 

generation of Indonesian MVs (RFxIMV1) served 

as the control in this set of environmental and tech

nology variables. 
Among the socioeconomic characteristics, the 

variables were rice farm size in hectares, tenure 

pattern as represented by the ratio of area under 

leasehold and under share tenancy, age of household 

head, years of schooling of household head, and the 

number of workers in the family. Except for the 

variables expressed as dummies and ratios, all con

tinuous independent and dependent variables are 

specified in natural logarithms. 
Theestimatedyield functions inTable46 indicate 

that production environments and varieties are the 

important factors determining yields. Moreove..he 

pattern of the esirmated coefficients of the interac

tion terms between production environment and 

variet;es is consistent with expectations-the adop

tion of more recent MVs has increased yields more 
the rainfedsignificantly in the irrigated than in 

lowlands. Because of limited water supply, varieties 

with shorter growth duration, such as IR36 and IR64, 

had higher yields than longer growth duration varie



Table 46. Regression results of paddy yield functions, 
Lampung,Indonesia,1987-88 WS and DS.-


Lowland Lowland 
Wet Dry + upland 

season season Wet 
(1) (2) season

(3) 

Intercept
RF x IR36 

8.02 
0.17* 

7.40 
0.11* 

7.77 
0.17** 

RF x IMV2 
(3.61)
0.24** 

(1.85)
0.07 

(2.36)
0.25** 

RF x IR64 
(8.47)
0.20** 

(0.85)
0.17** 

(5.82)
0.21** 

IRG x IR36 

IRG x IMV2 

(5.39) 
0.38** 

(8.31)
0.46** 

(2.22) 
0.50** 

(8.28)
0.58** 

(3.60) 
0.39** 

(5.55)
0.47** 

IRG x IR64 
(16.91)

0.47** 
(10.11)

0.63** 
(11.40) 

0.47** 

UPLAND x TV 
(6.49) (4.21) (4.20)

-0.58** 
UPLAND xTV-MCT (-10.50)0.66**(-14.56) 

TRUSER 0.02 -0.09 0.02 

Ln RFSIZE 

LEASER 

i0.36) 
-0.03** 
(-2.44) 
-0.05 

(-1.20) 
-0.03 
(-1.32) 
-0.001 

(0.31) 
-0.02* 

(-1.72)
-0.04 

SHARER 

Ln AGE 

(-0.94) 
0.03 

(0.83)
-0.02 

(-0.01) 
0.03 

(0.45)
0.09 

(-0.48) 
0.05 

(1.01)
0.04 

Ln SCHOOL 
(-0.61) 

0.004* 
(1.23)
0.002 

(0.88)
0.007* 

Ln WORKER 
(1.77)
-0.005 

(0.28)
-0.008 

(2.03)
-0.008 

R2 

Fvalue 
No. of samples 

(-0.29) 
0.62 

38.31 
320 

(-0.23) 
0.55 

21.23 
240 

(-0.33) 
0.88 

228.57 
480 

•Numbers in parentheses are r-statistics. RF = rainfed environ
ment, IRG = irrigated environment, UPLAND = upland environ-
met,MCT= multiple cropping system, TV= traditional variety,
TRUSER = tractor user, Ln = natural logarithm, RFSIZE = ricefarmsizeinha, LEASER=ratioofareaunderleasehold, SHARER 
= ratio of area under share-tenancy, AGE = age of household
head, SCHOOL= years of schoolingof household head, WORKER 
= number of workers in the family. 

ties, such as IMVI and IMV2, during DS in rainfed 
areas. 

Estimated results do not sigi.,cantly change
when the lowland and upland data are combined. In 
this equation, the yield of upland rice under mono-
culture was abcut 56% ofyield from IMV I grown as 
rainfed lowland rice and was slightly lower when 
grown in multiple cropping. 

The farm size and schooling coefficients are 
significant, and have the expected signs in WS, but 

the magnitudes are comparatively small. Farmer's 
age, the number of working family members, ten
ure, and tractor adoption, on the other hand, did not 
have significant impact. 

Varietal impro-,ement and land prices. Although
differential technology adoption increases the productivity gap b'tween favorable and unfavorable 

production environments, potential inequitable ef
fects on income distribution may be mitigated by
labor, land, and commodity market adjustments.
Earlier program reports have noted that as demand 

for labor increases in favorable areas where MVs are
used, interregional migration from unfavorable and 

favorable areas occurred, equalizing wages and
sharing the benefits of higher labor productivity in
the adopting regions with migrants from unfavo
rable areas. Differential technology adoption across 

production environments did not significantly exac
erbate inequities in labor income. However, land 
rental prices are expected to become more disparate 
across production environments. 

The relatively similar production environments 

among the study villages in the late 1960s and
subsequent changes in irrigation and adoption of 
MVs, provide a rare opportunity to identify the 

impacts these changes had on the return to land.
Although historical data on land rent are not avail
able and farmer recall of rents paid was poor, farmers
who had purchased land could accurately recall the 

price and year of transaction. 
Therefore, we focus on the impact varietal im

provement had on land prices. The main questions
forgetting related information on landprices were as 
follows: when did the farmerbuy the land, how much 
did it cost, and what was the parcel size; was itirrigated, rainfed lowland, or upland ricefield, dry
land nonricefield, or residential land; what was the
soil class; and had the farmer adopted MVs before
 
buying the land? Among the 480 farm households,
 
160 reported land transactions (142 lowland parcels
and 18 upland parcels) from 1969 to 1987. 

Changes in land prices. The number of land 
transactions in irrigate7d nd rainfed villages was 
about the same, except during 1984-87 (Table 47). 
The average size of parcels sold tended to decline 
over time, mainly because of population pressure.
Population pressure seems more pronounced in the 
irrigated and rainfed lowlands than in the upland 
areas, where some mountainous areas remain un
settled. Some farmers in the rainfed lowland had 
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adopted MVs by 1970 and almost all sample farmers Determinants of land price. Determination of 

in the lowland area grew MVs by the mid-1970s. land rental depends on several factors. On the de-

Data from Table 47 indicate that land prices of mand side are variables that affect the profitability of 

irrigated and lowland areas in the early 1970s were 
about equal. This isas expected because most of the 
villages that are irrigated now were rainfed or inade-
quately irrigated at that time. The price of irrigated 
lowlands increased sharply from the mid- 1970s as a 
consequence of irrigation expansion and MV adop-
tion. Further increases occurred in the 1980s as rice 
productivity continued to grow, partly because of the 
adoption of improved MVs. 

The particularly rapid growth in real land prices 
in the irrigated villages since the early 1970s wid-
ened the gap in land prices across production envi-
ronments. Increases in real land prices in the rainfed 
areas were much less than in irrigated areas. In 
upland areas, where no technological change took 
place, real land prices essentially remained constant. 

Such rapid growth, particularly in the irrigated 
villages, can not be explained solely by more favo-
rable price incentives for rice because the fertilizer-
to-rough rice price iatios changed significantly only 
in the early 19X0s. It seems more reasonable to 
attribute the land price growth to the construction of 
irrigation facilities and the adoption of MVs in these 
areas, 

farming, such as input and seed prices, technology, 
and production environments. On the supply side, 
man-to-land ratio (village population to cultivated 
land area) can be aproxy for shifts in the land supply 
furction. Distance from the market center, a proxy 
for access to urban markets, also affects land price. 
Although a farmer's decision to sell land may de
pend on financial pressures arising from family or 
personal circumstance or occupational and loca
tional mobility, there pressures have to be assumed 
as occurring randomly. Assuming changes in land 
rental to be proportional to land prices, a land price 
determination function in log-linear form was esti
mated. 

Table 48 presents the regression results. In equa
tion 1, types of varieties were not distinguished. 
Production environment and varieties were speci
fied simply as dummy variables for irrigation and 
MV adoption, and as an interaction term between 
irrigation and MVs. These variables were statisti
cally significant with the expected positive coeffi
cients. Adoption of MVs and irrigation appear to 
contribute equally well to growth in rice productivity 
as evidenced by the nearly equal estimated coeffi-

Table 47. Number and size of land transactions, MV adoption, and land price by period and 
production environment. Lampung, Indonesia, 1969-87. 

Environment 
Item 

Irrigated Rainfed Upland 

Transactions (no.) 
1969-73 
1974-78 
1979-83 
1984-87 

Average size of transaction (ha) 
196'"-73 

1974-78 

1979-83 

1984-87 


MV adoption (%of area) 
1969-73 

1974-78 

1979-.13 

1984-87 

Land price Itrice equivalent/ha) 
1969-73 

1974-78 

1979-83 

1,)84-87 

14 

15 

16 

35 


0.41 
0.53 
0.42 
0.26 

0 
84 

100 
100 

3.9 
16.3 
23.3 
30.5 

15 

14 

15 

18 


0.75 
0.64
0.67 
0.45 

7 
91 

100 
100 

3.5 
5.4 
6.9 

13.5 

0 
3 
0 

15 

2.00 

1.83 

0
 
0
 
0
 
0
 

4.6 
-
5.3 
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Table 48. Regression of land price determination func-
tions in an intensive survey of Lampung, Indonesia, 
1987-88., 

Lowland Lowland + 
upland 

Equation
1 

Equation
2 Equation 3 

Intercept 
IRG 

8.18 
0.39** 

8.00 
-

7.99 
-

MV 
(2.13)
0.42** 

IRG x MV (3.77)0.67** 

RF x IR5 
(3.40) 

0.28** 0.27** 

RF x IMV1 (2.81)
0.74** 

(2.86)
0.71"* 

RF x JR36 
(5.09)
1.003** 

(5.57)
0.97** 

RF x IMV2 
(5.14)
1.43** 

(5.61)
1.40** 

IRG xTV 
IRG x IR5 

(9.95)
0.45**(3.15) 

(1.22* 

(11.31)
0.44**(3.22) 
1.21* 

IRG x IMV1 
(8.82)
1.69"* 

(9.10)
1.69** 

IRG x IR36 
(15.50)

1.99** 
(16.08)

1.97"* 

IRG x IMV2 
(12.31)

2.19** 
(13.66)

2.16** 

UPLAND -
(15.62) (18.13)

0.48* 

Ln DISTC 0.03 -0.008 
(3.98)
-0.002 

Ln MLR 

Ln FPPRICE 

(0.70) 
0.14* 

(1.76)
-1.002** 

(-0.23) 
0.07 

(1.07)
0.04 

(-0.0) 
0.J8 

(1.40)
0.007 

R20.84
Fvalue 
No. of samples 

(-6.86) 

117.53 
142 

(0.21) 
0.91

108.84 
142 

(0.04) 
0.91 

118.54 
160 

'Numbers in parentheses are t-stati.tics. IRG = irrigated ecosys-
tern, RF = rainfed ecosystem, UPLAND = upland ecosystem, Ln = natural logarithm, DISTC = distance, MLR = man:land ratio,FPRICE = fertilizer :paddy price ratio. 

cients of these variables. On the other hand, the 
coefficient of the interaction term is considerably 
higher, suggesting a higher rate of increase in the 
land prices of irrigated areas than in rainfed lowland 
areas as MVs were adopted. 

Because profitability of rice farming will criti-
cally depend also on relative prices of rough rice and 
inputs, the fertilizer-to-rough rice price ratio was 
inserted. The coefficient was highly significant and 
negative, as expected. Population pressure, as meas-
ured by man-to-land ratio, was also found to drive up 
land prices. Only the coefficient of the distance 

variable is not significant, mainly because distances 
between villages of our sample and town centers do 

not vary much. 
As discussed in the previous section, newer MVs 

were adopted in recent years. In equation 2, MVs 

were specified as an interaL.ion term between pro
duction environment and specific varieties or variety 
groups. With this specification, the coefficients of 
the man-to-land ratio and fertilizer-to-rough rice
price ratio became insignificant, as is the distance 

variable. Most remarkable are the significance and 
magnitudes of the estimated coefficient of environ
ment-variety interaction terms. The coefficients of 

RFxIR5, RFxIMV 1,RFxIR36, and RFxIMV2 were 
highly significant and increased from 0.28 to 0.74,
1.00, and further to 1.43. These estimated coeffi-

Lients imply that the adoption of improved MVs 
continuously increased land price and, in recent 
years, the price of rainfed lowlands suitable for MVs 
increased 4.1 times relative to the land price of 
rainfed areas planted to TVs. These results indicatethat the availability of improved MVs significantly 

and continuously contributed to the accleration of 
productivity growth evt~n in rainfed areas.

The coefficient of IRGxTV is 0.45 and signifi

cant, implying that land productivity improved with 
irrigation even in the absence of MVs. The value ofland, however, dramatically increased with the adop
tion of MVs-the coefficient of IRGxR5 is signifi

cantly larger than that of IRGxTV. 
Improvement in the characteristics of MVs fir

ther contributed to productivity growth in irrigated 

lands. The coefficient of RGxIMVI is 1.69, whereas
 
the coefficient of IRGxIR36 is 1.99 and that of
 

IRGxIMV2 is 2.19. All are significantly different
from the coefficient of IRGxIR5 (0.28). Thus, chang
ing characteristics of MVs over time contributed to 
the increases in land values in irrigated areas. How
ever, the rate of increase seems to be declining, 
which may indicate a declining contribution of MVs 
to productivity growth in the irrigated arer -. 

The estimated coefficients of the interaction terms 
between the MV variables and IRG are significantly 
larger than the corresponding coefficients of those 
MV variables interacting with RF. Thus, by increas
ing both rice cropping intensity and rice yields, the 
adoption ofaseries of improved MVs brought about 
greater increases in land prices in the irrigated than 
in the rainfed area. 
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Even when the regression is based oil the corn-
bined lowland and upland price data, as shown in 
equation 3, the result,; are essentially unchanged. 
Distance, man-to-land ratio, and fertilizer-to-rough 
rice price ratio remain insignificant, and the coeffi-
cients of the interaction terms are only slightly lower 
than those in equation 2. The coefficient -f upland 
dummy is 0.48, implying that the price of upland 
areas was 61% higher than the price of rainfed 
lowlands planted to TVs. This is not unreasonable, 
because the price of upland areas generally .eflects 
the value of other crops grown in those areas. 

Household income distribution. Although dif-
ferential technology adoption clearly widened re-
turns to land across production environments, ef-
fects on income distribution depend on what hap-
pens to overall household income. Household in-
come is determined not only by the distribution of 
rice income but also by ihe ownership of productive 
resources such as land, human capital, and capital 
assets, as well as market and institutional factors 
such as opportunities for nonrice production, access 
to nonfarm employment, and land tenure. If labor 
migration reduces farm size in favorable areas and 
increases faim size in unfavorable areas, the poten-
tially inequitable impact may be partly mitigated. 
Potentially adverse effects or,rice farm incomes in 
the unfavorable production environments may also 

be alleviated by reallocating land to nonrice crop:; 
and family labor time to nonfarm employment. 
Factors affecting differential level of household 
income are examined in this section. 

Sources o"household income. Table 49 shows 
the average annual iniome of farm households by 
source and by production environment. In the irri
gated villages, rice production accounted for 
slightly more than half of total household income, 
and returns to land had by far the highest contribu
tion. In less favorable areas, income from rice culti
vation as a whole, as well as returns to land, was 
relatively small. On the other hand, nonrice income 
in the less favorable areas was higher absolutely, 
which suggests that the lower income from rice 
production in less favorable environments was sub
stantially compensated for by allocating more fam
ily resources to production of other crops and live
stock, and to nonfarn, activities. Total household 
income in the rainfed villages was about 88% of that 
in the irrigated villages, and in upland villages it was 
about 75%. Farm income in the upland villages did 
not substantially differ from that of the other vii
lages, mainly because upland farms were larger than 
those in the rainfed and irrigated villages. 

Determinants of household income. Table 50 
reports income determination functions for rice, 
nonrice, and nonfarm incomes. Each income com-

Table 49. Average annual income, of farm household i by production environment. Lam
pung, Indonesia, 1987-88.1 

Source of income 

Rice production 
Laborb 

Capital, 
Landd 


Nonrice farm income 
Land rental earnings 
Off-farm wage earnings 
Nonrice food crops 
Perennial crops and vegetables 
Livestock, poultry, and fishery 

Farm income 
Nonfarm income" 
Total income 
Inrome per person 

Income (thousand $) 

Irrigated Rainfed Upland
ib.7) (6.3) (5.!;) 

443 273 154 
104 77 40 

24 20 18 
313 176 96
 
225 31,. 433 

61 48 16 
32 23 11 

13 170 
76 120 177 
56 110 59 

1092 961 959
 
194 169 63
 
862 757 650
 
151 120 116
 

'In rupiah, converted into dollars at Rp 1634.8 = $1. Household size is in parentheses. blmputed family 

labor income in own farm. 'Imputed return to owned machineries and water buifaloes. "Residual for 

owner-cultivators and residual minus actual rent payments for tenants. Includes labor earnings from 

nonfarm employment, other assets, pensions, and remittances. 
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Table 50. Regression results of annual household 
income functions by source. Lampung, Indonesia,
1987-88., 

Rice Nonrice Norfarmincome income icome
equation equation equation 

Intercept 12.53 13.90 20.57 
RF x IMV1-IR36 0.35** -0.16 -0.19 

(5.12) (-0.30) (-0.13)
RF x IMV2-1R36 0.48** -0.27 -1.84 

(5.88) (-0.42) (-1.10) 
RF x IMV2-IMV2 0.45 '* -0.85 -2.44

(4.09) (-0.97) (-1.08)
IRx IMV2-1R64 0.52** -0.48 -0.66 

(6.28) (-0.73) (-0.39)
IRG x IR36-1R36 0.52** 0.12 -0.17 

(4.58) (0.14) (-0.07)
IRG x IMV2-1R36 0.66** 0.32 -1.11 

(11.57) (0.71) (-0.94)
IRG x IMV2-IMV2 0.76** 0.43 0.91 

(17.29) (1.25) (1.01)

IRG x IMV2-1R64 0.83** 0.11 1.75 


(6.17) (0.10) (0.63) 

UPLAND x TV -0.77** -0.82 -0.68
 

(-12.01) (-1.61) (-0.51)

UPLAND 	xTV-MCT -0.96** 0.52 -1.006 

(-23.06) (1.57) (-.17)
Ln RFSiZE 0.83** -0.40* -1.45** 

(34.25) (--2.09) (-2.90)
Ln NRFSIZE 0.03* 0.89** -0.27 

(1.98) (8.55) (-0.98) 

LEASER -0.78** -0.06 4.05
 

(-6.57) (-0.07) (1.56)

SHARER -0.78** 0.49 0.47 


(-9.55) (0.75) (0.28)

ANOWNER 0.16** 0.80** -1.55* 


(5.62) (3.48) (-2.61)
Ln AGE 0.06 -0.46 -4.02** 

(0.81) (-0.77) (-2.57)

Ln SCHOOL 0.004 -0.05 0.08
 

(0.75) (-1.19) (0.78)
Lin WORKER 0.03 -0.42 2.06* 

(0.79) (-1.39) (2.64) 
R2 0.86 0.23 0.12
Fvalue 162.02 7.86 335 
No. of samples 480 480 480 

'Numbers in parentheses are t-statistics. RF = rainfed environ
ment, IRG = irrigated environment, UPLAND = upland environ-

ment, TV = traditional variety, MV = modern variety, MCT 
= 
multiple cropping system, Ln =natural logarithm, RFSIZE = rice
farmsize, NRFSIZE=nonriceland, LEASER=ratioofareaunder 
leasehold, SHARER = ratio of area under share-tenancy, 
ANOWNER = ownership of bullocks, AGE = age of household
head, SCHOOL=yearsofschoolingofhouseholdhead, WORKER 
= number of workers in the family, 

ponent is regressed on the interaction terms between 
production environments and various MVs and 
socioeconomic characteristics, i.e., rice farn size, 
tenure pattern. owncrship of draft animals, age and 
schooling of household head, and number of work-
ing family menibers. The control variable pertains to 

the rainfed farms growing any MVs during WS and 

to nonrice crops or fallow during DS. 
The -ice income equation showed the best statis

tical fit w%;h an R2 of0.86. Except for age, schooling 
of h',u,'ehold head, and the number of workingeiernbcrs, all the coefficients were highly significa,,i 
and had the expected signs. The size of land, its 

tenure pattern and quality, and ownership of bul
locks and water buffaloes significantly explain dif
ferences in rice income across farm households. The 

coefficients of leasehold and share-tenancy are equal
despite lower rent payments of leaseholders to land
owners because share-tenants devote relatively more 

family labor to rice fanning. The ability to plant a 
second crop and degree of water control mattered, as 
evidenced by significant differences in the coeffi

cients across uplands, rainfed lowlands, and irri
gated farms. I he effect of difference in varieties 
planted seems most pronounced in the irrigated 

areas. Moreover, in both the irrigated and the rainfed 
areas, the choice of IMV2 and 1R64 provided the 
highest income. On the other hand, upland areas 

clearly provided the lowest income from rice. 
While the size of riceland, other land, and owner

ship oftbullocks and water buffaloes explained nonrice
 

farm income, the characteristics of the family labor
force, specificallyage of the household head and the
 
number of working members, significantly deter
mined the size of nonfarm income. The negative
 

coefficients of age, rice farm size, and bullocks in the 
nonfarm income equation simply imply that farm 

households with younger heads, smaller rice area,
and fewer other assets devote more family labor time 
to nonfarm employment. This suggests that income 

from other sources of employment compensates for 
the smafler proceeds from rice farming in the less 
favorable environments. 

Determinants ofhousehold income distribution.
The effects of varietal improvement on house

hold income distribution were examined by a de
composition analysis of the Gini measure of income 
inequality. The overall Gini ratios based on house
hold income did not show significant difference 
across production environments, and were slightly 
lower in more favorable village, 'Table 51). On the 
other hand, the Gini ratios of inccne components 
suggest that income generated from nonfarm activi
ties and returns to owned capital in rice farming were 
most unevenly distributed among farm households 
in any production environment. The distribution of 
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Table 51. Income shares, Gini ratios, and contribution of income components by production 
environment in an intensive survey, Lampung, Indonesia, 1987-88. 

Rice income Nonrice income 
Total 

Environment income Land Family Owned Farm Nonfarm 
labor capitil 

Incorne shares 
Irrigated 
Rainfed 
Upland

Pooled 

1.000 
1.000 
1.000 
1.000 

0.333 
0.191 
0.130 
0.227 

0.127 
0.107 
0.062 
0.102 

0.030 
0.028 
0.028 
0.029 

0.274 
0.439 
0.681 
0.447 

0.236 
0.235 
0.099 
0.196 

Gini ratios based on household income 
Irrigated 
Rainfed 
Upland

Pooled 

0.347 
0.363 
0.385 
0.369 

0.394 
0.363 
0.470 
0.476 

0.288 
0.286 
0.306 
0.354 

0.725 
0.664 
0.594 
0.675 

0.531 
0.552 
0.535 
0.568 

0.725 
0.744 
0.681 
0.743 

Irrigated 
Rainfed 
Upland 

Pooled 

Contribution of household income components 
0.091 0.014 0.007 
0.026 0.007 0.003 
0.030 -0.003 0.009 
0.0,9 0.008 0.007 

0.101 
0.200 
0.349 
0.204 

0.132 
0.127 
0.000 
0.091 

Irrigated 
Rainfed 
Upland

Pooled 

Gini ratios based on per capita income 
0.370 0.435 0.333 0.740 
0.371 0.394 0.338 0.681 
0.425 0.488 0.298 0.622 
0.396 0.507 0.390 0.689 

0.539 
0.567 
0.561 
0.592 

0.732 
0.734 
0.687 
0.743 

Giniratios based on individual income 
Irrigated 
Rainfed 
Upland

Pooled 

0.350 
0.371 
0.440 
0.394 

0.419 
0.399 
0.497 
0.498 

0.309 
0.328 
0.287 
0.367 

0.714 
0.690 
0.643 
0.692 

0.533 
0.559 
0.590 
0.595 

0.713 
0.720 
0.660 
0.726 

income from nonrice farming was more skewed than Gini ratios based on per capita income were also
 

It-I income ind family labor earnings from rice estimated to account for differences in family size.
 

t ,ning. The distribution ofoverall income, as well as income
 

In the irrigated villages, the most important source components, was generally more unequal for per 

contriuting to the overall income inequality was capita income than for househAid income, indicating 
nonfann activities (38%) followed by nonrice farm- that lower incont: households tended to have larger 

ing (29%) and the returns to land in rice farming family size. Income distribution was more uneven in 

(27%). Inthe rainfed villages, it was nonrice farming the upland area in which MVs were not grown, and 
(55%) followed by nonfarm activities (35%), while was only slightly worse in the rainfed area than in the 

in the upland villages it was almost solely nonrice irrigated areas. Patterns of contributions of the vari

farming (91%). ous income sources to income inequality were simi-

The pooled data of all households also show that lar to those of household income patterns. 
the most important contributions to the overall in- Conclusion. Because adoption of newer MVs 
come inequality came from nonrice farming (55%), increased land income from rice farming in the 
the nonfarm sector (25%), and land income !rom rice irrigated area more than in the rainfed jowland and 

farming (16%). The distribution of famiiy labor upland areas, overall income inequality may in

income was equal v hile that of capital income was t:rease. Despite the grcaterdisparity in returns to land 

clearly more skewed than the overar, income. How- between favorable and unfaverabk. rice-growing 
ever, the inequality of-,apital income did not signifi- areas, distribution of household income was not 

cantly contribute to the overall income inequality significantly worsened. This is mainly because farms 
because its share in total income was small. in favorable areas a-e smaller and profitable nonrice 
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income opportunities existed in less favorable areas 
so that fanily labor and land were used in nonrice 
farming and nonfarm work. Thus, MV improvement 
did not contribute much to the overall income ine-
quality among farm households across rice produc-
tion environments in Lamioung. 

The tradeoff between efficiency and equity asso-
ciated with the diffusion of MVs is not as severe as 
commonly thought. Therefore, research investment 
is warranted forthe favorable rice-growingareasand 
to develop modern technologies for the nonrice food 
and commercial crops grown in the less favorable 
environments. 

Subprogram IV: Pest science and 
management 

This project aims to generate knowledge for man-
agement strategies in rice ecosystems by improving 
our understanding of the biology and ecology of 
pests and of beneficial organisms. The three specific 
objectives are to I) analyze the biology and ecology 
of pests and beneficial organisms, 2) characterize 
and quantify the key factois influencing population 
dynamics and pest-plant coevolution, and 3) quan-
tify yield-loss relationships and determine the necha-
nisms of plant-pest interactions. 

Seed health 

BACTERIAL I'ATIIOGEi'S ASSOCIATED WITH SEED 
AND SIEAT1 DISCOLORATION 
This activity focuses on determining the bacterial 
pathogenscausing rice seed and sheath discoloration 
in the tropics. Many bacterial pathogens cause dis-
coloration disease syndromes, which are associated 
with MVs and known to be ::!edborne. The discol-
oration.i result from complex interactions of biotic 
and abiotic stresses. As many pseudomonad patho-
gens are reported to cause panicle and sheath discol- 
oration in temperate environments, this activity aims 
at generating the information needed to prevent 
di:¢coloration through crop managcment and healthy 
germlplasmi exchanges. 

The collection olpathogens (185 from more than 
4,000 isolates collected throughout the Philippines) 
was taxonomically ,dentified using a series of phe-
notypic analyses a', both IRRI and Rijksuniversiteit 
Gent, Belgium. Symptoms induced by the groups of 
pathogens were verified at IRRI. 

Three commercially available techniques (API 
20NE/API 20E [bioMerieux SA France], BIOLOG 
[Biolog Inc. of Hayward, California ],and Microbial 
Identification System based on the cellular fatty acid 
composition IFA-MIS ID, Newark, Delaware])were 
used to identify the Philippine rice isolates and 
reference cultures of the Pseudouonas, Erwinia, 
and Xantho onas genera. Results ofthese tests were 
numerically analyzed against data bases of known 
rice pathogenic bacterial isolates. An overview of 
the results is given in Table 52 and Figure 22. 

With BIOLOG, correct identification for all ref
erence strains was obtained forPseudononasavenae, 
P. aeruginosa, P. corrugata, P..fuscot'vaginae (ex

cept strain GR2), P.marginalis,P. putida, P. syrin
gae, and Xanthonwnas mualoluilia.During numeri
cal analysis, the Philippine isolates and the reference 
strains clustered in nine groups. Cluster A5 included 
the P. aeruginosa isolates; cluster B I comprised 
P.fisc'ovaginae isolates and reference strains; clus
ter B2 had isolatesand reference strains belonging to 
P. marginalis, P. corrugata, P. fluorescens, and 
P. aureofta'iens; clusterE had P.avenaecultures and 
reference strains; and cluster DI was formed by the 
P. ghmae reference strains and five Philippine cul
tures. The remaining 62 Philippine fluorescent iso
lates grouped in cluster A2, A3, A4, and A6 are still 
for identification be,"ause they did not contain refer
ence strains. 

To furtherconfirm the identities of the Philippine 

isolates, characteristic growth on selective media, 
growing-on tests, and Oichterlony double diffusion 
tests were done. The characteristic colonies on the 
selective media used for the known rice pathogens 
revealed the presence of P. glumae, Erwinia spp., 
and P.fiiscovaginae in the collection. However, not 
all strains identified by BIOLOG, FA-MIS ID, and 
API as P. fiscovaginue showed the characteristic 
cream-colored colony with greenish center (Fig. 23) 
on Miyajima's selective medium. All the P. glunae 
colonies that are congruent with the identification in 
Belgium showed the characteristic colony types "A" 
and "B"(Fig. 24). 

Selective media used forP. plmtariidid not show 
the distinctive colony morphologies expected. All 
other pienotypic tests suggest the absence of this 
species. As limited selective media are available for 
phmt pathogenic bacteria, especially for fluorescent 
pseudomonads, few differential ,nedia were used. 
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Table 52. Identification of Philippine rice isolates. 

Ue lBIOLOG
Rice isolates API 20NE/API 20E FA-MIS ID 

(no.) Cluster Identification (similarity), Identificaticn (codeb) Cluster Identification (similarity), 

0 
3 
3 

49 

A2 
A3 
A4 

P. fluorescens C. (0.682-0.862) 
P. fluorescens C (0.538-0.768) 
P. fulva (0.234-0.451) 

Pseudomonas (0156557) 
Pseudomonas (1152555) 
No match (0054455) 

II 
II 
I1 

P. aureofaciens (0.270-0.527) 
P. putida A (0.194-0.321) 
P. putida A (0.181-0.755) 

P. putida A (0.137-0.790) Pseudomonas (0056451) 
co Pseudomonas (0056455) 
I-. 

4 A5 P. aeruginosa (0.834-0.826) 

Pseudomonas (0154455)
P. fluorescens (0156455)
P. aeruginosa (0154475) VI P. aeruginosa (0.650-0.739) 

4 A6 P. fluorescens C (0.093-0.697) P. acruginosa (1154475)
Pseudomonas (0156457) I No match 

11 B1 P. fuscovaginae (0.711-0.917) 
Pseudomonas (0156557)
P. fluorescens (0147555) 

II 
I 

P. putida A (0.198)
No match 

109 

3 

B2 

D1 

P. corrugata (0.334-0.424) 
P. marginalis (0.090-0.838) 
P. fluorescens B (0.747) 

P. gladioli (0.111-0.229) 

P. fluorescens (0157455) 
P. pseudomonas (0157555)P. fluorescens (0147555) 
P. fluorescens (0156555) 
Pseudomonas (0157555) 
No match (0357555) 
No match (0477551) 

IV 

II, IV 

VIII 

P. putida A (0.381) 

P. aureofaciens (0.135-0.796) 
P. fluorescens B (0.106-0.802) 
P. putida A (0.197-0.769) 

No match 
P. caryophyli(0.062-0.188) No match (1077051) 

No match (1077451) 
14 El P. avenae (0.188-0.900) No match (1477551)

No match (1205474) 
No match (1205464) 

V P. facilis (0.145-0.509) 
H. pseudoflava(0.123-0.457) 

4 

14 

F 

G 

X. maltophilia (0.003-0.704) 
X. campestris pv. utica (0.619) 
E. agglomeransA (0.057-0.7358) 

No match (1205460)
No match (1247577) 
X.. naltophilia (0472345) 
No match (0473345) 
Erwinia sp. (1245123) 

I 

X 

No match 
X maltophilia (0.121-0.152) 

K. terrigena (0.544-0.735) Erwinia sp. (1245163) 
Erwinia sp. (1245563) 
Erwiniasp. (1245573) 
S. ficaria (1206373) 
No match (0207773)
No match (1204173) 

'Minimum and maximum similarity are mentioned where two or inore isolates give the same identification. bAPI 20NE code is given for oxidative isolates and API 20E
code for fermentative isolates. 
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P avenae aeruginosa
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P marginals pv. alfalfae 
P marginalis pv. pastinacae
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P. syringae C 
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pseudornonads 	 | P.gladioli pv. glad;oli D -
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avenaeL P 14 rice isolates E 

P.canophylli 

22. Dendrogram of the numerical analysis of the BIOLOG data on isolates and culture collection strains. 

The presence ofP. glumnae in the collection was surveys for this project. P. gluniae-like isolates reverified by the formation of precipitin bands with its cently collected from the Bicol Region in southernantiserum (P. glmtae type stain NIAES 1169) using Luzon were also positively identified by the samethe Ouchterlony double diffusion test. All the strains test.identified by BIOLOG as P. glumae (isolates no. The antisera from P.plantarii type strain NIAES1857, 1858, 2056, 2076, 2057), regardless of the 1723 and P. fuscovaginae "A" did not precipitatetype of colonies 	on SPG medium (its selective with any of the Pseudornonas isolates tested. Basedmedium), formed 	precipitin bands with its antise- on other tests, P. plantarii is not present in therum. Tiis confirms the presence ofP. glunae in the collection. Philippine P.fuscovaginae strains couldPhilippines, as the isolates were collected during the vary slightly from the Japanese strain from which the 
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Type A colonies: round. snmooth, convex, and reddish brown. 

Type Bcolonies: round. smooth. convex. and opalescent purple. 
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was produced, in which case the Philip
strains may not produce precipitin bands. 

and next steps. Not all the isolates 

identified by the methods described above produced 
similar to those caused by the Pseudo

,Inuas pathogens reported in tcmperatc environ
iments. but clear necrotic and water-soaked lesions 

were noted. Although the tests clearly indicated the 

identities of some of the pathogens, their taxonomic 

- relationships remain ambiguous. Other diagnostic 

tests are needed to elucidate the taxonomic vari
were 

-symptoms 

ations of the pseudoinonad pathogens that 

isolated from rice seeds and sheaths in the tropics. 

Biology and physiology of rice pests
 
and beneficial organisms
 

RICE GENOTYPE EI:FECF ON NATURAL ENIMIES 

Increasing evidence points to the important role that 

an insect pest's host plant plays in guiding natural 

enemies to the pest. A potentially fruitful approach 

to rice pest management is to select cultivars that 

provide some resistance to or tolerance for pests and 

also attract natural enemies. Plant improvement ef

forts with such dual objectives could contribute sig

nificantly to achieving durable and sustainable sys

terns of plant protection. 
This research aims to measure the response of 

insect predators and parasitoids to different rice 

genotypes and determine if nechanisns that favor 

an increased response can be manipulated through 
plant improvement. 

One technique for quantifying response to differ
ent rice genotypes involves bioassays in an olfac

tometer (Fig. 25). The natural enemies are released 

(at point 3 in the figure) and allowed to choose an 

odor source from a chamber with a plant or from a 

blank chamber. Bioassays showed that the predator 

Criorhinuslividipennis, a major natural enemy of 

BPH Nilaparvata lugens, generally preferred the 

plnt odor when allowed to choose between it and 

pure air in a blank chamber (Table 53). Rice geno

types IR28, IR68, and IR50404 were the most attrac

tive to the predator. 
Volatiles from the three most attractive geno

types will be examined in detail. The efficiency of 

Tenax TA, Carbopack B.and activated C its adsorb
ents for volatiles has been tested using synthetic 

mixtures of rice plant volatiles under anhydrous 

conditions. Integration areas obtained froth gas chro

matographic analysis of desorbed volatiles from test 

fE 
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25. Olfaclometer for measuring insect predator and parasitoid response to different rice plants. 

columns were compared with the integration areas of Table 53. Olfactometer response of Cyrtorhinus livi
the control obtained from direct injection of the test dipennisto different rice plants after 10 mi.mixtres.Number" responding to 
mixtures. Carbopack gave the highest total recovery Rice plant r2 
rate and adsorbed consistently at the same propor- Plant Blank 
tion as the standard, while Tenax showed preferen- IR28 39a 11 14.58"* 
tial adsorption of less oxygenated volatiles. In addi- IR68 a 36 14 8.82** 
tion, volatiles adsorbed on a Tenax trap had to be IR50404 b 34 16 5.78*IR49491 a 32 18desorbed immediately, since 2-wk storage at -50 'C 3.38 nsIR33059 b 32 18 3.38 ns 
resulted in only 25% recovery from Tenax, but no IR74 b 31 19 2.42 ns

IR56446 e 31decrcase in recovery from the Carbopack trap. 19 2.42 nsIR64 c 30 20 1.62 ns 
Peta f 2030 1.62 nsTiIREt: NE\ XAN111OMONAS OR)'1/.Al PV. ORYZAE IR56455 c 30 20 1.62 nsTN1 c 29 21 0.98 ns 

RACES 0. nivara d 28 22 0.5 ns 
An RFLP survey of 179 strains of Xanlthonotnas IR56382 h 28 22 0.5 ns 
orywa' pv. ()ryzJ IR72 i 25 25 0.02 nsusing probe pTNX I revealed that. IR57283 g 23 27 0.18 ns 
of the six previously known Philippine races, two 'Of 50 females allowed to choose between achamber with a 
had twe distinct lineages each (Fig. 26). Groups of plant and ablank chamber. 
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HIaplotype Type Old New 
isolate race race 

0.08 ltI 0.06 0.04 0.02 0.00 - 1 

Il-A PX0179 3 3 
11I-B PX0141 3 3 
Il-C PX0146 3 3 
11-D PX0134 2 2 
I-E PX079 2, 3, 5 2,3, 7 
Il-F PXO210 1 8 
1I-G PX0205 5 7 
IV-A PX0204 5 7 
IV-B PX0219 5 7 
IV-C PX0220 5 7 
IV.D PX0206 5 7 
I-A PX0203 5 5 
I-B PX0215 5 5 
I-C PXO112 5 5 
I-D PXO80 5 5 
I-E PX0162 5 5 
Il-A PX020 1,.3 1(9) 
,,l-B PX0223 1,3,4 1(9),4 
Il1-C PX0170 1 1 
111-0 PXO15 1,3 1(9) 
III-E PX0164 3 (9) 
Ill-F PX036 1 1 
V-A PXO115 6 6 

VI-A PX035 1 1 

26. Phylogenetic tree of Philippine strains ofXanthoionas oyrzae pv. ory:ae, as determined by numerical analysis of RFLP data based 
on the probe pTNXI. 

strains representing the pairs of lineages from each The use of an indicator variety would be helpful, 

race were tested on cultivars carrying 10 known especiallyinmonitoringRTSV-carryingGLHcaught 
resistance genes for BB. Differential reactions were in light traps or in the field. 
observed and confirmed (Table 54). Thus, two new To identify an accession that ,mould show distinct 

races (designated 7 and 8) have been detected, cor- symptoms of RTSV infection, we tested four acces

responding to pathogen lineages detected through sions of 0. glaberrima (IRGC 100139, 100153, 

DNA typing. Race 7 is differentiated from 5 and 8 102569, and 103437) that are highly susceptible to 

from 1. In some inoculation experiments, the two RTD. To inoculate 7-d-old seedlings of each acces

lineages of race 3 could be distinguished, but differ- sion, one GLH that had fed on RTSV-infected rice 

ences were not always consistent. Races 7 and 8 are plants was allowed to feed on each seedling for 24 h. 

differentiated on cultivars carrying the resistance Healthy seedlings exposed to virus-free GLH served 

gene Xa- 14. The new races will be incorporated into as control. Symptoms were observed at weekly inter

the set of strains used for screening fice germplasm vals. A visual score was taken 3-4 wk after inocula

for resistance to BB. tion and compared with ELISA results. 
Among the four accessions tested, IRGC 100139 

Diagnostic techniques for virus consistently showed distinct symptoms of RTSV 

disease monitoring infection. Infected plants were severely stunted and 
had pale green, erect, narrow leaves 3-4 wk after 

INDICATOR VARIETY FOR RICE TUNGRO SPHERICAL inoculation. Infection rate at one insect/seedling was 

VIRUS 60-80%, which is almost the same as that of TNI. 

RTSVdoesnotinduccdistinctsymptomsonanyricc The visual scores concurred 100% with ELISA re
varieties so far tested at IRRI. RTSV infection is sult,. This is the first report of a rice accession 

assayed only by serological tests, which are expen- showing distinct symptoms of RTSV infection un

sive and require special equipment and materials. der tropical conditions. The accession may be used 
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Table 54. New races of Xanthomonas oryzae pv. oryzae detected by testing pairs of 
;-neages defined by RFLP typing on cultivars carrying known resistance genes., 

Cultivar Known 
gene LL SD 

Race 1,!in II 
(race 8) n = 5 

IRBB-14 Xa-14 2.8 1.1 
TN1 Xa-14 11.2 3.9 
8106-R Xa-14(?) 18.8 2.4 
Tetep Xa-1, 2, 12 11.4 2.7 
IRBB-1 Xa-1 32.4 1.52 
IRBB-2 Xa-2 12.4 1.52 

Race 5, lin 1 
n =8 

IRBB 14 Xa-14 3.9 4.5 
TN1 Xa-14 10.3 4.2 
8106-R Xa-14(?) 13.9 3.1 
IRBB-2 Xa-2 19.4 3.3 
Tetep Xa-1, 2, 12 23.0 3.2 
IR8 Xa- 11 27.9 4.4 
IRBB-1 Xa- 1 26.8 4.6 
IR24 none 31.0 4.0 
IR20 Xa-4 5.8 0.9 
DV85 xa-ii, Xa-7,... 4.0 2.1 

Race 3, lin II 
n=5 

CAS209 Xa-1O 31.8 7.1 
Tetep Xa-1, 2, 12 36.0 5.5 
IRBB-3 Xa-3 11.2 8.0 
IRBB-4 Xa-4 30.2 4.9 

LL SD 

Race 1,lin
 
III + VI n = 10 


29.6 4.8 
34.2 6.7 
43.9 2.8 
37.4 5 
34.4 1.26 
34.7 2.91 

Race 5, lin 1I 
IV(race 7) 
n= 10 

30.3 2.8 
37.5 2.1 
43.1 2.1 
34.4 1.2 
36.4 2.3 
34.8 1.2 
32.5 0.7 
34.6 1.9 
8.5 1.0 
2.3 1.1 

Race 3, lin III
 
(race 9)
 
n = 4 


53.8 10.7 
65.8 2.5 
23.5 6.5 
40.3 7.0 

Difference 
in LL 

Signi
ficance 

(11,VI-!I) 

26.8 
23.0 
:5.1 
26.0 
20 

22.3 

0.000"* 
0.000"* 
0.000"* 
0.000"* 
0.018* 
0.000* 

(11,IV-I) 

26.4 
27.3 
29.2 
15.0 
13.4 
6.9 
5.8 
3.6 
2.8 

-1.7 

0.000** 
0.000"* 
0.000"* 
0.000"* 
0.000"* 
0.000"* 
0.001** 
0.022* 
0.000"* 
0.038* 

(11,IV-1) 

22.0 
29.8 
12.3 
10.1 

0.008** 
0.000"* 
0.041* 
0.038* 

'Data for cultivars showing statistically significant differences in lesion length (LL) for the lineages tested 
are shown. SD = standard deviation, lin = lineage. 

for monitoring RTSV-carrying GLH without using 
expensive serological tests. 

ASSAY USING ANTISERUM AGAINST NONCAPSID 
PRO"EIN OF RICE GRASSY STUNT VIRUS 

Rice grassy stunt virus (RGSV) produces large 
arnounts of noncapsid protein (NCP) in infected rice 
leaves. The NCP was easily detected in a small 
quantity of RGSV-infected leaf extract using so-
dium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and was purified by differen-
tial precipitation and single ultracentrifugation. We 
examined its usefulness in serological assay ofRGSV. 

The antiserum was produced from NCP purified 
by differential pHi precipitation. It reacted strongly 
with purified RGSV and infected plants, but not with 

healthy plants in double antibody sandwich enzyme
linked immunosorbent assay (DAS-ELISA). As this 
indicated a slight contamination of viral coat protein 
in NCP preparation, NCP was further purified by 
SDS-PAGE. The antiserum produced from this NCP 
reacted positively with purified NCP and infected 
plants, and did not react with purified RGSV and 
healthy plants in DAS-ELISA. The sensitivity was 
greatly increased by using indirect ELISA. The NCP 
was detected in the purified NCP preparation at a 
concentration less than 10 ng/ml, and in sap from 
infected plants diluted to 105 . No positive reaction 
was obtained with sap from healthy rice plants and 
purified RGSV (Fig. 27). 

The results suggest that antiserum produced from 
a purified NCP obtained from differential pH pre
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cipitation can be applied for routine indexing of 
RGSV-infected plants. Thi ; process is easier than 
the very laborious preparation of RGSV antibodies, 
Antiserum produced from a purified NCP obtained 
from SDS-PAGE can be applied in detecting NCP in 
infected plants. However, antiserum obta~ned this 
way reacted with some healthy BPH vectors in 
indirect ELISA and cannot be used to detect virulif-
erous insects, 

DNA PROBES TO iFTECI RICE YELLOW DWARF 

(RYD) AGENT 

RYD is a serious rice disease caused by a myco-
plasma-like organism (MLO). Antiserum for RYD-
MLO has not been available so far. Recently, DNA 
probes pRYD- 12and pRYD- 19 forRYD-MLO DNA 
were developed in Japan to diagnose RN D. In the 
lRRl-J-,,n Shuttle Research Project, we tested 
whether these two probes can detect a Philippine 
isolate of RYD. 

Rice leaves were homogenized in CTAB buffer, 
incubated at 65 'Cfor3Omin,andcentrifuged. DNA 

Absorbance (405 nm) value 

4 

Indirect 

3 V Purified NCP 

3 V Purified RGSV 

* Infected RGSV sap 

2 o Healthy sap 

1
0P 

0 
2 

'c Y c r
0 

10-1 10-2 10-3 10-4 10-5 10-G 10- 7 

Dilution of antigen 

27. Absorbance (405 nm) values for indirect and DAS-ELISA 
tests usinz the 24 kD antiserum purified by SDS-PAGE. The 
purified NCP was adjusted to an initial concentration of I mg/ml. 
RGSV to A, = 3.0, and pltnt sap to I g tissue/tnt. 

was extracted from the supernatant with chloroform
isoanyl alcohol, recovered by isopropanol prccipi
tation, and dissolved in TE buffer. For comparison, 
DNA extract of the Japanese RYD isolate was in
cluded in the tests. 

Twofold serial dilutions of the DNA preparations 
were spotted onto nylon membranes (Hybond N+, 
Amersham). The enhanced chemiluminescence 
method (ECL Gene Detection System, Amersham) 
was used for probe labeling with peroxidase, hy

bridization, and detection of signal. 
Both probes hybridized with Philippine RYD-

MLO DNA (Fig. 28). We were able to detect Philip
pine RYD-MLO DNA in aminimum of 60tg of rice 
tissue with these probes. The Philippine isolate gave 
a slightly weaker signal than the Japanese isolate in 
both probes. Moreover, pRYD- 19 showed a stronger 
hybridization signal with the Philippine isolate than 
did pRYD- 12. Healthy extracts gave negative reac
tins. 

Resuits showed that DNA probes developed for 
Japanese isolates of RYD can be used to detect 

Philippine RYD isolates. 

oo9 250 1opg 6'Oopq 50

pRYO-Ag 

pRYD-12 

P 

H 

28. Detection of DNA of RYD-MLO in rice leaves using DNA 
probes pRYD- 19 and pRYD- 12. J =Japanese isolate, P= Philippine 
isolate. H = healthy. Numbersshow weight of fresh leaves perdot. 
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Pest population dynamics 

SYSTEMS SIMULATION OF I,'.F BLAST EPIDEMIC 
IN TiH TROPICS 
Several models that relate real world pathosystems 
of rice leaf BI have been developed for temperate 
environmcnts. These models dynamically predict 
the polycycle of the fungus using a bottom-up ap-
proach in modeling. Realistic forecasting of BI epi-
demrncs in temperate climates was assisted by incor-
porating stochastic simulation of panicle BI kPBl) to 
BI models, 

Few models are available for simulating tropical 
rice leaf BI pathosystens. Available models were 
done mainly for BI simulation with PB1 estimated 
using only empirical equations. To surmount this 
limitation, we improved ourearlier BI model and de-
veloped a more dynamic program. BLASTSIM.2, 
ver,;ion BETA021 (written in FORTRAN) simulates 

BLASTSIM.2 also includes daily dew period esti
mation and graphic routines. 

Preliminary validation of the model was done 
using B!disease data of UPLRi-5 from 1989 WS in 
Cavinti, Laguna, and of IR72 from 1991 DS in an 
IRRI-BI nursery trial. Minimum data sets on the 
weather ofthe sites studied and the characteristics of 
varieties used were obtained as input to the model. 
L)ala on receptivity factors were extracted from a 
greenhouse experiment using P06-6asatest isolate. 
Results from regression and correlation analyses 
showed high significance (R2 , r,F-value) of model 
:)utput vs field-measured data for lesion production 
and devlopment and disease severity in all experi
ments (Table 55), suggesting nonsignificant differ
ence. While a pooled variance comparison revealed 
more distinct differences for one treatment in the 
Cvinti trial, most treatments were not significantly 
different from BLASTSIM.2 outputs. Graphically, 

Bi development for agiven rice-Pvricularia 'vrzal'model-predicted variables produced atrend similar 
isolate combination in various tropical situations, 
Stale vriables in the fungus monocycle, such as 
spore p-roduction, spore release, spore dispersal, 
spore deposition, latcncy, and lesion production ano 
expansion, are estimated on the basis of various 
micro- and macrn-climatic parameters of asite and 
the agronornic characters of arice cultivar. Receptiv-
ity factors quantifying aspecific host-pathogen rela-
tionship have been added to the model to explain the 
genetic component of a given pathosystem. 

to that of observed data (Fig. 29,30). BLASTSIM.2, 
with further modifications and validations, will be 
useful in determining BI disease management 
strategy. 

CHARACTERIZATION OF RICE TUNGRO DISEASE 

INCIDENCE 
In some Philippine provinces, RTD may be consid
ered epiJemic, as it constardy affects crops Planted 
in WS or DS. Such areas are commonly termed "hot 

Table 55. Results of regression, correlation, and pooled-variance analyses of observed 
versus model-predicted lesion number/hill, lesion size/hill, and percent disease severity/ 
hill. 

R2Experiment, State variables r F Pooled 
treatment 

Cavinti, 1989 WS 
Low-epidemic 

Medium-epidemic 

High-epidemic 

IRRI, 1991 DS 
10 cm spacing 

20 cm spacing 

variance 

Lesion no. 
Lesion size 
Severity
Lesion no. 
Lesion size 
Severity 
Lesion no. 
Lesion size 
Sevwrity 

0.77 
0.86 
0.91 
0.55 
0.61 
0.73 
0.76 
0.95 
0.97 

0.88** 
0.92** 
0.95** 
0.74** 
0.78** 
0.86"* 
0.87'* 
0.97** 
0.98"* 

255.08** 
460.96** 
797.37** 
95.92** 

122.63** 
215.41** 
251.80** 

1414.71** 
2628.23* 

301.15n' 
3.23",
1.17' 

2673.87s 
20.44** 
8.91"* 

2426.10*
15.21 n , 
5.69"' 

Lesion no. 
Lesion size 
Severity
Lesion no. 
Lesion size 
Severity 

0.86 
0.94 
0.92 
0.72 
0.72 
0.77 

0.93** 
0.97** 
0.96** 
0.85** 
0.85** 
0.88** 

516.31* 
1409.70* 
990.07** 
215.23** 
217.34** 
276.32** 

8669.35" 
59.44" 
2.69"' 
5.82"' 

1254.83* 
0.07" 
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29. Simulated versus observed lesion no./hill, lesion size/hill. and 
% severity/hill on three epidemic treatments from 1989 wet 
season experiment. Cavinti. Laguna. Model used was 
BLASTSIM.2 v.BETA02 1.SEV = severity. LS = lesion size. LN 
= lesion no.. S = simulated. 0 = observed. 

spots," in contrast with other rice-growing areas, 
where only explosive, sporadic epidemics occur. In 
order to characterize variation in RTD incidence 
with a small set of key variables, we conducted a 
descriptive analysis using survey data of two RTD 
"hot spots." 

The sites are in two rice-growing areas of 
Mindanao, Philippines: North Cotabato and Sultan 
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Severity % or lesion size (cm2 ) Lesion no, 
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30. Simulated versus obse:rved data on lesion no./hill, lesion size/ 
hill, and % disease severity/bill on 10- and 20-cm plant spacing 
treatments in experiment using 1R72, 1991 DS, IRRI 1 nursery. 
Model used was BLASTSIM.2 v. BETA02]. 

Kudarat. The survey was conducted during nine 
consecutive cropping season3 (from 1983 to 1987).
Information was obtained on total populations of 
130 fields in North Cotabatc, and 118 fields in Sultan 
Kudarat. Data were collected at the tillering stage, 
and each field was represented 	 by a set of five 
variables: cropping season (DS or WS), planting 
date, RTD incidence, total vector population, and 
proportion of viruiiferous vectors. Boundaries and 

classes for each of the quantitative variables were 
defined and transformed into qualitative ones 

(Table 56). 
Correspondence analysis is a multivariate method 

that allows the pictorial analysis of categorized in
formation. A correspondence analysis was conducted 
for each area. In both correspondence analyses, the 
two first axes accounted for most of the information 
involved in the analyses (97.5% in North Cotabato 
and 92.5% in Sultan Kudarat. The two graphs in 
Figure 31 share common features, including the 
pattem ofRTD incidence classes from absence (INO) 
to increasingly high incidences (INI to IN3). The 



Table 56. Categorization of variables used in the correspondenc ,aalyses of (RTD)
epidemics. 

Variable name UnitClasses of initial 
variable 

RTD incidence INO IN1 IN2 IN3 %

Boundaries 
 0% 0<IN<52 2<IN<5 IN>5
 

Number of V1 V2 
 V3 V4 
 N vectors

vectors caught
 
in 10 sweeps


Boundaries 0<V<5 5<V<10 10<V<15 V>15 
Percentage of VV0 VV1 VV2 VV3 %
viruliferous 
vectors
 

Boundaries 0% 0<VV<5 5<VV<l5 VV>15
 
Planting dates PD1 PD2 PD3 
 PD4 PD5Very early Early Intermediate Late Very late 
Cropping WS DS 
season wet dry 

successive classes can be linked in the graphs, and 0.6 
the lines representing paths of increasing RTD inci- IN3 TVV3dence may be compared to patems of other vari- PD V4\ North Cotabato
ables. Both paths of increasing RTD incidence show
 
two phases: disease establishment (INO to IN I along 
 ] sthe first axis) and disease intensification (IN I to IN2, INOl PD50.2 INO PD - VoVIVand IN3, along the second axis). Off-season plant- IN21 V1ings (PDI and PD5 in North Cotabato; and PDI, 0 VV2* _ - 'o
PD2, and PD5 in Sultan Kudarat) are graphically /V3 
 - - PD1associated with absence of FTD (INO), whereas PD40 S2V
plantings at intermediate (between early and late) IN1Dos IN0 
periods (PD2 a;d PD3 in North Cotabato, PD3 in -0.4 V2
 
Sultan Kudarat) correspond to high RTD incidence 
 -1 0 1 2 
(IN3). 

The successive categories of vector population 0.8
 
size (from very small VI to very large V4) and of _Svv3
 
proportion of viruliferous vectors (from null VVO to 
 P NSalarge VV3) can be linked too, and the resulting paths WSIN2 

compared to that of incidence levels. The outcome 0.2 •N2indicates differences in the disease-vector-virus re- VV3 PD2
lationships between the two areas. 0 
 \' VV4 VVIn North Cotabato, absence of viruliferous vec- _DS kV2 N V OPD5 
tors (VVO) is associated with absence of disease V2 VV OP
(INO), and high proportion of viruliferous vec:ors 
(VV3) is associated with high disease incidence -0.6 iN IPD4 
(IN3). The path of increasing proportion ofvirulifer- -1 0 1ous vectors follows astepwise pattern in close corre- 31. Patterns of RTD incidence in North Cotabato and Sultanspondence with increasing RTD. Disease intensifi- Kudarat, Philippines, 1983-87. IN=tungroincidence, VV=%ofcation (from IN I to IN3) is associated with increas- viruliferous vectors. PD = planting dates, V = no. of vectorsing total vector population. caught in 10 sweeps, DS = dry season, WS = wet season. 
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In Sultan Kudarat, the relationship between RTD 

incidence and proportion of viruliferous vectors can 

be seen in two phases. In a first phase, a stepwise 

increase of the proportion of viruliferous vectors 

from null (VVO) to medium (VV2) is associated with 

disease appearance INO-IN I). In a second phase, 

the occurrence of medium to high incidence is asso-

ciated with ahigh proportion of viruliferous vectors 

(VV3). The relationship between RTD incidence 

and total vector population is represented by an 

overall trend only: whereas very low vector popula-

tion (VI)corresponds to absence of disease, disease 

appearance and further increase are associated with 

any vector population size. from small (V2) to very 

large (V4). 
RTD prevalence is affected differently by the 

cropping season in the two areas. In North (:otabato. 

RTD prevalence is simikr in both seasons (WS and 

DS are equally distant from INO), incidence being 

frequently higher in WS. In Sultan Kudarat. RTD 

prevalence isusually higher in DS: however, when 

RTD occurs in WS. incidence is higher. 
RTD intensity in the tillering stage in the two 

areas can be characterized as paths of increasing 

incidence with two phases: disease establishment 

and disease intensification. In both areas, RTD does 

not establish during off-season planting. In North 

Cotabato, RTD establishment is associated with the 
appearance of viruliferous vectors, regardless of the 

vector population size or cropping season, whereas 

in Sultan Kudarat, RTD is associated with an in-

crease of proportion of viruliferous vectors (to V3), 

any increase in vector population size, and DS. On 

the other hand, RTD intensification corresponds in 

both areas to plantings progressively taking place at 

the peak period. Whereas in North Cotabato RTD 

intensification is associated with increasing vector 

population size and percentage of viruliferous vec-

tors, RTD intensification in Sultan Kudarat appears 

primarily and strongly dependent on the occurrence 

of a high percentage of viruliferous vectors. Apart 

from similar effects of planting periods, the two 

analyses therefore indicate changing patterns in the 

relationships between the vector population, the 

proportion of viruliferous vectors, and RTD inci-

dence. 

The two analyses indicate that, besides common 

features, the two areas exhibit differences that may 

be associated with differing mechanisms influenc-

ing the perpetuation of RTD. The North Cotabato 

sites appear more responsive to RTD than are those 

188 IRRI program report for 1991 

in Sultan Kudarat. As the sites are planted to the same 

varieties, several explanations tbr the differential 

response may be considered, including adifference 

in the amnount of alternate hosts, variation in ',ector 

ecotypes, or environment-variety interactions. 
The analyses successfully produced epidemiol

ogical characterizations of two RTD '*hot spots." 

Further analyses should address areas such as the 

Central Luzon plains, which experience sporadic, 

large-scale outbreaks with potential for highly 

damaging effects. 
Only a small set of variables were involved in the 

analyses. They represented historical intormation 

collected by plant protection services. This informa

tion was processed in away that was suitable for its 

precision and the aim of the analysis. Whether this 

approach could be followed to iipterpret a range of 
If so. the vari-RTD outbreaks remains to be seen. 

ables and the combination of classes that would be 

as.iociated with definite changes in disease levels 

could be considered as candidate components of a 

management .ysiem. 

QUANTIFYIN(C RTCt-WEEt) INTERACTIONS 

Although models have been developed to quantify 

the effects of weeds on crops, they seldom have been 

used to assess the impact of weeds on rice. Ecophysi

ological simulation models for crop-weed competi
tion integrate knowledge and help researchers obtain 

quantitative insights into the effects of weeds on 

crops in response to the environment. The insights 

gained can be used to improve crop management. 

Simple regression models may help predict yield 

loss caused by weeds shortly after crop emergence, 

and thus facilitate decisionmaking in weed manage

ment. 
Many empirical models have been developed to 

describe the responses of crop yield to one or more 

parameters that may characterize weed infestation. 

The most important parameters appear to be weed 

density and the time of weed emergence during the 

crop cycle. Precise prediction ofyield loss should be 

based on both factors because they determine the 

competitive relations between crop and weeds. Most 

existing models are based only on weed density and 

therefore do not predict yield losses accurately. 

Also, weeds often emerge in successive flushe:;, 

making it impossible to use adescriptive model that 

accounts for the effect of the relative time of weed 

emergence. 



---------

A new, simple empirical model for early predic-
lion of crop losses by weed competition was devel-
oped in 1991. This model relates yield loss to relative 
leaf area of weeds (expressed as leaf area of weeds/ 
leaf area of crop + weeds) shortly after crop trmer-
gence using the "relative damage coefficient" q and 
the maximum yield loss at high weed infestations in 
as model parameters: 

YL = Lu' 
q 

I+ -I Lis 


where YL = yield loss, and Lit, = relative leaf area of 
weeds. This relative leaf cover-yield loss model 
accounts for the effect of weed densities, different 
flushes of weeds, and the period between crop and 
weed emergence. 

The model was evaluated using data of several 
weed specie,; in rice, sugarbeets, and tomatoes. In 
rice. the effect of' the weed species Mmocho'ia 
vaginalis and Echincihloa crus-galli was studied. 
The crop was grown with different densities of the 
weeds (0. 20, 40, 60, or 80 plants per m2). For all 
weed densities, preemerged weeds were sown 5 or 
22 d after transplanting of rice. 

Early emerging weeds reduced crop yield by 21% 
(A. vaginali.v) to 26% (E. crus-galli) at the highest
weed densities. Late emerging weeds did not signifi
cantly reduce crop yield, indicating that weed den-
sity alone is not an effective measure of weed infes-
tation forprediction purposes. The model forrelative 
leaf area, however, described thiL. data sets for both 
weed species well, indicating that it accounts for 
both the effect of' weeJ density and die period be
tween crop and weed emergence (Fig. 32). The 
relative damage coefficient q was about 5 for both 
species, but the maximum yield loss was only 
17% for M. vaginalis and 38% for E. cri's-g,li. 
This can be explained by the difference in plant 
height between the species: rice was able to overtop 
M. vaginalis but not E. cris-galli. 

Conclusions and next steps. The simple model 
also accurately described data en weed effects on 
sugarbeets (Netherlands) and tomatoes (transplanted 
and direct seeded, Canada). Thus, the model may be 
a useful tool for early decisionmaking in weed 
management. In 1992, experiments will be con
ducted in direct seeded rice. where weeds are more 
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0.4 a 
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32. The relation between final rice yield loss and relative leaf area 
of the weeds E. 'rus-.'alliand M. vaginalis,measured 22 d after 
transplanting. 

harmfu, than in transplanted rice. Special attention 
will be paid to practical methods to determine rela
tive leafcover and to relate it to relative leaf area. In 
addition, an ecophysiological model for crop weed 
interactions will be parameterized for rice-weed 
competition. Specific field experiments will be 
conducted for this purpose. Such models can help to 
improve our insight into crop-weed interactions and 
to identify breeding goals and crop management 
options that favor the crop in competition with the 
weeds. 
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LEAF BLAST-LEAFFOLDER INTERACTION IN 	 The total damaged area was determined as the sum of 
diseased leaf area and consumed leaf area.LOWLAND RICE 

The diseased leaf area indicated anThis activity investigated the interacting effects of Conclusion. 

Pyricularia grisea and leaffolder (LF) antagonistic effect of LF consumption on BI devel
opment in the 20 and 40 DAS trials. The diseased leafCnaphalocrocis medinalis onl the individual and 

combined development of leaf BI and LF in the area in the LF-BI treatment was significantly lower 

greenhouse. Between August 1990 and March 1991 than in the single BI treatment in the 20 DAS trial. In 

in the IRRI glasshouse, pregerminated IR72 seeds the 40 DAS trial, the LF-BI treatment produced the 

were directly sown in plastic trays in lowland condi- significantly lowest diseased leaf area among all 

tions and 200 kg N/ha was split-applied, treatments. When BI was inoculated 7 d after LF 

Single and combination treatments of leaf BI infestation, BI development was inhibited in both 20 

inoculation and LF infestation were applied at 20 to and 40 DAS trials (Fig. 33). 

40 d after sowing (DAS) using a randomized com- An antagonistic effect between BI and LF was 

plete block design with three replications. The treat- observed for consumed leaf area in the 20 DAS trial. 

ments consisted of an uninoculated check, single leaf Treatments LF-BI and BI-LF (24 h) showed signifi-

BI inoculation, single LF infestation. LF infestation cantly lower consumed leaf areas than the single LF 

7 dafter BI inoculation (BI-LF), BI inoculation after infestation treatment at 34, 41, and 48 DAS. In the 

40 DAS trial, however, treatment BI-LF producedLF infestation (L-BI), and LF infestation within 
24 h after BI inoculation (BI-LF [24 h]). a significantly higher consumed leaf area than the 

For BI inoculation, an inoculum suspension of single LF infestation treatment at 54, 61, and 68 

P. grisea isolate P06-6 containing 100,000 spores/ DAS. This implies that when LF infestation occurs 

ml was sprayed onto the plants through an atomizer 7 d after BI inoculation, BI development has a syn

attached to a vacuum pump. Inoculation was con- ergistic effect on LF consumption in the 40 DAS 

ducted inside a wooden inoculation chamber lined treatment (Fig. 34). 

with wet jute sacks and covered with plastic sheets. The total damaged area in the 20 DAS trial 

To infest each plant with LF, two second-instar showed a less than additive interaction between BI 

and LF. The total damaged areas in the combinationlarvae were introduced onto the youngest leaf using 
a wet fine caniel's hairbrush. Each seedling was then treatments were significantly lower than in the sum 

enclosed in a mylar cage topped with nylon mesh. of all single diseased leaf area in the single BI 

After treatment, four consecutive weekly sam- inoculation treatment and consumed leaf area in the 

plings were conducted for disease and insect feeding single LF infestation treatment (Fig. 35). 

Diseased leaf area and consumed leaf In the 40 DAS trial, no significant differencesassessment. 

area were traced on clear acetate plastic sheets, wereobservedforthetotaldamagedareasamongthe
 

which were run through the LI-3000 leaf areai meter. combination treatments of BI-LF and BI-LF (24 h),
 

Diseased leaf area (%)
 
20 DAS 0 BI only 40 DAS 0 BI only
 

LF-BI 
61 	 1 FB0B-LF (24 h) 0 81-LF (24 h) 

6 

4 

2

0
20 27 34 41 48 55 40 47 54 61 68 75 

Days after sowing (DAS) 

33. Diseased leaf area in IR72 with Ireatnents at 20 and 40 DAS. 
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34. Consumed leaf area in IR72 with treatments al 20 and 40 DAS. 
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35. Total damnaged area in IR72 with treatnents at 20 and 40 DAS. 

and the summed single BI and LF treatments. In 
addition, the LF-BI treatment produced a signifi-
cntly lower total damaged area than the other 
combination treatmets and added single BI and LF 
treatments. This implies an antagonistic interaction 
of LF and BI in the treatment with BI inoculation at 
7 d after LF infestation (Fig. 35). 

Pest-yield interactions 

COUPING PEST DAMAGE EFFECTS TO A RICE 
MODEL 
A generic pest module was developed for use in 
coupling pest effects to the crop simulation models 
of the Decision Support System for Agrotechnology 
Transfer (DSSAT) developed by the International 
BenchmarkSitesNetworkforAgrotechnologyTrans-
fer (IBSNAT). As part of agricultural decision sup-
port sy,'tems, the goal ofour work was to incorporatc 

relevant pest information into crop models in a way 
that allows the models to simulate the performance 
ofcrops underdifferent regimes ofclimate, soil type, 
cultural practices, etc., and under given pest situ
ations. 

The pest module was developed and tested, using 
the CERES-rice model (Fig. 36). It was used for 
introducing the effects of given infestation levels of 
different pests into the model via physiological
coupling points (CP. Fig. 36) that link pest damage 
to corresponding rate and state variables of the crop 
model. 

The approach is strictly mechanistic and allows 
simulations of multiple pest damage effccts on a 
daily basis. The crop physiological processes and 
variables that can be affected in the coupled model 
include plant leaf area (CPIA), biomass (CPIA-
CPI D), intercepted light (CP2 and CP8), photosyn
thesis (CP3), amount i.id translocation of assimi
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36. Relational diagram of CERES-rice with pest coupling points (CP). 

lates (CP4 and CP6), respiration (CP5), growth of progrcss curve asymptote of the pests. Pest progress 
different plant organs (CP7A-CP7D), water uptake was assumed to follow a unimodal curve for leaf BI 
(CPI0), transpiration (CPI 1), and leaf senescence and a sigmoid curve for ShB, defoliation, and weed 
(CP9). infestation. The coupling points used for simulating 

The pest module currently consists of two main the damage effects were CP2 and CP3 for leaf BI; 
components: submodule I, which creates, edits, and CP2, CP6, and CPIO for ShB; CPIA for weed 
retrieves pest input data; and submodule 2, which infestation; and CP8 for defoliation. 
handles the computation of pest damage effects. Simulation of single-pest ;cenarios resulted in 

Sensitivity analysis was performed on the pest- response surfaces that indicate nonlinearly increas
coupled CERES-rice model. To compare the relative ing yield losses with increasing pest intensities and 
importance of different damage mechanisms for decreasing onset times (Fig. 38). 
crop growth and yield, 50% pest stress was intro- Some multiple-pest scenarios were alsoexplored. 
duced into the crop simulation throughout the grow- Simulation results usually showed that the combined 
ing season via different coupling points. Leafsenes- effects of multiple pests on yield loss were less than 
cence rate was by far the most influential coupling the added effects of each pest alone (Table 57). 
point, resulting in a completedestruction of the crop. Data from three field experiments are currently 
Other coupling points varied in their relative impor- being analyzed to calibrate and validate our pest
tance for crop development (Fig. 37). crop coupling approach for multiple pest scenarios 

Infestation scenarios were created for leaf BI, involving leaf, collar, and panicle BI; ShB; BB; and 
ShB, defoliation, and weed infestation by varying insect pest damage. 
the onset time and the maximum intensity level or 
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Leaf area index (m2/m2) Table 57. Simulated yield loss due tocombined infesta
5 tions of leaf blast (BI), sheath blight (ShB), defoliators, 

-and weeds in rice., 

4 05.6 Yield loss (%) 

X leaf blastb % 
ax Am 

weeds defoliation 0 10 
2-, 
 X sheath blight (%) 

1 0 30 0 30 

f 0 0 18.7 30.6 44.1 
0 ~ 70 

40 11.6 27.1 43.3 53.4 
Accumulated biomass (gdry weight/m 2) 

0 0 41.6 51.2 62.0 69.1 
1500 0 = no pest stress 4 2.4 4 

1= CP1A- 6 40 45.8 54.3 65.7 71.7 
2 =CP2-6/,."
 

1200 3 = CP7A/

4 'Additional inputs: leaf BIonset time = 20 days after seeding7ACP7 (DAS), unimodal progress curve. ShB onset time 50 DAS. 

8CP7B8 sigmoid progress curve. Defoliation onset time = 40 DAS,900 5 = CP7C / - 8 sigmoid progress curve. Weed onset time = 10 DAS, sigmoid
" 
6 CP7D 3 progress curve.'Frunimodal pest progress curves,X..0 fers 

600 7 CP9 ,,, . s- to the peak of the curve; for sigmoid pest progress curves, X,,. 
8=CP10 , ,a' . 2 refers to the asymptote of the curve. 

300" ,- -
300--.- CERES models of DSSAT, thus becoming an inte

7 J gratedpart ofapowerful instrument foragrtechnol0 20 40 60 80 100 120 ogy transfer.
 
Days after seeding
 

37. Simulated progress of leafarea index and hormass production Subprogram V: Plant, soil, water,
 
it5t% pest stress is imposed on different coupling points (CP)
 
during the growing season. For an explanation of the CPs. see and nutrient processes

Figure 36.
 

In this project, quantitative theory is applied to 
Conclusions and next steps. Sensitivity analy- obtain an understanding of the fate of materials 

sis showed the potential of the approach for investi- added to the soil and of how the rice root system 
gating crop performance and total yield loss in rela- obtains nutrients from the soil. This understanding is 
tion to the population dynamics of various pests. The needed to improve agronomic management prac
pest module can also be used to pinpoint the relative tices and develop nutrient-efficient germplasm. 
importance of damage mechanisms and to identify 
gaps in the quantitative knowledge of pest effects. Soil and fertilizer nutrient dynamics 

Once calibrated and validated with field data, the 
pest module can be used to explore multiple pest MODEL OF THE FATE OF N FERTILIZER 
scenarios with regard to crop performance and to A reliable, deterministic model of the fate of fertil
adjust crop simulations for multiple pest effects at izer N in ricefields is vital to further advances in N 
the physiological level. Simulation studies might fertilizer efficiency and for understanding yield 
also result in the extraction of simple, yet robust key decline. We have developed a model that can predict 
information on pest-loss relationships that can be the effects of soil, environmental, and agronomic
applied without using computers. All this in turn will management variables on N fertilizer movement in 
help researchers to develop and improve decision flooded soil and its simultaneous reaction with the 
tools for on-farm pest-crop management. soil and loss by volatilization and leaching. The 

The CERES-rice pest module is generic and model accounts for the following processes: 
mechanistic and can be incorporated into the other 
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38. Simulated yield loss resulting trom pest scen-Jios for leat blast, sheath light, defalliation, and weeds. 

" 	 urea hydrolysis and movement in the soil and 
floodwater: 

" 	 the formiation of ammoniacal species in urea 
hydrolysisand organic-N mineralization, and their 
movement and volatilization; 

" 	 the formation and consumption of carbonate 
species in urea hydrolysis, organic-C mineraliza-
tion, and floodwateralgal activity, and theirmove-
ment and volatilization; and 

* 	 theforniationandconsumptionofacidsandbases 
in urea hydrolysis, organic-C mineralization, 
floodwater algal activity, and NH and CO, vola-
tilization; and the consequences of the resultant 
pH changes for other processes. 
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The simultaneous transfers ofNH3 and CO, across 
the floodwater-atmosphere interface are described 
using a two-film layer model of the floodwater-air 
interface (IRRI Program report for 1990). 

Figure 39 show. how the predicted NH loss 
changes as the model parameter values are changed 
about realistic average values. Variatio in the urea 
hydrolysis rate constant significantly affects NH 3 
loss. Increases in the soil ammonium adsorption 
capacity and downward water flux moderately de
crease NH, loss, but variation in other parameters 
has no dramatic effects. With faster urea hydrolysis, 
most of the urea is hydrolyzed at the soil-floodwater 
interface before it can move far into the soil. This 

K "/ j 



N loss (%) N loss (kg/ha) 

85 - 
2Ureahydrolysis 30 per h)C-mineralization (M t/dm - . 

5rateconstant 

75-
Ammonium adsorption 20 

65. coeficient 

6. 

0-


1 10-5
 

.,/- .
UreaN - - - - 9x10-5 

55 . 
C - mineralization rate _ _ __0 

/

45 -

water flux________________________________________________Downward Floodwater pH, 0600 h 

Floodwater depth 9.2 

35- lJ jjtlL_ I I 
0.1 1 10 8.8 - s-

Relative parameter value 

39. Sensitivity of N loss to the model input parameters. The
 
standard parameter values (relative Value = I )are urea N added = 8.4 - 
4.0 x 10 ri 2.- xdmol/oreahydrolysiso. rate constant 10eVs.
 
. 0 iadsrption coeficie nt = .4lirtl/kg, C-nii er 2izat1in /
10nium h 

rate - 8.3 x 10 " nol/din' per s. floodwater dc pth = 0.4 din. - 
downward water flux= 1.0x It) dni/s. 8.0 I i 

0 2 4 6 8 10 

Days after urea application
results in higher floodwater pH and N concentra-

tions, and thus higher NH,volatilization. A greater 40. Effect ofCO, production through C-mineralization on N loss
 

- and floodwater pH. Standard parameter values as in Figure 39.soil ammonium adsorption capacity leads to a lower 
soil solution concentrationi of amtnoniacal-N and a
 
decreased replenishment of floodwater N from the application with deep floodwater is better.
 
soil. Similarly, a greater downward water flux re- Further work is being done to incorporate plant
 
suits in decrea,:ed floodwater N concentrations and uptake of N in the model. This will enable us to study
 
hence decreased NH, loss because urea and ammo- the effects of root growth patterns on N use effi
niacal-N are carried deeper into the soil. ciency of different varieties under transplanted and
 

Figure 40 shows th e direct seeded conditions.
effects of the rate of CO, 
production inthe soil on NH, loss. The higher the 
rate of CO,production in the soil, the higher is the ROOT TRAITS GOVERNING RIIIZOSPItERE 
loss of CO, from the floodwater, which tends to CONDITIONS 
increase the floodwater pli. The result is higher NH3 Rice roots growing in flooded soil must supply 0, to 
loss. Thus, the proposal that increasing CO, produc- respiring tissues and exhaust respired CO,. This 
tion in the soil may be , means of decreasing NH3 must be done internally because gas tran port through 
loss is invalid, flooded soil is very slow. The root structure required 

Higher floodwater algal activity during the (lay for this ventilation influences the root's ability to 
results in a higher peak pH, but at night it results in absorb nutrient ions from the soil at its surfaces. Gas 
more CO., being respired, causing a decrease in pH transfer between the root and soil markedly alters 
(Fig. 41). Thus, greater midday NH3 losses with conditions in the narrow zone of soil that is root
higher algal activity are offset by lower losses at influenced, with corresponding changes in nutrient 
night. availability. 

'['able 58 shows that when urease activity is high, The root-influenced zone extends just a millime
incorporationofureainshallowfloodwaterisadvis- ter or so into the soil, but existing experimental 
able, but when urease activity is low, broadcast methods cannot analyze the soil with resolutions 
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41. Effect of floodwater algal activity on N loss and floodwater 
pH. Standard parameter values as in Figure 39. 

Table 58. Predicted amounts of ammonia volatilized in 
10 d following urea application at 56 kg N/ha with N 
mineralization at 1.3 kg N/ha per d. 

Ammonia 
volatilized 

Method Floodwater (kg N/ha) at 
of urea depth urea hydrolysis
application (cm) rate constant of 

-
.03 h .08 h .4 h 

Broadcast on 2 22.2 34.3 46.9 
floodwater 4 19.7 32.8 48.6 

10 16.9 30.2 51.3 
Incorporated in 2 15.9 22.6 28.7 
standing floodwater 4 15.9 24.6 34.2 

10 15.8 26.2 42.5 
Incorporated without 2 12.7 16.5 18.9 
standing floodwater 4 11.9 16.1 19.0 

10 11.8 15.9 19.7 

much finer than a millimeter. Because of this experi
mental difficulty and because the system involves 
the simultaneous operation of a series of complex, 
linked processes, simulation models are invaluable 

in studying the system. 
We developed amodel to examine how nutrient 

uptake by rice roots growing in flooded soil is 
influenced by the ability of the roots to ventilate 
themselves, the root structure needed for this venti
lation, and the associated root-induced changes in 

the rhizosphere. The model predicts the axial diffu
sion of 0, from the atnosphere through the growing 
root, 0, consumption in respiration, and radial loss 

to the soil where it reacts with mobile ferrous iron, 
and the generation and removal of root and soil CO,. 

The model allows for the variations in root parame
ters with root length and time, and for parameters 
controlling the transport and reaction of 0,,CO,,and 
Fe in the soil. The root parameters are root radius, 
cortical porosity, tisue respiration rates, and root 
wall permeability; the soil parameters are the initial 
Fe' content, Fe2+ sorption coefficients, Fe2 + oxida
tion and reduction rate constants, pH, pH buffer 
power, CO,pressure, and bulk density. 

Figure 42 shows predicted profiles of O,and CO, 
in the root cortex and the corresponding reactant 

profiles in the adjacent soil. For the 
chosen conditions, which represent the upper range 
of soil 0, consumption rates, the maximum length of 
root that can be aerated is 21 cm (Fig. 42b); this is in 
the range predicted by other models of gas transport 
through roots. The model show.'s that substantial 

amounts of Fe are transferred toward the ioot sur
face, resulting in a well-defined zone of ferric hy
droxide accumulation; the extent ofFe accumulation 
changes along the root length and with time.A zone
 

of Fe' depletion arises where oxidation is intense, 

but is rapidly filled when the 0, supply decreases. 
Re-reduction of Fe(lll) is slow compared with oxi
dation, although the chosen reduction rate is the 
highest likely. CO,islost from the root to the soil 

near the root tip, but taken up by the root near the 
base; the resultant CO,concentration profiles in the 

soil are small. 
We also developed a more detailed (but com

p 
puter-time intensive) model that allows for the pH 
changes in the rhizosphere resulting from I) Fe2 

oxidation, 2) CO,uptake or release, and 3) excess 

uptake of cations over anions, and (he consequences 
of the pH changes for reactant mobility. Figure 43 
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42. Predicted concentration profiles in the root c, flex and in the arljaccnt soil after a) 10 and b) 19 d of growth. Cortex concentrations-ire in mtnol/di.'; soil concentrations are in mol/dni1 (solution) x 10' for 0, mmol/dm' (solution) for CO, and mol/dm' (soil) x 102 for 
Fe~l) and FefIll). Rout parameter values are as follows: for z (di.ce from the tip) = 0-2 cm: porosity = 0.075, wall permeability
10-2 (fm/s. water influx = 10 ' dm/s; for z = 5 cm to root base: porosity = 0.75, wall permeability = 10' di/s water influx = 105'dm/
for z= 2-5 cm: porosity and water influx vary linearly, wall permeability varies logarithmically; the respiration rate at z = 0 cm is 0-

tool/di' (root tissue) per s,and it decreases as z2 to aminimum of 3 x 10-' mol/dm' (root tissue) per sat z= 10 cm; radius of stele = 0.25 
ram, inner wall = 0.47 mm. outer wall = 0.5 rm; rooting density " 105 dm-'; initial root length = 2cm; root longation rate = I cm/d. Soil 

parameter values are a (Fe2 -sorption parameter) = 1.5 mol/kg; n, [parameter for the effect of pH and Fe(OH), precipitation on Fe2* 
sorption) = 30 (dimensionless): Pc,, = 0.5 kPa; initial pH = 6.5; b,;, (pH buffer capacity) = 0.033 m3l/kg per unit pH; k (oxidation rates
constant) = 0.3 dtn'/mol per s; [Fe],, = 0.05 mol/kg; bulk density = 1.0 kg/dm'. 
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shows the predicted reactant profiles in the 

rhizosphere for a particular depth in the soil as a root 

grows through it. The soil is exposed to a declining 

0, concentration. A striking result is the very large 

drop in pH. Fe 2 oxidationcan causeapH dropof this 

magnitude for a wide range of soil conditions (1989 
Program report). The acidification declines as the 0, 

concentration decline:-, but remains substantial. A 
further striking result is the large total accumu~lation 

of Fe near the root. Fe accumulation continues after 

oxidation declines as Fe" diffuses into the zone 

where it has been depleted. 
These findings are in agreement with experi

nients in which profiles of pH and concentrations of 

reduced and oxidized Fe were measured near a 
planar layer of -ice roots sandwiched between two 

blocks of reduced soil (Program report for 1990). 
Conclusion. The models demonstrate Jhat the 

soil as "seen" by the rice root is entirely different 
from the bulk soil, although we normally measure 
properties of the latter. The models provide a means 

of assessing quantitatively howroot andsoil charac
teristics influence nutrient uptake in this highly corn
plex system. In addition to the changes in soil condi

tions with distance from the root surface, the models 

show large differences along the root length. We 

need to know how the nutrient uptake capacity of the 

root varies along the root length-averages over the 

whole root system will not suffice-and how this 

changes as the root ages. Coupled to this, we need a 

better description of the root system: the rate at 

which new roots are formed and grow, their dimen

sions and geometry. 

EFFECT O: RIIIZOSPEERE CONDITIONS ON N 
UPTAKE 

The ability of the !owland rice soil-root system to 

meet the plar.t's N requirements depends on I) the 

ability of the roots to absorb N from the soil solution 

at their surfaces, and 2) the rate N is delivered to the 

absorbing root surfaces by diffusion across azone of 

depletion in the soil. As depletion proceeds, the 
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0.14 
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43. Reactant profiles in the rhizosphere. The root parameter values change with time as in Figure 42 for a fixed 

distance from the root base; 10,1 in cortex is half the atmospheric partiai pressure. Soil parameter values are as in 

Figure 42 with pH buffer power = 0.05 mol/kg per pH unit, and H"flux from the root = 3 x I - mol/dm- per s, 

declining 10-fold as wall permeability declines. 

Fe2
, concn. insoil solid 
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delivery rate becomes increasingly dominant. N is lents of cations on the solid (i.e., acidity is considered 
present in the soil solution chiefly as NH4+ ions and nonexchangeable). The rate of NH 4' uptake by unit 
their concentration is subject to the same controls as length of root is found by assigning each root a 
other exchangeable cations: i!tends to be high if the cylindrical zone of exploitation and calculating the 
concentration of anions in solution is high-in ac- rate of NH4+ diffusion across the cylinder. 
cordance with electroneutrality-b~tt is modified by Figure 44 gives an example of the model's -redic
the concentrations 6* other exchangeable cations, tions for a realistic set of parameter values. It shows 
particularly the divalent ones. Thus as anion concen- that rhizosphere oxidation may greatly reduce N 
trations decrease, NH 4' diffusion through the soil uptake-particularly at low concentrations ofanions 
tends to decrease. In most flooded soils, HCO, is the in the soil-and is thus crucial in the N nutrition of 
dominant anion at pHs above about 5.5. However, in the plant. In addition, acidification due to oxidation 
a rhizosphere acidified by Fe-'* oxidation, HCO; may reduce the rates of microbially mediated proc
concentralions will be low. Modifying factors are the esses affecting the N supply, such as mineralization 
concentration of Fe -' (if it is high then mlost of the of organic N. 
NH, will he excluded from the exchange complex
 
and hence maintained in solution) and the effect of EFFI-CT 0 ,H AND REDOX CONDITIONS ON
 
acidity on cation Sorptiolt. SILICA SORPTION BY SOIL.
 

We developed a model to investigate the effects of Silica has been reported to benefit rice growth. From 
Fe2' oxidation in the rhizosphcre on the mobility the agronomic point ofview, it may be considered an 
and uptake of NH 4 .In the model,cation exchange is essential nutrient. Soils with low clay contents are 
governed by clectroneutrality in the soil solution and likely to be deficient in s;ilica. The chemistry of silica 
solid and by the following relations: in flooded soils is not well understood. 

We conducted laboratory experiments to study 

(MI)1 + (NH )_ (MIUs + (NH 4)1 the effects of pH and redox conditions on silica 
- =K4 

"t(M2)l +(Fe) 1 /2 j(M2) s + (Fe)s 2 Fraction of NH 4 taken up 
1.0 

(M I)l (M 1)s 
-K, - ,and 0.8 

(NH4)L (NH 4)S 25mM 

(M 2)L (M2)s
-
 3
(Fe),. 

"= K 
(Fe), 0.4 - 10 

where 0.2 -
MI represents monovalent cations other than 

NH,+ (e.g., K+,Na'); 
M2 represents divalent cations other than Fe -' 0I i . 

(e.g., Ca2', Mg'); 0 0.2 0.4 0.6 0.8 1.0 

subscripts L and S refer to the soil solution and Fraction of Fe oxidizod 
solid, respectively; and 44. Effect of Fe in the rhizosphere on the fraction of

2'oxid:,;,.,i 

K., K,, and K3are coefficients. soil NH,' taken up by u ...- t length in It0d.Numbers on curves 
For each mole of Fe 2' oxidized, 2 moles of H' are areconcentrations of noncarbonate anions in solution. Other 

parameter values: rooting density = 500 din/din = m ', root radius
produced, and these react with HCO 3 and the soil i ' ,0.(01 din, soil bulk density = I kg/dm pl-= 6.2, CO, pressure = 
solid. The increase in acidity causes 1)a proportion- 0.1 attn,pH buffer power = i).05 mnol/kg per pH unit. monovalentdecrease in pH (proportionality constant = pH cations = 0.025 mol/kg. divalent cations = 0.125 mol/kg. NH 4 =' a.(X)2 mol/kg Fe2' = 0.05 molikg.and cation exchange coefficients 
bufferpower) and 2) an equal decrease in the equiva- K, K,,and K, = 1.0, 0.5, and 1.0, respectively. 
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sorption by Philippine soils Maahas and Luisiana molecule, and the interaction of H4SiO 4 molecules 

and Korean soils Yongji and Mangyeong. Their with soil surfaces increases as the net surface nega

relevant properties are given in Table 59. Upon 

anaerobic incubation, the soils attained steady-state 
oHs of 6.5-7 and the following Ehs: 0mV in Maahas, 
-100 mV in Luisiana, and -180 mV in Yongji and 
Mangyeong soils. Anaerobic incubation also in-
creased available SiO,, exchangeable Fe, and ox-

alate-exiractable Fe in all the soils. Aerobic incuba-
tion did not alter the chemical propertie.i of the soils. 

All the soils showed predominantly negative 
surface charge and little poitive surface charge 
underbothaerobicandanaerobicconditions, andthe 
increases in negative surface charge with pH were 

similar under aerobic and anaeobic conditions (Fig. 
45). Points of zerocharge were slightly higher in the 
anaerobically incubated soils. 

We investigated the effect on silica sorptfon of 
four pH levels (5, 6, 7, and 8) under steady-state 
oxidized and reduced conditions (Fig. 46). Silica 

sorption was significantly affected by soil type and 

pH, but not by redox conditions. The increases in 
sorptionwith pH paralleled the increases in strface 

negative charge (Fig. 45). This is because, at pHs 
below the pK ofsilicic acid (= 9.6),the form of silica 
in solution is predominantly the uncharged H.,SiO 4 

Surface charge (meq/1 00 g) 
50 
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12-6
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0 " "C:1 vais 
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pH 

tive charge increases. 
The sorption data for each soil, pH, aitd redox 

condition were reasonably well described by linear
linear (C-type isotherm), log-linear (Tempkin iso
therm), and log-log (Freundlich isotheim) equations 
(r2 > 0.95), and, on the grounds of simplicity, we 
propose the slope of the C-type isotherm as a meas
ure of a soil silica-sorbing power. Fe and Al ex
tracted by various reagents and organic matter were 

sfignificantly correlated with silica sorption as meas
ured by the C-type isotherm slopes (Table 60). 
Dithionite-extractable Fe (Fed)had the highest cor
relation with silica sorption. 

A consequence of the sorption-pH-redox rela
tionship is that acidification of the rhizosphere due to 

Table 59. Properties of soils used in experiments on 
silica sorption. 

Property Luisiana Maahas Yongil Mangyeong 

CEC (meq/lO0 g) 21.1 

pH (1:2) 4.5 
Organic C %) 2.66 

Clay content (%) 73 

80 

6844.3 269.78 107.15 

6.6 4.9 5.6 
1.53 1.43 0.65 
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45. Surface charge characteristics of soils used inexperiments on silicasorption. Na*and C[" 
indicate negative and po itivecharges, respectively. 
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46. Effect of pH and redox conditions on silica sorption. Ox = oxidized, Red = reduced. 
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Fe2 oxidation will tend to increase the concentration 
of silica in solution and hence increase silica availa
bility. 

We will continue to study the following: 
" 	 mineralization, adsorption-desorption and move-

ment of ammonium in flooded soils, and their 
modification by rhizosphere conditions; 

" 	 P dynamics in flooded soils including the effects 
of rhizosphere conditions; 

" 	 rice root morphology and development, their 
relation to gas transport and rhizosphere condi-
tions, and differences due to genotype and envi- 
ronment; and 

" 	 nutrient uptake characteristics of rice roots in-
cluding the effect of aerenchyma development 
and the roles of secondary rootlets and the super-
ficial root mat. 

Subprogram VI: Rice grain and seed 
quality, postharvest and biomass 
issues 

This project has two components-rice grain and 
seed quality, and postharvest and biomass issues. 
The grain and seed quality component aims to 
I) identify seed vigor factors and crack resistance, 
and 2) improve methods fordetermining cooked rice 
texture, aroma, and nutritional value. The posthar-
vest and biomass issues component aims to design 
aiid evaluate 1)engineering developments for har
vestik.-, threshing, cleaning, drying, and milling 
rice, and 2) biomass utilization technology. 

Table60. Correlatie7 coefficients between C-typeslopes 
at 3 pH levels and soil physicochemical properties in 
experiments on silica sorption. 

Correlation coefficients (r) 

Soil property, at 3 pH levels 
6 7 8 

Fe' %)Fe0 (%) 
0.935**0.901"* 0.900*0.802* 0.832*0.737* 

Fe (%) 0.973** 0.948** 0.860** 
Al (%) 
Al.(%) 

0.917* 
0.950** 

0.874** 
0.921** 

0.759* 
0.800* 

OM (%) 0.939** 0.875** 0.805* 
Clay (%) 0.6511' 0.605" 0.6551, 
CEC (meq/100 g)
Eh (mV) 

0.1831,
-0.062"' 

0.159",
0.001W 

0.292",
0.003"' 

'Subscripts p,o,and ddenote pyrophosphate extractable, acid 
oxalate extractable, and dithionite-citrate extractable, respec
tively. 
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Rice grain and seed quality 

SUSCEPTIBILITY TO CRACKING DURING 

MOISTURE ADSORPTION 
The 12% moisture content of oven-dried grain is 
below the critical moisture content (CMC) of rough 
rice (13-16%). Thus, head rice yields obtained from 
crack resistance screening (3 h in 30 'C watei were 
lower (1-34%) than those from harvested grains that 
were shade-dried to 14% moisture (10-62%). Head 
rice stress was 33-34% for IR60 compared with I
24% for the other IR cultivars. IRRI elite lines had I

36% head rice stress, with the stress highest (32
36%) for IR5 1672-37-3-5-2-2 in the 1990 WS. 

Grains of increasing moisture content (13-18%) 
were obtained by exposing oven-dried rough rice to 
humid air at 0.5 atm to prevent cracking while 
adsorbing moisture. They were used to determine 

CMC during water adsorption. CP-SLO 1i showed 
CMC at 13% moisture. CMC was 15-17% for seven 

IR cultivars; differences during adsorption were not 
significant, but were significant during moisture 
desorption. Thus, shade-drieo (14% moisture) or 
oven-dried(12%moisture)samplesofelitelinescan 
be screened effectively for crack resistance. Head 
rice yields are lower in the oven-dried samples with 
moisture content below CMC. Varietal differences 
were not related simply to endosperm starch proper
ties. 

GRAIN QUALITY OF WILD RICE PARENTS 
Fourteen brown rice varieties representing 11 Oyza 
species being used in wide crosses were analyzed for 
grain quality characteristics. Amylose content (AC) 
of brown rice ranged from 16 to 20%, while gelatini
zation temperature (GT) based on alkali spreading 

value was either intermediate or low. Grain weight 

ranged from 3 to 18 mg, and length:width ratio from 
2 to 6. Brown rice protein was 9-13% and lysine 
content was 3.4-4.5 g/16.8 g N. Brown rice with no 
interfering protein bands showed the "absence" of 

glutelin ot., band (indicative of higher molecular 
weight glutelin ot3 band) on SDS-PAGE, suggesting 
an indica-type reaction. The results indicate that 
grain quality in wild rice is typical of cultivated rice, 
Orv:a sativa L. 

LOCATION AND WATER MANAGEMENT AND 
QUALITY 

In a collaborative study with scientists ofYeongnam

Crop Experiment Station (YCES), Milyang, Korea, 



selected japonica and indica/japonica Korean varie-
ties were planted at YCES in 1990 and at IRRI in 
1991 DS. The IRRI crop had lighter, more translu-
cent and whiter grai., lower AC. harder gel consis-
tency(GC),loweralkali spreading value in 1%KOH 
(higher GT), higher protein, lower ash, and higher 
peak pasting viscosity with the rapid VISCO ana-
lyzcr (RVA) than the YCES crop, particularly the 
indica/japonica varieties. Waterdrainage 10,20, and 
30 d after flowering had significant lowering effect 
on grain weight, AC, and GC of some varieties, 
Compared with irrigated culture, upland culture at 
YCEShadlowerACandGCvalues, increased alkali 
spreading value, and decreased amylograph and 
RVA peak pasting viscosity, particularly in indica/ 
japonica varieties, 

RI-SISTANI" STARCH OF RAW AND 
PROCESSED RICE 
Resistant starch is the fraction of dietary amylose 
that is not digested in the small intestine, but is 
fermented by microorganisms in the large intestine, 
partly or wholly into short chain fatty acids that the 
body absorbs. In the small intestine, energy absorp-
tion of' fermented starch is 65% that of glucose. 
Cooperative studies using growing rats at the Na-
tional Institute of Animal Science, Foulum, Tjele, 
Denmark, showed that processing (such as parboil-
ing and noodle extrusion) and, to a lesser extent, 
cooking. increased resistant starch and reduced di-
gestible energy, particularly in varieties with high 
and intermediate AC. This suggests that the energy 
available from cooked parboiled rice in South Asia 
(where energy intake isalready limited) is overesti-

mated by at least 1%compared with cooked nonpar
boiled rice. 


IMPROVED HARDNESS TFST THIROUGHI 
AMYLOPECTIN STALING 
We investigated the role of amylopectin staling in the 
reported texture differences of cooked rice varieties 
with similar AC by measuring Instron hardness of 
cooked rice stored for >4 h at 2-4 'C followed by 
4 h at 42 'C. The method proved useful, particularly 
for low-GT waxy varieties and for low-AC varieties, 
Intermediate- to high-GT varieties showed greater 
increase in hardness when stale than did low-GT va-
rieties, but the intermediate- to high-GT varieties 
softened again more than did the low-GT varieties 
when the stale cooked rice was reheated. However, 

among intermediate- and high-AC varieties, the 
hardness of stale and reheated rice was usually 
higher than that of freshly cooked rice, suggesting 
only partial reversibility. Cooked parboiled IR62 
and IR74, which have high AC, also showed in
creased hardness when stale, but only IR62 (soft GC, 
intermediate GT), which had been parboiled at 100 
'C, resoftened when heated. Thus, varietal differ
ences in amylopectin staling contribute to observed 
differences in cooked rice texture among varieties 
with similar AC. 

PASTING PROPERTIES OF RICE WITH RAPID 
VISCO ANALYZER 
The manufacturer recently added a cooling program 
to the RVA. We compared measurement of rice 
pasting viscosity by RVA and Brabender amylo
graph. 

The RVA unit requires 3 g rice flour/25 ml water 
and 14.5 min total run: 1.5 min homogenization at 
50 'C, 3.75 min heating from 50 to 95 'C at 12 °C/ 
min, 2.5 min at 95 'C, 5.42 min cooling from 95 to 
30'C at 12 °C/min, and 1.3 min at 30'C. In contrast, 
the amylograph uses a 10% paste with a 40- to 50-g 
sample and requires 92 min to run. Shear was higher 
in the RVA than in the arnylograph--even IR8 and 
Taichung Native I showed some breakdown in the 
RVA. Studies on 27 low-AC (15-20%) Korean va
rieties, 12 low-GT waxy varieties, 33 nonwaxy elite 
irrigated lines (20-29% AC). and 10nonwaxy varie
ties (15-29% AC, variable GT) demonstrated that the 
RVA is agood rapid screening technique for pasting 
properties of rice and requires smaller samples and 
less time than the amylograph. 

Postharvest and biomass issues 

STRIPPER-HARVESTING SYSTEMS ENGINEERING 
A fresh approach to rice harvesting systems is 
needed to address three areas: I ) reducing losses
traditional, manual methods of rice harvesting result 
in field grain losses of 1-3%, even under good con
ditions; 2) reducing harvest costs-the major cost is 
labor; and 3) improving timeliness of the harvest 
operation--delays at harvest time are a major prob
lem where harvest labor is scarce, and can cause crop 
loss, quality degradation, and increased turnaround 
time. 

The stripper system. During the past 2 yr, the 
Agricultural Engineering Division has been devel

Cross-ecosystems research 203 



oping small-scale stripper harvesting systems using 
a new approach built around the plastic stripper rotor 
principle forcombine harvesters. The principle origi-
nated at the Silsoe Research Institute, UK. This 
simple but efficient rotor can harvest with lower 
losses than a cutterbar front, even in difficult crop 
conditions. With the stripper system, only a small 
proportion of the straw is gathered, e.g., 20% in good 
crop conditions, compared with 40-60% for hand 
harvesting. IRRI has pioneered the use of small-
scale stripper harvesting systems seeking to meet the 
objectives above, in a range of geographical and 
socioeconomic conditions. 

Our work advances harvest technology, and has 
proceeded along three lines: 
I. The first system is built around a basic machine, 
'lie Stripper Gatherer (SG 600, Fig. 47 and SG 800), 
which was designed to keep weight and cost to a 
minimum. The grain and straw harvested by the 
stripper rotor feed into a removable collection module. 

The harvested material is rethreshed and cleaned 
with easily portable equipment set up beside the 
harvest site. 
2. The second system, the Stripper Thresher (ST 

600) is based around a machine fitted with a re-
thresher(Fig.48). Itproduces uncleaned grain which 

is conveyed to sacks that are off-loaded when full. 
3. The third system, the StripperCombine (SC 1000), 
uses a machine fitted with a rethresher and a "bolt 

Removable collection module 

/ 

on" cleaner module, which will produce clean grain 
on board. 

Table 61 describes the systems. 
Stripper gatherer. Two models of the stripper 

gatherer have been field-tested: a 450-mm machine 
(Program report for 1990) and the 600-mm gathering 
width version (SG 600). In summary, we found 
0 The stripper gatherer is highly effective and port

able. In good crop conditions, losses were less 
than 1% in rice. Many rice varieties and other 
crops have been harvested with the stripper, in
cluding the legume crotalaria. Performance at all 
times has been most promising. The prototypes 
can be lifted into small ricefields by two men. 

U 	In difficult, lodged crop conditions, losses have 
been lower than those from small combinesof the 
head feeding type and from cutterbar-equipped 

Table 61. Specifications of stripper harvester systems 
for small area farming. 

Stripper Stripper Stripper 
gatherer gatherer thresher 

Item SG 600 SG 800 ST 600 
(version 2) (version 3) 

Harvesting width (m) 0.6 0.8 0.6 
Field capacity (ha/d) 0.8 1 1 
Estimated cost (US$) 1000 1200 2500
Weight (kg) 130 150 250 
Estimated labor 7 8 6 

demand (labor-d/ha) 

Drive from 7 hp engine 

Drive to wheel 

47. The stripper gatherer (SG 600) version two. Patent coverage ha'; been initiated. 
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http:thresher(Fig.48


10 hp engine 

,..=. r-Axial flow thresher 

Grain outletStripping 	 rotor 

Grain outlet

-Straw outlet 

Slinger fed by grain auger 

48. The stripper thresher (ST 6(X)) version one. Patent coverage has been initiated. 

combines. Usually losses were less than one-half 
of the losses incurred by manual plus thresher 
harvesting teams. The stripper gatherer can work 
fasterand with less trafficability problems in wet 
fields than self-propelled rice combines. 

* 	 The walk-behind machine is highly maneuver-
able and can work in wet fields. The mono-
starwheel has proven successful on small strip-
pers, maintaining trafficability where even coin-
bines equipped with crawler tracks created dele-
terious ruts in the field. 

* 	 The full-width, mono-starwheel traction system 
lends itself well to "lock-lodging" the straw left 
by the stripper head. Thus, a ratooned crop will 
probably yield more after a stripper than after a 
combine ortraditional hand-harvesting (see straw 
incorporation after stripper harvesting, p. 206). 

* 	 Preliminary cost analysis of the overall stripper-
gatherer system indicates that the capital outlay 
on the SG 800 model would be recouped after 
40 ha have been harvested and that the model 
would be profitable forcontract harvesting 14 ha/ 
season, 

* 	 Thecollection module is asatisfactory system for 
low-cost harvesting. The collected material is 
hand-carried or skidded in the module to the side 
of the field where the rethresher or cleaning gang 
prepares the rice for transport. Effective overall 
work rate was 8.8 labor-d/ha, compared with ap

proximately 25 labor-d/ha for traditional harvest
ing in conjunction with a contractor-operated 
axial-flow thresher. 

U 	The standing straw left by the stripper is greater in 
volume but not significantly more difficult to in
corporate than stubble left by hand-reaping. 

0 	 The SG 600 has attracted positive interest from 
Sri Lanka. A Sri Lankan engineer has spent a 
month at IRRI learning the technology, so he can 
reproduce [he machine in his country. 
The stri )perthresher.This self-propelling, walk

behind system produces uncleaned grain, which is 
bagged on board the machine. Grain losses are very 
low, as with the stripper gatherer. Field capacity was 
6 labor-d/ha. 

Need for a stripper combine harvester. Results 
of the IRRI approach to stripper harvesting have so 
tar generated strong interest from Thailand, Indone
sia, Sri Lanka, China as well as the Philippines. The 
systems are expected to meet needs in labor-scarce 
areas, such as the central plains of Thailand, where 
about 500 units of a 3-m-wide combine harvester 
have been sold since the first cumbersome design 
was tested in 1987. The first two stripper systems 
currently under development at IRRI meet a need for 
labor-saving harvest technology where field size is 
small and access may be difficult, but these systems 
are too small for large fields where access is easy. 
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Combine harvesters currently available in Asia 

are heavy, complex, and, a:; a result, expensive to 

purchase and maintain. Our experience with stripper 

harvesting shows that significant savings in weight, 

complexity, and cost are possible with a stripper 

combine harvester because of the simplicity of' the 

stripper rotor system and the small amount of straw 

harvested with the grain. When less straw is har-

vested, rethreshing and cleaning can be carried out 

by smaller, lighter, and less powerful equipment. 

The research and development challenge is to take 

full advantage ofthe savings possible while ensuring 

performance in a lodged crop, when more straw is 

harvested, 
A I -i stripper combine Model SC 1000 has been 

designed but not yet assembled. Thai and Chinese 

engineers and other national program staff are hop-

ing IRRI will develop this design to meet their 

country's needs. 
Straw incorporation after stripperharvesting, 

The rapid progress with the IRRI prototype stripper 

harvester systems has raised a new question: how 

does a farmer manage whole, standing straw left 

after stripping? A pilot experiment was run in May 

1991 to compare the time taken and quality of land 

preparation of two stripper-harvested plots (6 t of 

whole, attached straw incorporated per ha) with two 

manually reaped plots (3 t of straw incorporated per 

ha). A traditional land preparation sequence of' 

moldboard plowing with a PT5 hand tractor, fol-

lowed by two comb harrowings and final leveling, 

was chosen as the sequence likely to be most sensi-

tive to levels of straw incorporation. 
Results from the pilot experiment are as follows: 

* The degree of soil inversion and straw incorpora-

tion was less in the stripped straw treatment. 

Stripped straw lying against the direction ofplow-

ing did interfere with the moldboard's usual ac-

tion of inverting soil and placing it in the furrow 

left on the previous pass. Stripped straw lying in 

the direction of plowing, however, did not affect 

soil flow from the moldboard. 
* The time taken, ease, and quality of subsequent 

harrowing operations did not differ much despite 

somewhat less soil inversion after plowing the 

stripped straw areas. The total time taken for land 

preparation was 8% greater for the stripper-liar-

vested areas, 
A second experiment checked whether the differ-

ence in land preparation time wits significant. The 
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experiment used a completely randomized design 

with four replications. Level of straw incorporation 

was the single factor at two levels. In the stripped 

plots,4.5 t straw/ha was incorporated compared with 

1.9 t/ha in the reaped plots. The same sequence of 

land preparation operations was used in both plots. 

Land preparation was completed in 2 wk. Grain yield 

will be measured to establish whether the increased 

incorporation of organic natter affected yield. 

During the second experiment, the stripped straw 

did not appear to affect ease and quality of mold

board plowing, the same hand tractor, plow, and 

operator were used. This may have been due to 

increased decomposition of the stripped straw in 

floodwater prior to plowing, and because less stripped 

str-aw was incorporated. 
The total time taken for land preparation was 

9.5% higher for the stripper-harvested areas, al

though this was not found to be significant at the 5% 

confidence level. 
Farmers in the Philippines usually incorporate far 

more organic matter than that contained in the rice 

stubble at harvest time. Weeds proliferate in fal

lowed ricefields, and the rice plants continue to 

grow. An experiment measured the amount of re

growth after harvest. A randomized complete block 

design was used with three treatments and six repli

cations: stripper harvest; reap (high cut), which 

simulates high-cut manual reaping; and reap (low 

cut), which simulates low-cut manual reaping. Fig

tire 49 shows the amount of straw regrowth after 

6 wk (the field was dry for 4 wk and flooded for the 

last 2 wk). The field was harvested on 14 Apr 1991. 

The increase in straw organic matter was substantial. 

The amount of straw in the stripper-harvested plots 

increased an average 1.8 t/ha, from 4.6 to 6.4 t/ha. 

The weight of straw increased in the two other 

treatments by almost the same arnount-1.5 t/ha in 

the reap (high cut) and 1.9 t/ha in the reap (low cut) 

treatments. 
We weighed the organic matter (straw and weeds) 

in two farmers' fields in Bay, Laguna, after the fields 

had been left fallow forabout 2 mo. One field yielded 

3 t organic matter/ha and the other yielded 4.3 t/ha. 

Immature tillers continued to develop during 6 wk 

regrowth, and yielded some panicles with mature, 

filled rice. Figure 50 shows that the stripper-har

vested treatment yielded the greatest amount of 

mature grain (0.64 t/ha). 



Straw yield (kg/m2) 
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49. Effect of harvest method and turnaround time on weight of 
straw dry matter 1o1incorporation. 
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Harvesting method 
50. Effect of harvest method on grain yield 6 wk after harvest. 

Regrowth from manually harvested rice plants is 
sometimes harvested (usually gleaned by the poorest 
members of the community). Stripper harvesting 
would increase this yield potential. More often, 
however, fallow ricefields are used for animal fod-
der. and greater regrowth grain yield would increase 
the nutritive value of the fodder. 

Compared with manual reaping, stripper harvest-
ing results in rotghly double the length and weightof 
straw that may be directly incorporated during land 
preparation. The above experiments indicate that 
this increase does not significantly raise land prepa-
ration time with a moldboard plow and comb har-
row. Straw incorporation may be hastened by tram-
pling the harvested straw and allowing it to partially 
decompose priortoland preparation. Farmers proba-
bly will adopt the direct incorporation of stripped 
straw because, under present conditions, weed and 
straw regrowth increases the amount of organic 
material directly incorporated at land preparation to 

a level approaching the whole straw yield at harvest 
:e-


The greater volume ofstraw favors rice ratooning 
after stripping since there will be more metabolizing 
crop material after harvest. The mono-starwheels 
(SG 600/800 models) partiall lc-lodge the s'raw 
for stronger ratoon tillering. Effects of the increased 
organic matterand lock lodging on ratoon crops will 
be 	investigated in more detail. 

Socioeconomic analysis of stripper harvesting 
systems. To assess the likely socioeconomic impact 
of stripper harvesting systems, this IRRI-Overseas 
Development Administration collaboiative project 
surveyed 80 farmers and 160 landle, rural workers 
:'1
irrigated areas of Iloilo Province and Bicol region 
in tilePhilippines. Iloilo is a relatively labor-defi

cient area at harvest time), the Bicol region is a 
labor-surplus area. 

in Bicol is scarce during transplanting and, 
. in certain areas, land preparation. The average farm 

wage is $1.54/d: and the most common farmer
harvester rate of sharing clean rough rice is 10:1 
(without meals). The farmer pays for threshing and 
the harvester for the cleaning cost. Some respon

dents thresh by foot. Off-fann employment is found 
in Manila or Laguna Province. 

The Bicolano farmers had not seen a mechanicalharvester. In Iloilo, farmers' perceptions ofharvest
ers have been influenced by past experience with 
demonstrations of reapers or through hearsay. Most 
faumers expressed adesire to use an economical and 
technically sound machine. They raised concerns 
about the stripper's ability to harvest lodged crop, 
harvest in wet and muddy soils, and harvest direct 
seeded rice, which is replacing transplanted rice in 
many Iloilo area:;. 

Farm laborers in both Iloilo and Bicol, especially
 
the women harvesters, perceived that the stripper
 
harvesters could threaten their main source of in
come. Gender and equity issues are being carefully
 
considered.
 

Preliminary results indicate that, provided farm
ers are convinced of the technical and economic 
merits of the stripper harveslcr. !oilo farmers will be 
attracted to the system because of the potential for 
more intensified rice farming, less losses, and re
duced input costs. The introduction of the stripper, 
however, must be accompanied by acceptable 
changesin laborarrangements. Astripperharvesting 
system can be set up to provide almost no labor 
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displacement but to reduce loss and drudgery, and 
improve timeliness, 

THlRESHER DEVELOPMENTS 

Crop flow in the IRRI axial-flow threshers. An 
"inductive crop-flow measuring system" designed at 
Hohenheinm University was used to optimize the 
performance of the IRRI modular thresher (TH 11). 
(This joint project with Hohenheim University, 
Germany, is funded by the German Agency for 
Technical Cooperation.) 

The system uses magnets enclosed inheat-shrink-
able plastic tubes as signal transmitters. The tubes 
are added to the crop where the magnets induce 
signals while passing coils inserted in the concave 
inside the thresher. Using a data acquisition system 
and computer, the signals are amplified in a display 
unit, which records coil locationand travel time. The 

computer program package calculates the signal 
transmitter tracks and projects the tracks into the 
developed views of the concave circumference. The 
power requirement of the threshing drum is deter-
mined using atorque meter. The concave is divided 
intothreesectionstodeterminegrainseparationover 
concave width. The effects of feed rate, threshing 
drum speed. and different louver adjustments on 
crop flow and threshing performance were deter-
mined in several test runs. Crop flow was found to be 
strongly influenced by louver ar.gle, which deter-
mines the number of crop revolutions around the 
threshing drum (we found a maximum of 1I). 

The measuring system showed that the original 
louver angle ought to be modified to improve flow 
in the feed section and reduce backfeeding at the 
feed opening. Effects of design modifications on the 
performance of the axial-flow thresher are being 
tested. A thresher test stand with grain conveyor and 
multicrop thresher is being constructed for further 
research and development work. 

IRRI treadle thresher. A new prototype light-
weight treadle thresher with friction drive, sheet-
metal chassis, and involute, interchangeable thresh-
Ing bars was fabricated. The treadle thresher oper-
ates in three modes: I) thresher mode, 2) winnower/ 
blower mode, and 3) transport mode (accessories 
allow the unit to operate as a wheelbarrow). The 
prototype weighs 30 kg and is estimated to cost 
approximately US$75. 

Initial test results showed that the treadle thresher 
threshes more than twice the amount of grain daily as 
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does trampling or hand beating. Further tests are 
being conducted to optimize the design. 

DRYING 

The technical feasibility of low-temperature, in
storage drying under humid tropical weather condi
tions was assessed in ajoint project with Hohenheim 
University. 

The system tested consists of arectangular bin, an 
air sweep floor for air distribution and unloading, an 
electric heater, and a centrifugal fan. Two WS tests 
showed that a maximum 2-m depth of rice can be 
dried from 27.5% moisture levels to safe storage 
levels in one pass. Under humid tropical conditions, 
the ambient air isslightly preheated (6-9 K) at night 
to prevent crop spoilage. Because of the low-airflow 
and high-efficiency fan that forces air through the 
rice, extremely low power is used (40 W/m 3 of 
grain). Under the Philippine Trade Standards for 
grading rice, rice dried using this system was found 
to be of premium quality. 

Present efforts are geared toward constructing the 
same unit using locally available materials. The 
system will be modularized to accommodate the 
required capacity, material, and preheating system. 

MILLING 

Ultralite centrifugal huller. Hulling continues to 
be a major source of income for rural women. To 
reduce drudgery ofthis task, we designed an ultralite 
centrifugal huller. The huller weighs 15 kg with 
engine and iscompact (overall dimensions are 400 x 
400 x 600 mm). The unit was field-tested in 
Carusocan, Santa Barbara, Pangasinan (site of the 
Women in Rice Fanning Project). Initial test results 
showed that the huller performs best with parboiled 
rice. Interviews with women users indicated high 
acceptance of the machine's performance. Further 
test and development work will be conducted in 
consultation with prospective users. 

Small-scalericemill.Optimumoperatingcondi
tions of the MR 150 micromill were identified using 
the response surface methodology. With rib depth of 
7 mm, screen clearance of 6 mam, and peripheral 
speed of 5 m/s, the micromill achieved a milling 
recovery of up to 70%, head rice recovery of up to 
80%, whiteness number of up to 37, and negligible 
amounts of unhulled grains. 

Acceptability of the machine was field-tested in 
several localities in collaboration with the Philippine 



Rice Research Institute. Initial results indicate that 
access to commercial mills is the most sigaificant 
factor affecting acceptance of the machine. End-user 
interview responses also indicated areas for possible 
improvement of the design. 

Ongoing modifications will imr-ove the live-
stock feed recycling unit and increase the capacity to 
200 kg/h. We will evaluate the feasibility of milling 
with high moisture content grains (16-18%) to lower 
breakage and reduce energy required for drying. 
Productstorability willalsobestudied.Theperform-
ance of the micromill for different varieties will be 
examined, 

CON]INUOUS RICE HUSK GASIFIER-COMBUSTOR 

FOR DRYING RICE 

Rice husk is a much cheaper fuel than kerosene. 
Conventional direct combustion rice husk furnaces 
with flat or inclined grates cause incomplti! coin-
bustion and generate ash, dust, and sparks. Batch
type gasifier combustors are bulky, as they contain 
rice husk or inactive ash. A continuous-flow model 
with compact, lightweight, and simple construction; 
easy control of heat rate: clean burning flame; and 
provision for continuous rice husk feeding is cur-
rently being tested. 

Prelinjinary tests on the inclined reactor (tile first 
in a series of furnace configurations) to synchro-
nize the feeding rate with the combustion and ash
removal rates are under way. The gasifier-combus-
tor was designed to be operable continuously for at 
least 8 h1.It is compact and lightweight to allow for 
mounting as a component of a mobile dryer. 

DOUBLE-BASKET RICE HULL BURNER 

Amorphous rice hull ash is potentially valuable as a 
cement extender, for brick making, or even for sili-

cone, silica gel. and electronics-grade silicon. The 
double-basket burner is a simple, low-cost, annular 
device made of wire mesh and intended to produce
amorphous rice hull ash. To produce the chemicallyactive amorphous silica in a burning bed of rice hulls, 

sufficient air is required for complete combustion 

but without permitting conditions (time-tempera
lure-pressure-air) that favor crystalline silica forma
tion (slagging). 

Twc prototypes of a modified double-basket 
burner were tested and their thermal properties evalu
ated using a data logger recording from strategically 
placed bimetallic temperature probes. Test results 
showed that peak temperatures did not exceed 
800 'C, thus minimizing the possibility of slagging, 
which can occur if conditions are favorable at tem
peratures above 750 'C. The best performance was 
obtained with 5-mm wire mesh (Fig. 51). Further 
tests will be conducted with hulls of different rice 
varieties. 

DOUBLE BASKET BURNER 
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51. Data from temperature probes inserted in rice hulls burned toproduce amorphous silica. This is a potential use for a rice by
product that is otherwise anuisance in sonic areas. 
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Subprogram I:Germplasm 
conservation and dissemination 

Germplasm collection, acquisition, 
and research 

FIa.D COLLECTION 

In 1991, three important regions of rice genetic di
versity were visited in collaborative germplasm col-
lecting missions. In a multiteam effort with the 
National Bureau of Plant Genetic Resources, the 
state of Madhya Pradesh in India was explored for 
wild rices. In Papua New Guinea (PNG), with staff 
of the Department of Primary lndustry, remote 
parts of the southern coast were visited and three 
species collected: Or',za longiglumis,(. officinalis, 
and 0. rufipogon. On the banks of the Fly River 
PNG, the unexpected find of 0. mituita, previously 
reported only from the Philippines, was of particular 
interest. Staff of the Agriculturl Research Institute 
in Myanmar were joined by IRRI staff in collabora-

tive collecting efforts in that country. Wild rices 
were collected in the lowland valleys; on the Shan 
Plateau, local traditional cultivars as well as the 
wild rice 0. granulatawere collected. 

ACQUISITION 

A total of 2,905 seed samples was received during 
the year: 2,322 samples of 0. sativa and 583 of the 
wild relatives of rice. Donations of germplasm were 

received from Cambodia (1,250 samples), Brunei 
(305), Laos (256), Malaysia (106), and the Philip-
pines (104). Major donations resulting from collabo-

rative collecting included seed samples from India 

(343) and Myanmar (91). Among special types re

ceived were some samples reporte Ito have durable 
blast resistance and some cytoplasmic male sterile 

lines. 
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Progress in collection and acquisition of wild 
germplasm in recent years has been dramatic, with a 
total of 1,749 incoming samples in the last 5 yr 

compared with only 794 in the previous 16 yr (Fig. 

1). It will be easier to handle this important germplasm 
when the nursery area has been expanded as part of 

the genebank renovation. 

MONITORING OF VIABILITY OF STORED 

SEED STOCKS 

In addition to regular viability monitoring of stored 
seeds, we are testing the initial viability of all acces
sions entering the Active and Base Collections and 
have followed a sequential viability monitoring 
system that is more cost- and time-efficient. Of the 

Samples (no.) entering IRGC 
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1. Collection/acquisition of wild species germplasm, 1970-91. 
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4,596 accessions tested for initial viability, only 46 nation or vigor of stored germplasm. It is likely that 
had a diability of less than 85%, the lowest accept- as seeds get older and physiologically weaker,
able foran accessionof thejaponicarace toenterthe measures to protect germinating seed stocks from 
Base Collection. Most of the 46 were japonica varie- pathogen infection may be warranted.
 
ties.
 

CYTOLOGICAL CHARACTERIZATION OF WILD 
FUNGAL FLORA ON STORED RICE GERMPLASM SPECIES GERMPLASM 
We are undertaking a long-term study to monitor the Ory'va schlechteri recently collected in Papua New 
fungal flora on germplasm stored in the medium- Guinea is a tetraploid with 48 chromosomes (Fig. 2). 
term storage room of IRGC (about 2 'C, 40% Two speces of Leersia from Africa-L. perrieri and 
relative humidity) to determine whether this might L. tisseranti in the IRGC-are confirmed diploids
have an effect on germination and vigor of stored with 24 chromosomes. Most of the other species in 
seeds. After 3 yr of monitoring, we find no signifi- the genus Leersia are reported to have 48 or more 
cant change in germination or differences in vigor chromosomes. 
(as mea,-:ured by seedling root length) among stored We have also checked the chromosome numbers 
seeds, treated or untreated with fungicides. of all the IRGC accessions ofO.puncata,which can 

The fungus Aspergillus sp. shows an increase be either diploid or tetraploid. Both chromosome 
over time in stored seeds untreated with fungicide, races are found in West and East Africa. In addition,
but the fungus Penicilliunz sp. declines. Neither we have confirmed that the Sri Lankan populations 
fungus is present in treated seed lots. Fungal genera of 0. eichingeriare diploid. 
from untreated seed lots number 19 compared with 
9 from treated seed lots. Of the fungal genera that can IMPROVED CONSERVATION BY IN VITRO CULTURE 
infect seed, Curvularia and Fusariumt produce sig- Protocols have been developed using single seeds 
nificantly lower infection in seeds treated with fun- and callus to multiply the cultivated rices indica,
gicide. japonica, and 0. glaberrima. Slightly modified 

At this stage of the study, there is no indication procedures from those reported earlier have been 
that seed fungi have an adverse effect on the germi- developed to multiply plantlets of Oryza species 

a 

dbb 

2.The 48 chromosomes of 0.schlechteri during root tip mitesis. 
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3. Protocol for proliferation of plantlets from seeds. Ai and A2: mature seeds are 
placed on germination media. A3: young seedling is transferred to the proliferation 
medium. A4: older tillers are separated from the tiller cluster and placed in rooting 
media. A5: after 2 wk, seedlings are transferred to Lulture solution. A6: seedlings 
are transplanted into pots. A3 and A7: emerging shoots from dissected tiller cluster 
can be subcultured into fresh proliferation medium for further proliferation. 

having the CC, BB, and BBCC genomes. The germi-
nation media had reduced agar (0.4%) and sucrose 
(3%, compared with the germination media for cul-
tivated rices. After germination, developing em-
bryos were transferred to a modified second medium 
having a lower sucrose concentration, casein hydro-
lysate, andadifferentcombinationofplant hormones. 
Plantlets of these wild species were successfully 
grown to maturity. 

Protocols developed for species with AA, BB, 
CC, and BBCC genomes allow multiple plant devel-
opment from a single seed and/or callus and can be 
used to safeguard accessions that produce few seeds 
or for which there are low viability seed stocks 
(Fig. 3). However, attempts to use the present proce-
dures with 0. iongistaminatahave not been success-
ful and methods of inducing callus and plantlets from 
this species are being investigated. 

SEED GERMINATION PROTOCOLS 

We have established the protocol for breaking dor-
mancy and germinating seeds of species maintained 
in IRGC from genera closely related to Oryza: 

Chikusichloa aquatica, Leersia perrieri, and 
Rhynchoryza subulata.Dormancy can be broken by 
applying atemperature of 50'C for 7d and removing 
the palea and lemma before germination. To germi
nate, seeds are placed on filter paper in a germinator 
at 30 'C with a 12-h day (Table 1). 

Seeds of Porteresiacoarctataexhibited recalci
trance. Germination was 67 to 83% using embryos 
excised from nondried seeds harvested 22 to 29 d 
after flowering (Fig. 4). Embryos collected 22 d 
before or 32 d after flowering commenced did not 
germinate. 

Embryos excised from seeds of Hygroryza aris
tata, and air-dried at room temperature (25-27 'C) 
for 7 to 14 d, showed 85% germination. Seeds 
expos 'd to temperatures higher than 30 *Cfailed to 
germinate. 

RICE GENETIC RESOURCES WORKING GROUP 

MEETING 

The first meeting of the Rice Genetic Resources 
Working Group was held at IRRI in August. The 
close interaction among scientists conserving rice 
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Table 1. Germination of seeds of species in genera 
related to rice. 

Species Germination 
Days to 

maximum 
(%) germination 

Chikusichloa aquatica 88 15 
Leersia perrieri
Rhynchoryza subulata 

86 
79 

34 
8 

Germination (%)
90 

80 

70 

60 

50 

40 

30-

20 

10 

02 
21 23 26 29 31 32 

Days after flowering 
4. Germination of P. coarctata embryos collected at different 
days from initiation of flowering. 

genetic resources is meant to further harmonize 
international efforts to conserve rice germplasm. 
Discussion focused on these areas: 

1. Solutions to common problems that all rice 
genebank curators face, such as reliable equipment 
to help reach the best standards for seed preserva-
tion; 

2. Extending and improving the internationally 
agreed upon set of descriptors for rice to encompass 
passport data and germplasm management descrip-
tors; 

3. Interaction between IRRI and national gene
banks on the cross-matching of germplasm so that 
the same accession at IRRI and in national programs 
can be correctly identified by the accession numbers 
of both programs. 

Germplasm conservation, 
dissemination, and assistance to
nationa! agricultural research systems 

SEED PRODUCTION AND CHARACTERIZATIONIn 1991, 9,459 accessions were planted on 22 ha: 
10 ha off-farm and 12 ha on-farm in the two seasons. 

During the wet season (June to November), 2,343
accessions were completely characterized in the 
field. We compared 90 probable duplicates in the 
field, and found 38 to be phenotypical!y different 
from varieties in the existing collection. We regener
ated on culture media 129 accessions that had few 
and/or weak seeds; 54 reached maturity. 

Three hundred and eighty-eight wild rice acces
sions were grown in the screened nursery area; 85% 
were new incoming samples and 15% rejuvenation 
of old seed stocks. In the nursery area where special 
protection is available, 1,781 accessions of 0. sativa 
with few seeds or special types were grown.

O. glaberrina accessions totaling 195 were 
completely characterized in 1991, and 324 wild rice 
accessions were characterized up to the reproductive 
stage. 

INVENTORY OF SEED STOCKS 

A thorough inventory of the holdings of wild rice in 
1991 showed that we have 1,887 accessions of wild 
rice and 879 incoming samples. All species in the 
genus Oryza are now represented in the IRGC col
lection. The breakdown by species ofconserved wild 
species is shown in Table 2. Progress in updating the 
inventory of the cultigens 0. glaberrina and 
0. sativa was started during 1991 and is expected to 
be completed in 1992. 

DATA BASE MANAGEMENT AND DEVELOPMENT 
International cross-matching of rice accessions. 
Efforts were i'.ite.ified to cross-match rice 
germplasm accessions held in IRGC with the acces
sion number rf the same germplasm in other gene
banks. The identification number of the germplasm 
donors was stored in the computer with the IRGC 
accession number. This information war completed 
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Table 2. Oryza species and the number of distinct 
accessions conserved In the International Rice
Germplasm Center, IRRI, December 1991. 

Species Accessions Incoming
(no.) samples (no.) 

0. alta 10 
0. australiensis 25 
0. barthii 146 13 
0. brachyantha 11 
0. eichingeri 18 
0. glumaepatula 32 
0. grandiglumis 8 
0. granulata 7 14 
0. indandamanica 1 
0. latifolia 33 
0. Iongiglumis 5 1 
0. Iongistaminata 109 64 
0. malampuzhaensis 5 
0. meridionalis 39 
0. meyeriana 7 4 
0. minuta 47 18 
0. nivara 318 168
0. officinalis 155 830. punat 15 630. punctata 41 6 

0. rhizomatis 18 
0. ridleyi 11 7 
0. rufipogon 494 267 
0. schlechteri 1 
0. spontanea and hybrid 309 233 

populations 
Oryza species 38 

Total 1887 879 

for India, China, Japan, and Laos and given to 
representatives of those countries for further verifi-
cation and additions. 

Revised version of IRRIGEN released. A re-
vised version of the microcomputer-based rice ge-
netic resources software IRRIGEN and printed 
operational manuals were released free of charge to 
16 national program collaborators in Asia and 
Africa. 

Data base management assistance to Cambo-
dia. The Cambodia-IRRI project was assisted in the 
development of a Cambodian germplasm data base. 
Passport and characterization data on 1,275 newly 
coller ed germplasm samples from Cambodia were 
entered into the data base. 

IRGC data base on-line. Improved interna-
tional communication systems now make it possible 
for the information on IRGC accessions to be di-
rectly accessed from many other countries. Revision 
of the data base files has been initiated to ersure 
compati' y among them. 
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BASE COLLECTION AND DUPLICATE STORAGE 
A total of 4,328 accessions have been processed for 
the Base Collection (long-term storage) and Active 

Collection (medium-term storage) during the year. 
Of these accessions, 4,184 were 0. sativa, 78 
0. glaberrima, and 66 .vild species. 

IRRI sent 5,008 accessions for duplicate "black 
box" storage at the National Seed Storage Labora

tory (NSSL), Fort Collins, Colorado. Currently, about 
62% of IRGC accessions are in the Base Collection; 
of these, 44,965 have been sent for duplicate storage 
at NSSL. Most of the accessions in IRGC are also 

stored in the national centers where they originated. 

SEED DISTRIBUTION AND INFORMATION 

Asharpdropin the number of requests for germplasm 
and in the number of samples distributed during the 
year to scientists within IRRI would seem to indicate y
the change of personnel within the institute, change 

in evaluation methods, which are more detailed and 
can only involve a limited number of accessions, as 
well as more judicious selection of germplasm for 

evaluation. Within IRRI. 24,310 seed samples were 
distributed (Fig. 5). 

With 8,949 samples of cultivated and wild rice 
being distributed in response to 188 requests, the 
distribution ofseed samples to the national program; 
remains unchanged over recent years. 

Changes in operational procedures in IRGC re
lated to packaging, cleaning, and time of distribution 
were introduced during the year. The principal 
changes involved computerized labeling of seed 
packets and prepacking of 10-seed lots for distribu
tion. 

TECHNICAL ASSISTANCE TO GENEBANKS OF 
NATIONAL AGRICULTURAL RESEARCH SYSTEMS 

IRGC staff visited the newly constructed genebank 
at PhilRice (Philippine Rice Research Institute) and 
discussed operational procedures and ways of effi
ciently developing operations. In addition, IRGC 
donated containers to store accessions in the Phil-
Rice genebank. 

The Center's associate geneticist discussed gene
bank operations with staff of the newly opened 
MyanmarSeed Bank and was invited to lecture to the 
staff on rice genetic resources. 

IRCC staff held a training session for IRRI staff 
working on wild Oryza to explain methods of grow
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5. Distribution of seed samples from IRGC to different divisions 
of IRRI since 1987. Numbers on top of bars indicate number of 
accessions. 

Table 3. Phytosanitary certified seed lotssent by IRRI to 
different regions, Janucry-December 1991. 

Ship- Seed Total
Region, ments lots weight 

(no.) (no.) (kg)
East Asia (4) 101 22,259 2,908.88 

Southeast Asia (9) 105 35,272 912.74 
West AsiaAsia and 19 33,605South (6) 106 1,063.867,843 133.03 

North Africa (6)
 
Europe (14) 61 
 1,858 135.93Sub-Sahara 36 8,684 272.07Africa (18)
 
Latin America (12 
 32 8,037 190.83North America (2)b 32 7,274 203.19 
Oceania (3) 13 1,061 44.74 

Total 505 125,893 5,865.26 

"Numbers enclosed in parentheses refer to the number of
countries included per region. blncludes duplicate samples sent 
tc, NSSL, Fort Collins, Colorado, USA. 

ing and caring for these delicate materials. A Cam
bodian and an Indian trainee undertook their special 
projects in IRGC and were also given hands-on 
training in data management operations. Two staff 
from PhilRice underwent a 2-wk on-the-job training 
on genebank operations. 

Subprogram I1:Seed health 

The Seed Health Unit (SHU) and the Philippine 
Plant Quarantine Service processed and certified 
125,893 seed packets (seed lots) from IRRI and sent 
them to collaborators in 74 countries in 9 regions 
(Table 3). Major IRRI sources of seeds were INGER 

89,020 seed lots; Plant Breeding, Genetics, and 
Biochemistry (PBGB) Division with 20,079, and

with 14,955 (Table 4). Other sources were
 
Plant Pathology; Soil Microbiology; Agronomy, Plant
 
Physiology, and Agroecology (APPA); and Train
ing Center. During the year, 6,715 rice seed lots were 
received from 27 countries and 2,821 plantlets and 
rice cuttings from the USA and Papua New Guinea 
(Table 5). The major consignees of incoming rice 
seeds were PBGB and IRGC followed by INGER,
Plant Pathology, and APPA divisions. Rice cuttings
and plantlets were imported by PBGB and IRGC 
(Table 6). 

In the postentry certification of incoming
germplasm, the following plant quarantine objectswere identified: a) weed from 50 seed lots (1.9% of
total seed lots) with II weeds species belonging
mostly to EcIinoclloa spp., Fimbristylis sp., Pas-
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Table 4. Sources of seed in lots sent by IRRI to different 
Seed Health Unit, January-countries through the 

December 1991. 
Ship- Seed Total 

weightSource of seeds ments lots 
(no.) (no.) (kg) 

20,079 3,244.04Plant Breeding, 185 

Genetics, and 

Biochemistry 


89,020 2,293.04INGER 134 

IRGC 137 14,955 265.75 

1 0.14Training Center 1 

Plant Pathology 41 1,324 29.07 


4 22 3.49
Agronomy, Plant 
Physiology, and 
Agroecology 

Soil Microbiology 3 492 29.73
 
505 125,893 5,865.26Total _ 

Table 5. Origin of imported germplasm received by IRRI 

from January to December 1991. 

Ship- Seed Total
 
Origin, ments lots weight
 

(no.) (no.) (kg) 


Rice seeds 

East Asia (4) 15 2084 29.78 

Southeast Asia (8) 17 2427 37.20 


829 68.53South Asia (4) 23 

3 1027 11.88
West Asia and 


North Africa (1) 

Europe (3) 41 49 4.91
29 0.43Sub-Sahara 


Africa (1) 


Latin America (4) 6 67 0.70 

North America (1) 1 184 1.30 

Oceania (1) 1 19 0.07 


6715 160.86Total 71 

Rcecttalg 71 6715 10 


2784 -North America (1) 3 

37
Oceania (1) 1 


Total 4 
 2821 


'Number of countries inparentheses. 

palum sp., and Scirpusjuncoides; b) insect and insect 

damage in 568 seed lots (21.9% of seed lots) from the 

major species Sitotroga cerealella, Sitophilus sp., 

Rhizopertha doininica, and Triboliun confusum; 

and c) soil oi seeds with soil found in 312 seed lots 

or 12% of seed lots. Smutted (Ustilaginoidea virens) 

seeds were found in only 0.15% of seed lots (Table 

7). All incoming rice seeds were fumigated before 

phytosanitary tests. Quarantine objects were sepa-

rated from seed lots and autoclaved before disposal. 

Routine seed health tests (RSHT) of incoming 
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Table 6. Coneignees of imported germplasm received 
by IRRI from January to December 1991. 

Ship- Seed Total 
weightOrigin ments lots 

(no.) (no.) (kg) 
Rice seeds 

3 186 3.82
Agronomy, Plant 
Physiology, and 
Agroecology 

74.79INGER 19 363 

2774 17.72IRGC 24 


21 3082 60.08
Plant Breeding, 
Genetics, and 
Biochemistry 

Plant Pathology 4 310 4.45
 

Total 71 6715 160.86
 

Rice cuttings or plantleib
 
IRGC 
 1 37
 
Plant Breeding, 3 2784
 

Genetics, and
 
BiochemisLry

Total 4 2821 

seeds revealed II rice pathogens affecting seed lots;
 

infection ranged from 4% by Pyricularia oryzae to
 

93% by Trichoconis padwickii at varying detection
 
levels. RSHT of pretreated seeds received showed 

that treatments effectively controlled Fusarium too

niliforme and Pyricularia oryzae, but only partially 
controlled the other seedborne pathogens (Table 8). 
Materials and seeds used in RSHT were autoclaved 

before disposal. Incoming seeds were released to 
consignees only after the prescribed seed treat
ments-hot water 52-57 'C for 15 min and fungi

cidal slurry of benomyl and mancozeb both at 0.3% 

by seed weight-were administered. 

RSHT of seeds for export also showed the 1
 

seedborne pathogens, with P. oryzae affecting 0. 1% 

seed lots ind T.padwickii affecting 99.9% seed lots. 

RSHT of treated seeds with hot water and fungicide 

completely controlled Sarocladiwn oryzae, P. ory

zae, and Aphelenchoidex besseyi, and drastically 

reduced infection of the other pathogens in terms of 

infected seed lots and detection levels (Table 9). All 

outgoing seeds were given the recommended seed 

treatments except those sent to countries that specify 

no pre-export seed treatments. 
Crop health was iL.Npected on seed multiplication 

plots of IRGC, INGER, and PBGB. Incoming seeds 

totaled 4,167 planted in designated postentry areas. 

In the dry season (2,885 entries), 79% showed no 

disease and 13% had only bacterial leaf streak. In the 
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Table 7. Quarantine objects identified from 2,589 wet season (1,282 entries), 61% were disease-free. 
incoming seed lots received by IRRI from January to The major diseases observed were leaf scald (affect-
December 1991. 

ing 11% of entries) and rice blast (16%) (Table 10).
Infested Diseases observed on plants originating from in-

Quarantine objects seed lots Percent coming seeds were not of the introduced type. Out

Weed-contaminated 
Weeds 

Echinochloa sp. 
Fimbristylis sp. 
Paspalum sp.Scirpus junc8idas 
Aeschynomene s. 

Ischaemum rugosum 
Paspalum distichum 
Fimbristylis miliacea 
Scirpus supinus 
Digitaria sp. 
Aeschynomene indica 
Unidentified 

Insect-damaged 
Insects 

Sitoa usp. 
Rhizopertha daminica 

Tribolium confusum 
Liposcelis entomophilus 
Cryptolestes ferrugineus 

Soil or seed with soil 
Smut or smutted seeds 

going seed multiplication plots numbered 8,577 
entries in the dry season, 86% ofwhich were disease

50 1.93 free. Sheath rot affected 7% of entries while both 
50 1.93 narrow brown leafspot and leaf scald affected 2%of 
15 0.58 the 	entries. Wet season planting totaled 8,567 en
8 0.31
7 0.27 	 tries, 16% ofwhich were disease-free. Bacterial leaf
3 0.12 	 streak affected 65% of the entries; leaf scald, 49%; 
3 0.12 	 rice tungro, 20%; and bacterial blight, I1%. Inci
2 0.08 	 dence ofother diseases was low. 
2 0.08 The phytosanitary certification activities ofSHU 
1 0.04 	 are under the supervision of the Philippine Plant 
1 0.04 	 Quarantine Service. Monthly reports of these activi
1 0.04 	 ties and payments of phytosanitary certificates and 
1 0.04 	 import permits were made to the Plant Quarantine 

568 	 21.94 Service. 
The third 1991 Rice Seed Health Training Course 

15 75 was held from October 5 to October 31 with partici
134 5.18 pants from Bangladesh, Cambodia, China, Korea, 
48 1.85 the Philippines, and Sri Lanka. The participants were 
3 0.12 	 exposed to hands-on evaluation of infested and in
2 0.08 fected rice seed lots, using available seed testing 

312 12.05 methods for detection and identification ofquaran
4 	 0.15 tine objects like insects, weed seeds, soil, smutted 

seeds, and pathogens found on discolored and non-

Table 8. Rice pathogens detected in routine seed health test (RSHT)of 1991 incoming seeds 

received without, and withb treatment. 

Without treatment With treatment' 

Pathogen 

Trichoconis padwickii 
Curvularia spp. 
Sarocladium oryzae 
Gerlachia oryzae 
Fusarium moniliforme 
Drechslera oryae 
Pyricu/aria oryzae 
Phoma spp. 
Nigrospora spp. 
Tilletia barclayanad 

Affected Detection Mean Affected 
seed lots level value seed lots 
(%) (% I%) (%) 


92.6 1- 77 26.2 37.0 
90.5 1- 50 7.0 37.0 
21.1 1 - 11 2.0 18.5 
29.5 1- 9 2.7 3.7 
40.5 1- 6 1.3 0.0 
79.5 1 - 59 6.6 40.7 
4.2 1- 10 2.8 0.0 

73.2 1 - 27 2.5 29.6 
41.6 1 - 26 3.7 33.3 
15.8 1 - 89 45.6 14.8 

Aphelenchoides besseyil 13.7 1 - 30 6.5 40.7 

Detection Mean 
level value 
(%) (%)
 

1- 56 24.0 
1 - 17 6.7 
1- 2 1.2 
1 1.0 
0 
1- 4 1.5 
0 
1 - 12 3.8 
1 - 5 2.6 
1 - 13 7.5 
1 - 59 24.0 

'Based on 200 seeds/seed lot of atotal of 190 seed lots. bBased on 200 seeds/seed lot of atotal of 27 seed 
lots. 'Declared treatments were mancozeb, benlate, and pyrimiphos methyl 25%. dContaminated seeds 
were rejected for certification. 'Actual nematode count. 
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Table 9. Rice pathogens detected in RSHT of 1991 INGER nurseries without, and withb 

treatment. 

Without treatment With treatment 

Pathogen Affected Detection Mean Affected Detection Mean 
seed lots 

(%l 
level 
(%) 

value 
(%) 

seed lots 
(%) 

level 
(%) 

value 
(%) 

Trichoconis padwickii 99.9 1- 97 33.1 8.9 1 -6 1.2 
Curvularia spp. 87.7 1 -46 4.7 5.7 1- 3 1.1 
Sarocladium oryzae 31.0 1- 46 2.0 0.0 0 -

Gerlachia oryzae 23.1 1 -20 1.9 0.1 1 1.0 
Fusarium moniliforme 13.4 1- 5 1.2 0.4 1 1.0 
Drechsler.9 oryzae 12.8 1- 6 1.3 4.4 1 -3 1.1 
Pyricularia oryzae 0.1 1 1.0 0.0 0 -

Phorna spp. 59.3 1 -37 2.2 0.6 1 -2 1.1 
Nigrospora spp. 32.2 1 -30 2.3 0.2 1 1.0 
Tilletia barclayanac 2.3 1 - 10 1.7 0.5 1 - 2 1.3 
Aphelenchoides besseyid 0.2 1- 42 12.0 0.0 0 -

'Based on 200 seeds/seed lot of a total of 1,988 seed lots. bBased on 200 seeds/seed lot of a total of 1,988 
seed lots. 'Contaminated seeds were rejected for certification. dActual nematode count. 

Table 10. Entries in multiplication plots of IRGC, INGER, and Plant Breeding, Genetics and 
Biochemistry Division inspected for crop health and found infected with rice diseases of 
incoming, and outgoing seeds in 1991 dry and wet seasons. 

Incomingb Outgoing c 

Disease Dry season Wet season Dry season Wet season 
(%) (%) (%) (%) 

No disease 79.24 61.39 86.14 16.47 
Rice tungro 1.87 1.79 0.90 20.21 
Grassy stunt - - - 0.01 
Ragged stunt -

Sheath rot 1.25 4.60 6.55 7.79 
Sheath blight 1.73 9.67 0.85 0.23 
Stem rot 0.47 - 5.08 
Narrow brown leaf spot 0.24 - 1.94 0.27 
Leaf scald 0.52 11.08 2.05 48.99 
White leaf streak - - - -

Blast 0.69 16.15 0.06 0.27 
Brown spot - - - -

Bakanae - - 0.20 -

Bacterial leaf streak 13.14 8.27 0.08 65.82 
Bacterial blight 1.59 0.55 0.65 11.16 
Leaf smut - - - -

False smut 0.45 - 0.68 0.01 

Bacterial striped 0.31 - -

Sclerotium seedling blightd 0.08 

'Diseases observed on plants originating from incoming seeds were not of an introduced nature. bBased 
on 2,885 entries in dry season (DS) and 1,282 entries in wet season (WS). cBased on 8,577 entries in DS 
and 8,567 entries in WS. dObserved at seedbed stage. 
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diszolored rice seeds. One participant gave a suc- effectiveness. Crop health inspection and field 
cessful lecture demonstration on seed transmission sampling were done to ascertain disease incidence 
method ofXanthomonas orvzae pv. oryzicola. Seed on mother plants before harvest; they provided dis
treatments were alko demonstrated to assess their ease information before seed health testing. 
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Information and knowledge exchange
 

IRRI's important role as a facilitator of the 
worldwide flow of rice information is carried 
out through the Information and Knowledge 
Exchange Program. Five subprograms are 
involved: library services, scientific publica-
tion, rice data bases and data base informa-
tion services, conferences and workshops, 
and public awareness. 

Activities carried out by the Information 
Center are planned to meet the following 
objectives: 
* 	 collecting, documenting, and providing free 

access to the world's iterature on rice; 
* 	 publishing scientific information and pro-

moting the flow of current rice research 
findings to scientists everywhere; 

* 	 compiling, updating, evaluating, interpret-
ing, and disseminating primary and second-
ary data on rice and rice ecosystems; 

* 	 facilitating the participation of collaborating 
scientists in planning rice research, setting 
priorities, sharing results, and promoting 
dialogue on institutional and policy issues; 
and 

* 	 creating an accurate understanding of rice, 
rice research, and IRRI's objectives and work 
plan among donors, policymakers, and the 
general public worldwide. 
The importance of information and knowl-

edge exchange in the international rice 
research community is steadily increasing. 
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Subprogram I: Library 

Library services 

Completion of a systems analysis of library opera
tions is a first step toward computerization of IRRI 
Library procedures. Biological Abstracts on CD-
ROM improved the library's capacity to respond to 
informalion requests received from all overthe world. 
The computerized azolla data base is being used for 
fast retrieval of literature. 

The collection of original English translations of 
rice literature published in other languages is stored 
on magnetic tape (in duplicate storage) and may 
eventually be disseminated on CD-ROM. 

By the end of 1991, the Rice Literature Search 
System (LSS) included approximately 180.000 en
tries; all of the original documents are represented in 
the library's book and periodical collections. The 
library's monograph collection (books, pamphlets, 
reprints, and translations) now n~umbers 96,678 docu
ments; the serials collection, 4,184 titles. 

Six issues of Rice Literature Update were pub
lished; each averaged 1,500 citations of the library's 
latest acquisitions. Reprint requests totaled 612 from 
60 countries. That required the retrieval and copying 
of 23,715 pages of rice documents. 

Subprogram I1: Scientific 
communication 

Publication of research results 

An ad hoc Publications Advisory Committee sub
mitted a thorough analytical report and recommen
dations in April. Committee members also screened 
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cunent book proposals and helped set priorities for 
publication. That committee was reconstituted as a 
standing Publications and Communication Commit
tee (PACC) to develop procedures for the publica-
tion of scientific documents, 

A Peer Review of the Publications and Commu
nication activities was conducted 20-25 November 
by a team of six members, five external and one 
internal. They made 26 recommendations. Several 
have already been put into practice: two were modi
fied to better fit current circumstances. 

Seventeen books were published in English in
1991. The first electrnic book published is a com-
puter edition of Publications of the International 
Agricultural Research aml Develoment Centers: 
1990. At least 149 editions of 34 IRRI books have 
been copublished in 45 languages in 29 countries. 

Subprogram III: Rice data bases 

Rice data bases and data base 

information services 


EBtablishing corporate data bases was amajor activ-
ity for which a representative task force developed 
the work plan. Computer Services is helping the 
Plant Pathology Division design a system for an 
RFLP fingerprint data base for rice pathogens. 

IRRI researchers are now connected with the 
global INTERnet network, enabling them to com-
municate with colleagues in advanced institutions 
and with an increasing number of other organiza-
tions and companies around the world. This is part of 
CGNET 1I, a network that will link NARS and 
CGIAR institutions with each other and with the 
global scientific community. 

The Local Area Network (LAN) is expanding. 
Fiber optic cables were installed to connect users in 
the NC Brady Laboratory and the new biofertilizer 
building to the system. A single cabling system in the 
biofertilizer building will integrate telephone and 
LAN connections. 

Subprogram IV: Conferences and
 
workshops
 

Information exchange through 
conferences 

IRRI was host to or the cosponsor of24 conferences, 
workshops and meetings in 1991. The complete list 
is given in Table 1. 

Subprogram V: Public awareness 

Public awareness 

The new IRRI Hot/ine provides decisionmakers in 
the donor community with information about the 
targets and achievements of IRRI. IRRI 1990/1991: 
A continuing adventu'e in rice research highlights 
the Institute's annual accomplishments in acorpo
rate report format. 

IRRI activities were featured in "The World's 
Food Supply at Risk" in the April 1991 issue of 
National Geographic magazine. Other major fea
tures in important media resulted from visits of 140 
journalists to IRRI, including 18 representing inter
national media. 

An all-new "Rices of IRRI" multiprojector slide 
program was prepared and is now shown to all 
visitors to the Institute. A basic set of slides describ
ing IRRI activities is available to new media con
tacts; aset also is maintained at the CGIAR secretar
iat in Washington, D.C., USA. 

IRRI hosted a Senators' Day in August, to ac
quaint Philippine legislators with the Institute's goais
and activities. The Philippine Department of Agri
culture has adopted as its official song "Farmers and 
Fishermen, You Are Our Heroes," composed by a 
liaison communicator. 

A video consultant arrived in September to pro
duce programs for public awareness and training 
activities and to train several nationally recruited 
staff in video production techniques. 
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Table 1. Conferenres, workshops, and meetings. 

Venue 	 Partiipants CountriesTitleDate 	 (no.) (no.) 

40 914-25 Jan 	 SARP Workshop on Systems Analysis IRRI 
and Simulation for Rice Production 

50 37-8 Feb Woild Bank-IRRI Workshop on Issues IRRI 
in Rice Research and Production 

18-22 Feb IPM Network Workshop on the White Sukamandi, Indonesia 35 5 
Stem Borer in West Java 

26 Feb-10 Mar INSURF Site Visit and Planning Meeting Indonesia 34 11 

20-22 Mar Rice Research Consortia Planning Meeting IRRI 118 9 

15-20 Apr SARP Workshop on Simulation of Impact CRRI, Cuttack, India 40 9 
of Diseases on Rice 

6-11 May SARP Workshop on Simulation of UPM, Serdang, 25 9 
Processes Regarding Water, Nutrients, Malaysia 
and Roots 

15-17 May Upland Rice Consortium Planning Meeting IRRI 25 4 

31 May-4 Jul Workshop on Strengthening Research, IRRI 75 20 
Extension, and Training Capabilities in 
Mechanization Engineering for Rice 
Agriculture 

24-28 Jun IPM Network V orkshop on Pest Problems Hunan, China 29 4 
in Hybrid Rice in Hunan, China 

10-13 Jul 	 Meeting on Deployment of Bacillus IRRI 40 13
 
thuringiensis Endotoxin in Engineering
 
Rice Plants
 

28-31 Jul 	 Mid-term Planning Meeting for IRRI-ADB Dhaka, Bangladesh 17 6 
Project on Botanical Pest Control 

13-15 Aug Rice Research Pr~oritization Workshop IRRI 53 13 

22-24 Aug First Rice Genetic Resources Working IRRI 18 9 
Group Meeting 

60 2130 Sep-2 Oct Asian Regional Workshop on Bangkok, Thailand 
Sustainable Agricultural Research 

30 Sep-3 Oct INGER-Africa and Rice Research Bouak6, Ivory Coast 32 15 
Conference 

30 Sep-4 Oct 22d ARFSN Working Group Meeting Beijing, China 32 15 
14-16 Oct IRR!-NARS Collaborative Training IRRI 17 5 

Workshop 
10-16 Nov INGER-Latin America and Rice Mexico 150 24 

Research Conference
 
24 Nov-6 Dec Deepwater Rice Monitoring Tour India and Bangladesh 14 4
 
2-4 Dec INGER Global Advisory Committee Dhaka, Bangladesh 18 13
 

Meeting
 
2-6 Dec International Symposium on Systems Bangkok, Thailand 150 22
 

Approaches for Agricultural Development
 
9-13 Dec Workshop on Impact of Farming Kandy, Sri Lanka 32 8
 

Systems Research
 
16-20 Dec Training cum Planning Workshop on IRRI 11 47
 

Biological Control of Rice Diseases
 

PROGRAM SUMMARY 	 enhance the accessibility of improved data and infor-

Activities of the Information and Knowledge Ex- mation exchange through new telecommunication 

change Program are expanding. The three units of linkages with several countries. 

the Information Center-Library Services, Commu- Those linkages will gradually expand and speed 

nication and Publications Services, and Computer interactions with national agricultural research sys

Services-are working with other IRRI scientists to tems. 
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Networks
 

Subprogram 1: International Network 
tor Genetic Evaluation of Rice 

The International Network forGenetic Evaluation of 
Rice (INGER) is a global rice improvement network 
funded by the United Natiens Development Pro-
gramme. Active collaboration among the national 
rice research systems and the international agricul-
tural research systems is the key feature of this 
network. Its objectives are to facilitate genetic im-
provement of rice and to promote genetic diversity 
for different ecosystems through global exchange, 
evaluation, and utilization of improved breeding 
materials originating from sources worldwide. 

1990 NURSERY RESULTS 
INGER composed 921 sets of 23 types of nurseries 
(13 for ecosystem and 10 for stress tolerance) and 
distributed them to 35 countries. With the occur-
rence of new biotypes of gall midge, the Intema-
tional Rice Gall Mide Nursery (IRGMN), which g 
was discontinued in 1983, was revived to evaluate 
and identify varieties and breeding lines with broad-
spectrum iesistance to gall midge populations. The 
presence ard distribution of gall midge biotypes 
were also monitored.

Ecosystem-oriented nurseries. Top entries for 

the three maturity groups of irrigated rice-the Inter-
national Irrigated Rice Yield Nursery-Very Early 
(IIRYN-VE), -Early (IIRYN-E), and -Medium 
(IIRYN-M)-are listed in Table I. Table 2 presents 
details of the best performing entries in the two 
rainfed lowland yield nurseries of early (IRLYN-E) 
and medium (IRLYN-M) maturity. The highest
yielding entries in the nurseries for the two maturityyielingentiesinte nrseiesfor he wo atuity 

groups of upland rice-early (URYN-E) and me-

dium (IURYN-M)-are given in Table 3; those for 
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deepwater rice are in Table 4. The best performing 
entries in the different observational nurseries are 
presented in Table 5. 

Nurseries for resistance or tolerance screen
ing. Tables 6 and 7 list the best performing entries in 
nurseries established for specific biotic and abiotic 
stresses. 

Detailed results and analysis of the various yield 
and stress-oriented nurseries are given in INGER 
annual nursery reports, published separately. 

Table 1. Best performing entries in the 11th Interna
tional Irrigated Rice Yield Nursery-Very Early, 18thIIRYN-E, and IIRYN-M, 1990. 

Designation Origin Days to Yield 
flowering (t/ha) 

- 1th IIRYN-VeryEarIy 
IR50404.57.2.2.3b IRRI 84 5.2 
IR53970-100-3-3-2 IRRI 86 4.9 
AT77"1b Sri Lanka 90 4.8 
IR50b IRRI 85 4.8 
IR39357-45-3-2-3 IRRI 84 4.7 
RP1442 -2-2 -3 -5-1b India 87 4.7 

18th IRYN-Early, 
S818b.10.2b Indonesia 92 5.2 
IR13429-150-3-2-1-2 IRRI 91 5.0 
0R79-21 India 89 5.0 
C702015 Taiwan (China) 89 4.9 
IR49457-33-1-2-2-2 IRRI 92 4.9 
IR52280-117-1-1-3 IRRI 90 4.9 

18th IIRYN-Modiu 
B3894.22C.78.Cb Indonesia 97 5.0 
BR736-20-3-1 Bangladesh 102 4.9 
IR49461-181-2-3-2 IRRI 105 4.9
IR49500.54.1.2.3b IRRI 98 4.9 
RP1551-13-22-1 India 103 4.9 
'Based on overall mean yield in26 trials. 'Also highlighted in 

previous years tests. Based on overall mean yield in 21 trials. 

aBased on overall mean yield in 10 trials. 

http:IR49500.54.1.2.3b
http:B3894.22C.78.Cb
http:S818b.10.2b
http:IR50404.57.2.2.3b


Table 2. Best performing entries in the 10th Interna- 
tional Rainfed Lowland Rice Yield Nursery, 1990. 

Designation Origin Days to Yield 
flowering (t/ha) 

IRL YN-Earlye 

IR461 IRRI 101 4.0 
BR51-315-4b Bangladesh 103 3.8 
IR29341-41-1 IRRI 102 3.8 
RD21h Thailand 100 3.8 
BR51-120-2b Bangladesh 104 3.6 

IRLYN-Medium' 
IR31662-34-1-2b IRRI 110 3.4 
BRC16-127-4-1 Bangladesh 105 3.3 
RP1641-123-16-3-1 India 112 3.3 
RP1491-24b India 111 3.2 

'Based on overall mean yield in 10 trials. bAlso highlighted in 
previous years' tests. 'Based on overall mean yield in 11 trials. 

Table 3. Best performing entries in the 16th Interna-
tional Upland Rice Yield Nursery, 1990. 

Designation Days to YieldDeO ofloweringnha) 

IURYN-Early' 
IET1444b India 79 2.3 
BR21 (BR1656-22-1)b Bangladesh 78 2.2 
B3619C-TB-8-1-4 Indonesia 80 2.2 
'Fella Hamsa India 78 2.2 
IR25890-82-5-3 IRRI 78 2.1 

IURYN-Medium, 
IR29429-B-3-B-1-4 b IRRI 98 2.3 
Makilingb IRRI 99 2.2 
IR27078-3-6 b IRRI 106 2.2 
KU82 Thailand 97 2.2 
B3622e-TB-5-4-4 Indonesia 90 2.1 

'Based on overall mean yield in 12 trials. 'Also highlighted in 
previous years' tests. 'Based on overall mean yield in 7 trials. 

Table 4. Best performing entries in the 3d International 
Deepwatar Rice Yield Nursery (IDRYN) at 2 test sites in 
2 countries, 1990. 
Designation Origin Days to Yield 

flowering (tlha) 

CR149-4156-226 India 132 4.1 
BKNFR78023-38-1K-1-1 Thailand 123 3.9 
RP2078-51-61 India 117 3.7 
IR11141-6-1-4 IRRI 130 3.4 
IR21074-53-P1-B-1-108 IRRI 127 3.0 

UTILIZATION OF 1990 NURSERY ENTRIES 
National rice improvement programs are actively 
utilizing INGER entries. In 23 countries, 857 entries 
were further evaluated in follow-up yield tests at 
state, national, or local levels, whereas 521 were 

Table 5. Best performing entries in the observational 
nurseries based on across-locations phenotypic ac
ceptability ratings, 1990. 

Designation Origin Daysto 
flowering 

18th International Irrigated Rice 
Observational Nursery' 

IR52350-3-3-2-1 IRRI 92 
IR48613-148-1-1-2 IRRI 95 
IR49517-57-2-3-6-2 IRRI 96 
IR48525-100-1-2 IRRI 103
IR49500-54-1-2-3 IRRI 103 
IR51673-50-2-1 IRRI 104 
IR39323-182-2-3-3-2 IRRI 110 

IR49461-144-2-1-2 IRRI 110 

13th International Ranfed Lowland Rice 
Observational Nursery' 

IR43022-6-3-1-3 IR,-1l 106 
IR28941-1-3-5-1-2 IRRI 107 
IR29341-15-2-1-1 IRRI 108 
IR43012-38-3-3-2 IRRI 109 

IR42241-76-2-2-2 IRRI 109 
B5332-13d-Mr-1-1 Indonesia 110IR31238-474-3-P1 IRRI 113 

CN836-3-10 India 115 

16th International Upland Rice 
Observational Nursery' 

B5592F-5-ST-32-12 !ndonesia 88 
BR1888-29-2-3-4 Bangladesh 88 
BR1890-10-2-1-1 Bangladesh 87 
IR26958-34-2 IRRI 95 
Cartuna (Acc. 10595) Indonesia 81 
YN91-42 Myanmar 98 

15th International Deepwater Rice 
Observational Ihirseryd 

Baish Bish (Acc. 45023) Bangladesh 110 
BKNFR81023-9-2-2-3 Thailand 125 
B5332-13d-Mr-5-1 Indonesia 126 
RP2078-81-53 India 131RP2078-21-103 India 114 

9th International Tidal Wetland 
Rice Observational Nursery' 

IR26702-25-1 IRRI 113 
IR31406-333-1 IRRI 110 
IR42207-65-2-3 IRRI 109 
FRG7-BR1 Bangladesh 110 

'Based on 59 trials. '21 trials. 129 trials. d13 trials. 'Based on 
phenotypic acceptability ratings at Myaung Mya and Muang,
coupled with tolerance for submergence at Los Bafos. 

used as parents in the breeding programs of 18 
countries (Table 8). The most frequently utilized 
entries are listed in Table 9. 

Because of their outstanding performane, IN-
GER entries ITA 150 and ITA257 from IITA were 

Networks 231 



Table 6. Best performing entries in the 1990 INGER biotic stress nurseries. 

Nursery, Trials 	 Entriesb 
(no.) 

IRBPHN 21 	 PTB33, BG367-2, IR32876-54-2-2-2, RP1579-1863-73-32-53, 
RP1579-1864-70-33-54, RP1785-75-3 2-2, RP2068-18-4-7, 
RP2068-18-2-11 

IRWBPHN 13 	 BG379-2, IR2035-117-3, RP2068-18-2-11, RP2068-18-4-7,
 
WC1240 (Acc. 13742)
 

IRSBN
 
" Vegetative 7 IR39357-133-3-2-2-2, IR39385-124-3-3-2-3, W1263
 

stage (Acc. 11057)

" Maturity 5 BR319-1, BR51-74-6/J1, IR35361-59-3-3-2
 

stage
 

IRBN 
" Leaf blast 47 	 IR32429-47-3-2-2, IR5931-1 13-1, CT6516-23-1-2,

CT6516-23-2-7, C711327, IRAT258, IRAT264, IRAT267, Iri 386, 
IR47686-9-1-B-1, IR47686-9-2-B, P3299F4-7, P5166F2-25-2, 
P5589-1-1-3P-3-6P, TKY 1024, Tetep 

" Panicle blast 9 	 Chokoto, IR21820-154-3-2-2-3, IR22082-41-2, IR31892-46-3-2, 
Makiling, DPI 1091-5, Totep, IR12665-7-1-3-6, IR14497-15-2,
P3299F4-7, P4728F2-25-3, RAU4072-46, RP2243-19-2, TKY1024, 
TM4865 

IRBBN 
" Field 27 Cisadane, IR22082-41-2, IR4442-46-3-3-3, RP2151-32-2-11-3, 

RP2151-192-1, RP2151-21-22, IRAT291 

" Greenhouse 5 1J1, IR54, Nigeria 5, IRAT291, IR29658-43-3-2-1, RP2151-192-1, 
RP2151-21-22, RP2151-32-2-11-3, RP2151-64-3-1-1 

IRTN 
" Field 5 ARC10342, ARC11554, Habiganj DW8, IR24632-145-2-2-2-3, 

Pankhari 203, Utri Merah (Acc. 16682)
" Greenhouse 3 	 ARC10342, ARCl1554, Habiganj DW8, Pankhari 203,

Utri Merah (Acc. 16682), DWA8, Ketaribhog, Utri Rajapan
(Acc. 16684) 

"IRBPHN - International Rice Brown Planthopper Nursery, IRWBPHN = International Rice Whitebacked 
Planthopper Nursery, IRSBN = International Rico Stem Borer Nursery, IRBN = Internationai Rice Blast 
Nursery, IRBBN =International Rice Bacterial Blight Nursery, IRTN = International Rice Tungro Nursery.
bEntries in boldface were also highlighted in previous years' tests. 

released as varieties in Cambodia in 1991. The 
former was named Sita and the latter Rimke. 

1991 NURSERY DISTRIBUTION 
A total of 856 sets of 25 types of INGER nurseries 
(13 for ecosystem types and 12 for stress tolerance) 
were composed and distributed to 49 countries: 665 
nursery sets were sent to 18 countries in Asia, 29 to 
3 countries in West Asia and North Africa, 83 to 14 
countries in Sub-Saharan Africa, 62 to 9 countries in 
Latin America, 6 to 3 countries in Europe, and 11 to 
2 countries in Oceania. A total of 1,927 nursery 
entries w..-re distributed around the world (Table 10). 

MONITORING VISITS AND PLANNING MEETINGS 
The 1991 m initoring tour to eastern India and Bang
ladesh with z focus on boro rice, and the deepwater 
rice traveling workshop to Bangladesh, India, and 
Thailand organized by INGER further strengthened 
linkages among rice scientists. The boro rice visiting 
team recommended the initiation of a regional INGER 
boro nursery in view of the potential and opportuni
ties for raising yields in that season. The INGER 
advisory committee, composed of rice scientists 
from 15 countries, met in Dhaka, Bangladesh, 2-4 
Dec 1991 to review the results of the 1990-91 trials 
and formulate the network plans for 1992. 

The observations and recommendations relative 
to the monitoring tour and meeting are published 
separately. 
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Table 7. Best performing entries in the 1990 INGER abiotic stress nurseries. 

Nursery, Trials
(no.) 

Entriesb 

Soils 
IRSTON 

" Salinity 5 IR28909-2-0-1, IR51491-AC-4-6, IR51491-AC-4-7, 1R51500-AC-1 1-1, 
Nona Bokra, Pokkali, WAR72-M6-3-1 

"Alkalinity 1 CAC703, CSR9, IR51491-AC-4-6, iR68, ITA230, 
KKN7205-35-1-SKN-1-1 

"Saline-sodic 2 C. R10, CSR12, CSR13, CSR9, IR51500-AC-11-3 
IRALON 

Temperature 
IRCTN 

Moisture 
IRDTN 

4 	 F\.1309-4, BW85, B3240-Eng 4, IR29137-16-1-6, ITA245, Tetep 

33 	 IR15569-22-2-3-2-2-3-1-1-3, IR18482-PIp3-1-2-1-1-1, PD453, 
Yun Geng 9 (Acc. 61860), HP5247-Plp-1-1-2, 
IR18482-Plp3-2-3-4-1-1, IR25425-Plp9-1, Hai 8 (Acc. 47561) 

8 	 IR47686-6-1-2, IR47686-6-2-2-1, Kinandang Patong,
 
TOX906-67-1-1, Carijo, IR47686-4-4-B-1, IR47686-6-2-1-1,
 
IR47686-31-1-1, IR47686-6-1-1, IR47686-8-4-3
 

°IRSTON =International Rice Salinity Tolerance Observational Nursery, IRALON =International Rice Acid 
Lowland Observational Nursery, IRCTN = International Rice Cold Tolerance Screening Nursery, IRDTN 
= Internatioral Rice Drought Tolerance Screening Nursery. 'Entries in boldface were also highlighted In 
previous years' tests. 

INGER IN LATIN AMERICA 

The INGER-Latin America network continues to 
strengthentheexchangeofinformationongermplasm 
development and performance. Activities during the 
period were planned along the general guidelines 
established by the second meeting of the Steering 
Committee of INGER-Latin America held in Con-
cepcion del Uruguay in March 1990. 

A total of 102 nursery sets were distributed in 
1990. Ten fines from the observational nursery per-
formed well throughout the region and were selected 
in at least 50% of the locations (Table 11). Materials 
nominated by national programs have been increas- 
ing, representing one-fourth of the total entries dur-
ing 1989-91. Of the 36 cultivars released in Latin 
America during 1989-90, 21 were obtained from 
introduced populations. That indicates the impor-
tance of germplasm exchange. 

The following were organized by INGER-Latin 
America in 1991: 
* 	 Fourth Germplasm Evaluation and Selection 

Workshop for Central America and Mexico, in 
Culiacan and H. Cardenas, Mexico, 4-9 Nov 
1991. 

[ Eighth International Rice Conference for Latin 
America and the Caribbean, in Villahermosa, 
Tabasco, Mexico, 10-16 Nov 1991. 

INGER IN AFRICA 

INGER-Africa is in the process of reformulating its 
future activities as well as its target rice areas in 
Africa in consultation with concerned institutes, 
including West Africa Rice Development Associa
tion. 

Results of 1990 INGER-Africa nurseries were 
received and analyzed in 1991. Promising entries for 
different environments and stresses are listed in 
Table 12. Detailed analysis of the results is presented 
in the annual nursery report for INGER-Africa. 
INGER-Africa facilitated the release of 34 varieties 
originating from 6 African countries and 49 from 
outside Africa in 22 African countries. Several ITA 
lines were released in Nigeria in 1991 (ITA 117, 
ITA 150, 1TA230, ITA257, IfA30 1,and ITA315). A 
total of 361 sets of 10 INGER-Africa nurseries were 
composed and distributed to 32 countries in Africa. 

Analysis of results of multilocation irrigated rice 
yield trials at 20 test sites revealed a highly signifi
cant interaction between genotype and environment. 
The study confirmed that selected genotypes from 
Asia will be extremely useful in the irrigated ecosys
tem in Africa. The appropriateness of the three-tier 
testing approach in composing the entries for ad
vanced trials was also confirmed. 

A total of 1,253 entries were evaluated for blast 
reaction under upland conditions at the International 
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Table 8. Utilization of 1990 INGER nursery entries. 

For yield testing 
Region, country For 

hybridization Local State National 

East Asia 
China 122 62 33 11 
Japan 1 - -

Korea 21 1 9 
Taiwan 39 - -

Southeast Asia 
Cambodia 9 95 88 
Malaysia 4 11 - -
Myanmar 
Philippines 
Thailand 

47 
58 

345 

207 
130 
138 

15 
-
- -

Vietnam 73 54 33 2 

South Asia 
Bangladesh 
India 

69 
155 

368 
300 

-
81 

8 
-

Nepal 
Pakistan 

55 
25 

30 
116 

20 
-

19 
-

Sri Lanka 39 21 - -
West Asia and North Africa 

Egypt 
Iran 

123 
29 

-
48 

-
-

39 
-

Sub-Saharan Africa 
Nigeria - 6 -
Rwanda 19 - -

South Africa - 7 7 
Tanzania 21 - -

Latin America 
Colombia - 21 
Dominican Republic
Mexico 8 

-
11 

-
25 

116 
-

Europe 
Spain 13 - -

Total 1222 1651 214 320 

Institute of Tropical Agriculture. Many genotypes Subprogram I: Crop and resource 
adapted to African and Latin American environ- management networks 
ments, mainly for upland culture, were resistant and 
would serve as good sources of durable blast resis- International Network on Soil Fertility 
tance. and Sustainable Rice Farming 

The following workshops and monitoring visits (INSURF) 
were organized in Africa in 1991: 
[ Monitoring visit to Burundi, 24 May-2 June. The International Network on Soil Fertility and 
" Rice in Africa workshop, WARDA, Bouake, Sustainable Rice Farming (INSURF) focuses on 

30 September-3 October. sustainable rice-based farming systems and devel
opment of an integrated and holistic approach to soil 
nutrient management. INSURF puts emphasis on 
integrated nutrient management and long-term fer
tility studies that aim to increase productivity and 
maintain soil health at a minimum cost without 
adverse effects on the environment. Research work 
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Table 9. 1990 INGER nursery entries most frequently included in nationr follow-up trials. 

Entry 

AT77-1 

BG989 

BR1890-10-2-1-1 

BR802-104-1-2-1 

B3894-22C-78-5 

C702015 
DR34-PD6-PD4-PD2 
Duansan 
Hua Lien Yu 124 
IRAT 118 

IR25425-PLP9-1 
IR25898-69-2-2 
IR31785-58-1-2-3-3 

IR35366-28-3-1-2-2 

IR35366-62-1-2-2-3 

IR36 
IR39323-182-2-3-3-2 

IR39357-45-3-2-3 

IR39357-71-1-1-2-2 

IR41054-81-2-3-2 

IR42000-211-1-2-2-3 

IR43012-38-3-3-2 

IR47761-27-1-3-6 
IR49457-33-1-2-2-2 
IR49461-144-2-1-2 

IR49500-54-1-2-3 
IR50363-8-1-1-3 
IR50404-57-2-2-3 
IR51673-172-1-3 

IR52280-117-1-1-3 


IR52297-64-3-2-2 
IR52350-3-3-2-1 
IR53301-133-1-1-2 

IR53910-147-3-2-1 

IR53970-100-3-3-2 

R54742-13-29-12-9-2 
IR68 
Luke 3 
OR79-21 
RP1442-2-2-3-5-1 

RP1699-26-1-1 
RP1832-23-3-4 
RP2086-74-6-1 
S818B-10-2 
Tainung Sen Glutinous 2 

Origin 

Sri Lanka 
Sri lanka 
Bangladesh 
Bangladesh 
Indonesia 

Taiwan (China) 
Pakistan 
China 
Taiwan (China) 
Madagascar 

IRRI/India 

IRRI 

IRRI 

IRRI 

IRRI 


IRRI 

IRRI 

IRRI 

IRRI 

IRRI 


IRRI 

IRRI 

IRRI 

IRRI 

IRRI 


IRRI 

IRRI 

IRRI 

IRRI 

IRRI 


IRRI 

IRRI 

IRRI 

IRRI 

IRRI 


IRRI 
IRRI 
China 
India 
India 

India 

India 

India 
Indonesia 
Taiwan (China) 

Nursery, 

IIRYN-VE
 
IIRON
 
IURON 
IIRON
 
IIRYN-M
 

IIRYN-E
 
IIRYN-M, IIRON
 
IIRON
 
IIRON
 
IRCTN 

IRCTN
 
IIRYN-E
 
IIRYN-VE, IRBN
 
IIRYN-M, IIRON
 
IIRYN-E
 

IIRYN-E 
IIRYN-M, IIRON 
IIRYN-VE, IRBN, IRBBN, IRWBPHN 
IIRON
 
IRLON
 

IIRYN-VE
 
IRLON
 
IIRON 
IIRYN-E
 
IIRON
 

IIRON
 
IIRYN-VE
 
IIRYN-VE
 
IIRON
 
IIRYN-E
 

IIRON 
IIRON 
IIRON 
IIRON 
IIRYN-VE 

IIRON 
IRLON, IRSTON 
IIRYN-E 
IIRYN-E, IIRON 
IIRYN-VE, IRCTN 

IIRYN-E 
IIRYN-E, IIRON 
IIRYN-VE, IIRON 
IIRYN-E 
IIRYN-E, IRBBN 

'IIRYN-VE = International Irrigated Rice Yield Nursery-Very Early, IIRYN-E = carly, IIRYN-M - medium,IIRON = International Irrigated Rice Observational Nursery, IURON =International Upland Rice Observational Nursery, IRCTN = International Rice Cold Tolerance Nursery, IRBN = International Rice BlastNursery, IRBBN = International Rice Bacterial Blight Nursery, IRWBPHN =International Rice WhitebackedPlanthopper Nursery, IRLON = International Rainfed Lowland Rice Observational Nursery, IRSTON =International Rice Salinity Tolerance Observationnl Nursery. 
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Table 10. Origin and types of entries in the 1991 INGER nurseries dispatched from IRRI. 

Entries (no.) sent to 
Sets 

Nursery, dispatched 
(no.) 

Entries 
(no.) National 

International centers and organizations 

program IRRI CIAT IITA IRAT IRGC 

IIRYN-VE 58 18 10 8 -

IIRYN-E 
IIRYN-M 
IIRON 

42 
28 

101 

25 
17 

166 

17 
11 

106 

a 
4 

44 
2 

13 
-

3 

IRLYN-E 
IRLYN-M 
IRLON 

17 
13 
48 

21 
21 

170 

19 
18 
93 

2 
3 

65 
-

-

- -

11 

IURYN-E 19 15 15 - -

IURYN-M 
IURON 

20 
56 

19 
173 

8 
100 

9 
37 

1 
6 

1
3 11 16 

IDRYN 
IDRON 
ITRON 

16 
28 
8 

19 
106 
20 

17 
58 

-

2 

47 
18 

-

-

-

-

-

-

-

-

-

-

1 
2 

IRCTN 
IRSTON 
IRALON 
IRDTN 

63 
63 
18 
34 

106 
43 
16 
80 

89 
27 

5 
28 

7 
14 

9 
46 

-

-

-

2 

-

-

-

-

-

-

-

1 

10 
2 
2 
3 

IRBN 
IRBBN 
IRTN 

79 
40 
22 

364 
138 
110 

225 
65 
54 

76 
56 
39 

21 
-

1 
-

6 
7 
4 

35 
10 
13 

IRBPHN 
IRWBPHN 
IRSBN 
IRGMN 

37 
23 
26 

9 

105 
66 
51 
20 

66 
24 
19 
9 

20 
30 
30 
9 

8 
-

-
-

11 
12 
2 
2 

IRUN 9 38 34 4 - - - -

Total 867 1927 1117 587 45 5 38 135 

= -Early, IIRYN-M = -Medium,oIIRYN-VE = Intarnational Irrigated Rice Yield Nursery-Very Early, IIRYN-E 
IIRON = International Irrigated Rice Observational Nursery, IRLYN-E = International Rainfed Lowland Rice 

Yield Nursery-Early, IRLYN-M = -Mediun, IRLON = International Rainfed Lowland Rice Observational 
Nursery, IURYN-E = International Upland Rice Yield Nursery-Early, IURYN-M = -Medium, IURON = 

International Upland Rice Observational Nursery, IDRYN = International Deepwater Rice Yield Nursery, 

IDRON - International Deepwater Rice Obsovational Nursery, ITRON =International Tidal Wetland Rice 

Observational Nursery, IRCTN = International Rice Cold Tolerance Nursery, IRSTON = International Rice 

Salinity Tolerance Observational Nursery, IRALON =International RiceAcid Lowland Soils Observational 
= International RiceNursery, IRDTN = International Rice Drought Tolerance Screening Nursery, IRBN 

Blast Nursery, IRBBN = International Rice Bacterial Blight Nursery, IRTN = International Rice Tungro 
Nursery, IRBPHN = International Rice Brown Planthopper Nursery, IRWBPHN = International Rice 

Whitebacked Planthopper Nursery, IRSBN = International Rice Stem Borer Nursery, IRGMN = Interna
tional Rice Gall Midge Nrusery, IRUN = International Rice Ufra Nursery. 

on less favorable ecosystems such as strongly acid b) long-term fertility trial in different rice ecosys

uplands is also given emphasis. tems, and c) soil fertility management of strongly 
acid upland soils (pH <5) for rice. 

COLLABORATIVE RESEARCH TRIALS 

During the 1990-91 cropping seasons, about 30 INTEGRATED USE OF INORGANIC AND ORGANIC 

NITROGENcollaborating scientists from 10 countries partici-
pated in the following network collaborative re- The integrated nutrient management trials in differ

search trials: a) integrated use of inorganic and ent rice ecosystems focus on generating appropriate 

organic N fertilizers in different rice ecosystems, and economically feasible technologies that involve 
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Table 11. Entries most commonly selected from the 1990 Latin American observational 
nursery for advanced trials. 

Designation Days to Yield 
flowering (t/ha) 

IR54751-1-19-13-17-3 

IR54751-4-22-10-17-3 

CT8008-3-12-3P-M-1P 
CT8008-16-29-3P-M-2P 
CT8455-1-13-1-M-2P 
CT8470-22-13-1-M-4P 
IR39485-151-2-1-3 
IR54742-18-17-20-15-2 
CT8249-2-7-2-M-1P 
CT8470-26-11-4P-MI-4P 

International checks 
Cica 8 
Oryzica 1 

99 4.1 
87 4.6 
85 6.6 
93 5.8 
79 3.9 
77 5.6 
84 4.2 
97 4.7 
86 4.8 
90 5.2 

96 5.2 
89 5.6 

inorganic N combinations with azolla, rice straw, 
green manure (GM), and other biofertilizers. Yield 
stability and their long-term effects on soil proper-
ties are primary considerations in evaluating the 
technologies. 

Irrigated lowland rice. First in series. As of 
1991, 77 trials at 16 sites in 8countries had evaluated 
the effectiveness oforganic N sources such as azolla 
and rice straw in combination with inorganic N 
fertilizers, 

The average yield response ofirrigated rice shows 
that prilled urea aitd urea supergranules combined 
with either azolla or rice straw were equally or 

Yield increase (tlha) over control 
3.5 

Dry season 
(av of 29 trials)

av control yield:3.3 t/ha
2.5 

1.5 

0.5 

0.0 
H-PU -H-USG -H 

BS + azolia + straw DP + azolla + straw 

Reaction to 

Blast Narrow Leaf Brown Grain dis
brown 

leaf spot 
scald spot coloration 

3 3 1 0 5 
3 3 2 1 6 
1 
3 

3 
1 

2 
5 

9 
5 

3 
5 

1 1 2 3 7 
1 
3 

1 
3 

1 
1 

7 
5 

7 
5 

3 
3 
3 

1 
1 
5 

1 
2 
1 

5 
9 
0 

3 
5 
7 

5 3 4 5 3 
7 7 7 9 8 

slightly more effective than were pure inorganic 
fertilizers at two N rates (Fig. 1). In general, yield 
increases over the control forthe fertilizer treatments 
werecomparable.Azollaprovedtobeabettersource 
of N than rice straw. Materials with wide C:N ratio 
like rice straw may depress yield because of partial 
immobilization cf N. 

Second in series. Fifteen trials were conducted at 
18 sites in 5 countries in 1991, bringing the total 
number of trials in the second integrated nutrient 
management in irrigated rice from 29 in 1990 to 44. 

Results suggest that the organic N sources are as 
effective as the equivalent amount of inorganic N 

M 53 kg N/ha Wet season 
(av of 43 trials)U 87 kg N/ha av control yield: 3.2 f/ha 

-PU -H-USG -
BS + azolla + straw DP + azolla +. straw 

1. Average yield responses of irrigated rice to 2 rates of N applied as inorganic fertilizer alone or combined with organic 
sources. First international trial on integrated use of inorganic and organic N fertilizers in irrigated rice, 1984-91. PU BS 

best split urea, USG DP = deep placed urea supergranules. 
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Table 12. Promising entries in Africa based on 1990 
INGER-Africa nurseries. 

Nursery, 	 Entries" 

AIRAT 	 IR28128-45-3-3-2, ITA302, ITA304, 
S4998-28, TOX960-42-1 

AIRON 	 FARO 31, IR24632-145-2-2-2-3, 
IR24632-206-3-2-2, IR35546-17-3-1-3, 
DR33-PD5-PD2-PD4-PD1, 
ECIA36-2-2-1-4, TOX3093-10-2-3-2-3, 
TOX3098-12-1-1-1, TOX3133-59-1-2-4-1, 
TOX981-11-2-3 

AIRPSS 	 BR716-7-2-1-1, BR827-35-2-1,
DAK83-99-27-3, FAROX315-2-2,RP1125-3-2-1, TOX3098-3-1-1-5, 
KKN7205-45-2-SKN-1-1, MK14-87, 
TNX309-66-2-1 -barnyard 
TOX3069-66-2-1 

AURAT 	 IDSA10 (IRAT262), IDSA16 (IRAT 
268), IRAT112, ITA130, ITA301, M55 

AURON 	 1R14632-2-3, TGR68, TGR78, 
TOX1010-6-9-3-201, TOX1768-3-1-1-
101-1, TOX1889-4-101-1-1-2 

AURPSS 	 IDSA10 (IRAT262), IRAT239 (IREM
779), IRAT240 (IREM 950), lRAT269, 
CNA6246, CNA6647, CNA6680, 
CNA6698, IDSA3 (IRAT213) 

ARLRESS 	 B4354G-PN-75, 8R51-282-8-HR83, 
CR213-1002, IET6279, IR33461-39-3, 
IR41111-13-1-1-2, IR45411-40-2-1, 
IR46375-CPA-19-3-1, OR143-7, 
RP1057-391-1 

ARBN 	 ITA120, IRAT124, IRAT147, ITA1 17, 
IR1552, ITA311, ITA323, Mallika (Sel), 
ROK16, TOX1010-6-9-3-201, 
TOX1011-4-A2, TOX1854-101-1, 
TOX1855-102-10-1, TOX955-208-2-102 

IAIRAT = African Irrigated Rice Advanced Trial, AIRON =African 
Irrigated Rice Observational Nursery, AIRPSS = African Irri-=gated Rice Preliminary Screening Set, AURAT African Upland 

Rice Advanced Trial, AURON = African Upland Rice Observa-
tional Nursery, AURPSS = African Upland Rice Preliminary 

=African Rainfed Lowland Rice Evalu-
Screening Set, ARLRESS 

ation and Screening Set, ARBN = African Rice Blast Nursery. 

'Entries in boldface were also highlighted in 1989. 


source. Organic N sources contribute to the effi-
ciency of the inorganic N fertilizer as shown by 
higher yields when they were applied in combina-
tion. The reason migt be the slow but prolonged 
supply of N from the organic source which supplies 
the needs of' the rice plant during the period when 
inorganic N is not available. Results also show that 
a variety of alternative N sources can be tapped to 
supplement the expensive chemical fertilizer used in 
rice production. 
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Table 13. Grain yield of rainfed upland rice from treat
ments with integrated inorganic and organic N fertil
izer. 

Grain yield 
Treatment' 

1988 1989 1990 1991 

Control 1.8 cd 2.7 bc 0.7 a 1.0 a 
PU 2.5 b 3.2 ab 0.3 a 1.2 a 
AS 2.9 a 3.0 ab 0.5 a 1.3 a 
PU + GM1 2.2 bc 2.8 bc 0.6 a 1.1 a 
PU + GM2 2.4 b 3.4 a 0.7 a 1.3 a 
PU + BM 2.4 b 2.9 bc 0.7 a 1.4 a 

PU + GM3 2.6 ab 3.2 ab 0.4 a 1.2 a 

INrate = 60 kg/ha. PU =prilled urea, AS =ammonium sulfate, 
GM1 = cassia, GM2 =gliricidia, GM3 = sunflower leaves, BM = 

manure (poultry). All organic fertilizers were incorpo
rated before planting, inorganic fertilizerswere applied in splits. 

Rainfed lowland trial. Gliricidia sepium, 

Sesbania rostrata, and poultry manure were evalu
ated as potential source of supplementary N in rain
fed lowland rice in five trials (1987-91 wet season 

IWSI) in Bacnotan, La Union, Philippines. The or
ganic sources contributed as much as 48 kg N/ha, 

which comprised two-thirds of the total N applied. 

Organic N sources were applied basal while inor
ganic N were topdressed. 

Results showed that inorganic and organic N 
as the inorsource combinations were w, !ffective 

ganic fertilizers applied alone. All the organic N 
sources tested were found to be comparable N alter

natives that 	could supplement N required under 
rainfed lowland condition. 

Rainfed upland trial. The rainfed upland trial 

consists of seven treatments involving the use of 
inorganic N fertilizer, alone or in combination withNfriieaoeo ncmiainwt 

organic sources as GM or barnyard manure (BM) 
(Table l3). For combinations, one-half of the ap

plied N came from organic sources and the rest, from 
prilled urea. Results from 1988 and 1989 show that 

the organic N sources canl partially substitute for the 
total N requirement of the crop. Grain yields ob
tained from plots fertilized with inorganic N fertiliz
ers were significantly higher than that of the control 
and similar to those with inorganic-organic fertilizer 
N combinations. No N response was observed in 
1990 and 1991 because drought and blast disease 
occurred during the reproductive stages of the crops. 

LONG-TERM FERTILITY TRIALS IN IRRIGATED RICE 

The long-term fertility trials seek to generate infor
mation on the long-term consequences of continu



ous chemical fertilizer and combined organic and 
inorganic fertilizer applicatioi under intensive crop-
ping on soil health and productivity. 

First in series. This ti ial, begun in 1976, monitors 
fertility changes in soil under intensive rice cropping 
and continuous application of N, P, K fertilizers and 
other limiting nutrients such as S and Zn. By 11991, 
a total of 263 trials had been conducted at 24 sites in 
13 countries. However, only nine sites-four in 
China, two each in Indonesia and the Philippines, 
and one in India-are ongoing. 

China. Results over 8 yr of long-term fertility 
trials in Guanshanping and Shipai and 10 yr in 
Jinxian show that yields in different treatments var-
ied greatly with climate changes within and over the 
years. Yield in control plots decreased considerably 
with time. Treatments with N had similar yields, 
which were higher than those of the control and the 

Grain yield (t/ha) 

k N toDry season 

ANP 

4 -' 

3 

2 __ _I __ _I_ __I_ __ ___ __ __ __ r 

1982 1984 1986 1988 1990 


rest of the treatments without N. N is still the most 
limiting nutrient element in all the sites in China. 
Rice grain yield did.not decline significantly with the 
application of N fertilizer alone in 8-10 yr of inten
sive cropping and continuous chemical fertilizer 
application (Fig. 2,3). No cumulative effectiveness 
was obtained from chemical fe:tilizersapplied either 
alone or in combinations. Fertilizer efficiency has 
not been observed to decrease with the continuous 
use of chemical fertilizers. 

Inhia. Intensive cropping with application of 
only N or NK fertilizers resulted in conspicuous 
yield decline over the years in Pantnagar (Fig. 4). 
This was apparently due to the depletion of soil 
nutrients. Soil analysis showed that available P, 
which was 9 ppm initially in 1984, had dropped to 
7ppmin 1988. TheyieldswithNPKandNPK+Zn, 
on the contrary, were maintained at high levels 

Wet season 

I I 

1982 1984 1986 1988 1990
 
2. Long-term grain yield trends for nonfertilized and fertilized plots in Shipai, Guangdong, China. First long-term feitility 
trial in irrigated lowland ricz, 1983-90. 

Grain yield (t/ha) 

Dry season Wet season 

;980 1982 1984 1986 1988 1990 
 1980 1982 1984 1986 
 1988 1990
 
3. Long-term grain yield trends for nonfertilized and fertilized plots in Jinxian, Jiansxi , China. First long-term fertility
trial in irrigated lowland rice, 1981i-90. 
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4. Long-term grain yield trends for nonfertilized and 5. Loag-terni grain yield trends for nonfertilized and 
fertilized plots in Pantnagar, Uttar Pradesh. India. First fertilized plots in Pantnagar, Uttar Pradesh, India. Second 

international long-tenn fertility trial in irrigated lowland international long-term fertility trial in irrigated lowland 

rice, 1984-90. 	 rice, 1987-90. 

Table 14. Changes in some chemical properties of soil" rice cropping and chemical fertilizer application 
in Maros, South Sulawesi, Indonesia, after 10 yr of (Table 14). Soil pH, organic matter content, and 
continuous chemical fertilizer bpplication and rice crop
pings. Long-term fertility trial in irrigated lowland rice, available P substantially dropped in all treatments. 
1977-87. Second in series. Flhe second long-term fertility 

Treatment pH Organic Total N Available P trial for irrigated rice ecosystem was initiated in 

(1:1) 	 matter (%) (%) (ppm) 1987. This trial includes treatments on inorganic and 

1977 _ _ organic fertjizer combinations and site-specific 

6.4 11.5 0.24 10.8 problems. As of 1991,30 trials had been conducted 

1987 at I I sites: 3 in India; 2each in Indonesia, Myanmar, 
Chec,. 5.3 5.5 0.18 2.1 and Pakistan; and I each in Malaysia and Nigeria. 
N 5.1 6.4 0.23 3.0P 5.3 6.0 0.21 4.0 Four WS trials conducted in Pantnagar, India, 

K 5.2 6.0 0.21 3.6 showed that farmyard manure (FYM) in combina-
NP 5.3 6.3 0.21 3.3 tion with NPK enhanced grain yield (Fig. 5). Yields 
PK 5.3 6.2 0.21 2.7 from treatments with N were maintained at a highNK 5.2 6.2 0.21 3.6 

NPK 5.1 6.2 0.21 3.9 level.
 
NPK + Zn 5.3 6.1 0.21 3.6 In Indonesia, average grain yield from four trials
 

'Texture: silty clay with 44% clay, 11% sand, and 44% silt. conducted at the Lanrang and Maros sites showed 
that N was the key nutrient element in increasing 
yield.At both sites, NPK +F'. i showed promise for 

(above 7 t/ha). Continuous application of Ptogether increasing yields. The grain yield trend of nonfertil
with N, K, and Zn was found to maintain high crop ized plots in Lanrang showed declining yields with 

productivity over the years in Pantnagar. time. However, this observation was not evident in 
Indonesia. Yield response to fertilizer N was Maros. 

significantly higher than that to P and K applied In Myanmar, results of four WS :rials in Kyaukse 
either singly or in combination at the sites in Lanrang showed gradually decreasing grain yield trends for 

and Maros. Results show that N played the most both fertilized and nonfertilizedplots. Average grain 
important role in increasing rice grain yield. It is yield of treatments involving N from the four trials 

foreseen, however, that yield will decrease in the did not differ significantly. FYM and nutrient ele

long run in plots given N fertilizer alone because of ments other than N play important roles in increasing 
the depletion of P, K, and other micronutrients. rice grain yield with time. N alone is not enough to 

Some changes in the properties of an Inceptisol maximize yield increase at this site. 
soil in Maros were observed after 10yrof continuous 
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SOIL FERTILITY MANAGEMENT FOR STRONGLY 

ACID UPLAND SOILS (PH <5) 
Trials on soil fertility management for strongly acid 
upland soils have been ongoing at different sites 
since 1984. These trials with common treatments 
aim to determine the proper management techniques 
with regard to lime and P fertilizer source for in-
creased upland rice yield. Another objective is to 
determine if lime and P fertilizers applied to rice 
would have any residual effect on the second crop. 

Results from initial trials show that upland rice 
had no response to lime application and little to P 
fertilizers. The same was true forcowpea, which was 
planted as a second crop. Apparently, there was a 
cumulative treatment effect because yields of both 
rice and cowpea improved with time in all fertilized 
plots except during drought. The combination of 
lime and P fertilizer consistently showed the highest 
yields for both crops, especially at the Cavinti site. 

In 1991, sites in the Philippjines were reduced to 
two-Cavinti in Laguna. and Minsacuba, a barrio in 
Claveria, Misamis Oriental-for bettermanagement 
of the trials. For the Cavinti trial, yield potential for 
each plot was not realized because of disease pres-
sure (rice blast) and drought during the reproductive 
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stage. Therefore, accumulated dry matter (DM) at 
40 d after emergence (DE), rather than grain yield, is 
presented in Figure 6. In terms of DM, the best 
treatment was acombination of 36 kg P/ha as triple 
superphosphate (TSP) and 1.5 t lime/ha. In general, 
plots treated with TSP in combination with lime and 
those treated with highei rates of phosphate rock 
(PR) gave DM yields that were significantly higher 
than that of the control. The rest of the treatments-
TSP and lime applied singly and at different rates, 
fused magnesium phosphate (FMP), and PR at 18 kg 
P/ha-were not different from the control. Grain 
yield responses to the different treatments during 
seasons with suffiCicnt rainfall were similar to these 
results. Dry matter yield of cowpea at 40 DE fol
lowed the same pattern as that of rice for all the 
treatments. Compared with rice, however, cowpea 
responded more to the residual TSP and lime com
bined as observed from their DM at 40 DE. 

Inthe case ofthe M insacuba, Claveria site, drought 
was also experienced during the reproductive stage 
for tile rice crop. For this reason, grain yields 1991 
were low and the treatments did not significantly 
differ. However, the preceding cowpea crop had 
sufficient rain during the season and treatment ef

ab 

b b 

bc 

bd 
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TSP Lime TSP + 0.75 lime TSP + 1.5 lime FMP PR 

Treatment 

6.Rice dry matter at 40 DE in Cavinti, Laguna, Philippines, 1991. TSP = triple superphosphate,
FMP = fused magnesium phcsplhte, PR =phosphate rock. Lime rate is in t/ha; P rate in kg/ha. 
Bars with common letters are not significantly different at the 5% level by DMRT. 
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fects were observed. Cowpea grain yield harvested 
in January 1991 is presented in Figure 7. The residual 
effect of the treatments is shown by the higher yields 
from plots treated with lime either singly or in 
combination with TSP. As at the Cavinti site, PR at 
higher rates gave yields comparable with those from 
TSP and lime combinations, 

These results strongly suggest that for both sites, 
lime must be applied to the rice crop to get a good 
head start. Higher rates of PR showed improvement 
with time and are now comparable with the P and 
lime combination. For Cavinti, TSP must be added to 
lime to get good yields while for Minsacuba, lime 
alone may be a sufficient soil additive to increase 
yield. Barring the effects of adverse weather condi-
tions and pest and disease pressure, it may be ex
pected that fertijizers and lime applied to rice will 
have a carry-over effect on the following crop. 

MANAGEMENT OF OTHER NUTRIENTS 

Long-term sulfur fertility trial. The effect of con-
tinuous application of high analysis fertilizers-
urea, TSP, and potassium chloride with and without 
S or Zn--on rice grown in a clay soil on the IRRI 
farm was evaluated in a long-term fertility trial. In 
the 19th (1991 dry season [DS]) cropping season, 
yield responses to NPK alone were comparable with 

Grain yield (t/na)
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those to NPK + Zn, NPK + S, NPK + S + Zn 
combinati.,is, and were significantly higher than 
those from Zn alone and the control (Fig. 8). Despite 
application of high-analysis fertilizers containing 
almost no S, S deficiency was not apparelit. It is 
believed that S content (2.3 ppm) of irrigation water 
on the IRRI farm is enough to sustain rice crop needs. 

N continued to be the major limiting nutrient at 
this site. Addition of Zn alone or other nutrient 
elements without N was not beneficial. The observed 
yearly ,ctuationsin yield werepartlyduetochanges 
in rice varieties planted and adverse weather condi
tions. 

INSURF subnetworks 

In 1991, the subnetworks became ecosystem- or 
subecosystem-based. Lead centers that are not eco
system-based are now considered resource centers. 
The following are INSURF resource centers and 
subneiworks: 1) Azolla Resource Center, NARC, 
China; 2) Green Manure Resource Center; TNAU, 
India; 3) Sulfur and other Micronutrients Resource 
Center, PhilRice/UPLB, Philippines; 4) Resource 
Center on Direct-Seeding, MARDI, Malaysia; 5) 
Acid Upland Subnetworks, SARIF, Indonesia; 6) 
Infertile Rainfed Lowland Subnetwork, LDD, Thai
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7.Cowpea grain yield at Minsacuba, Claveria, Misamis Oriental, Philippines, 1991. Bars with 
common letters are not significantly different at the 5%level by DMRT. 
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8. Grain yield trends over 9 yr of 7 treatments during dry seasons in Block 421-A, IRRI farm. Long-term sulfur fcrtility
trial in irrigated rice, 1987 91. 

land; and 7) Favorable Rainfed Lowland Subnet-
work, SURIF, indonesia. 

SITE VISIT AND PLANNING MEETING 
The INSURF site visit and planning meeting, a 
biennial activity of the network, was held in Indone-
sia 26 Feb-10 Mar 1991. Thirty-four scientists repre-
senting 12 countries and 23 research organizations 
participated in the 7-d site visit and 4-d planning 
meeting. During the meeting, the following deci-
sions were made: 
is Subnetworks will be ecosystem and subecosys-

tem-based. Lead centers that are not ecosystem-
based will be considered resource centers. 

* 	 Roles of'subnetwork and resource center coordi-
nators were identified and discussed. 

I ex-Subnetworks will focus more on long-term 
periments to address sustainability problems. 

* 	 Standard and optional treatments to be imple-
mented by the subnetwork lead centers and satel-
lite sites were formulated and agreed upon. 

* 	 Methodologies in data gathering, processing, and 
report preparation were standardized. 

" 	 Minimum data sets useful in simulation modeling 
were identified and will be collected in all IN-
SURF trials. 

0 Control 
0 ControlNPK+Zn
0NPKE3Zn 

N 	The INSURF newsletter will be initiated and 
released biannually at IRRI headquarters. 

INSURF NEWSLETTER 
The INSURF newsletter Netwatch facilitates effi
cient information flow within the network. The first 
issue was released in August 1991. Succeeding is
sues will be released biannually at IRRI headquar
ters. Materials for publication are solicited from 
network collaborators. 

Asian Rice Farming Systems Network 
(ARFSN) 

The main objective of the network is to identify more 
productive rice-based farming systems in different 
rice ecologies acceptable to smallholder farmers. 
Activities focus on on-farm research using the farm
ing systems approach. Seventeen countries (Bangla
desh, Bhutan, Cambodia, China, India, Indonesia, 
Laos, Malaysia, Madagascar, Myanmar, Nepal, 
Pakistan, Philippines, South Korea, Sri Lanka, Thai
land, Vietnam) are involved in identifying improved 
technologies, sharing research information and 
methodologies, and methodology improvement. 
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Several ongoing research activities at selected 
farming systems key sites represent different rice 
ecologies-cropping patterns testing, women in rice 
farming, crop-animal farming systems, rice-fish 
farming systems, impact of farming systems, rice-
wheat cropping systems, data management of on-
farm trials, engineered equipment for timeliness of 
intensified cropping, and varietal testing of upland 
crops after rice. A new area of research collaboration 
in 1991 is the extrapolation of agricultural technolo-
giesusingtheGeographiclnformationSystems(GIS). 

At a farming system key site, studies are con-
ducted on cropping patterns, animal systems, crop-
animalsystems, and component technology research 
such as variety trials, fertilizer rate, pest control, and 
others. The trials vary from site to site, depending on 
major research issues identified at each. The ouiput 
of the collaborative research activities is shared 
within and across countries through meetings/work-
shops, field visits, and exchange of publications, 

CROPPING PATTERNS TEST!NG 

Cropping systems testing was conducted in farmers' 
fields and at experiment stations at key farming 
systems sites in countries involved in the network. 
Cropping patterns were evaluated in different rice 
ecologies: rainfed lowiand, irrigated, deepwater, and 
upland. At ,ome sites, component technology evalu-
ation in varietal and fertilizer trials was also con-
ducted. In cropping pattern trials, two or more ex-
perimental cropping patterns were evaluated and 
compared with the faners' existing cropping pat-
tern. The major objective was to increase produc-
tion, farmers' income, and cropping intensity, taking 
into consideration resources available to the farmer. 
Most sites identified promising cropping patterns 
that are economically and biologically better than 
the farmers' pattern, 

India. Six rice-based cropping patterns were 
evaluated in farmers' ields in Kumarganj, Faisabad, 
India, under upland conditions. The rice - mustard 
system proved the most profitable, followed by rice 
- linseed and rice - lentil. Recognizing the higher 
profitability with mustard, a cropping pattern with 
mustard was evaluated in mixed cropping with bar-
ley in farmers' field: barley was broadcast and row 
seeded. The barley equivalent yields of mustard and 
barley were significantly higher in the pure crop than 
in the mixed crops. Similarly, the pure crop barley 
yields were lower than for pure mustard or mixed 
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with barley, suggesting that for increased income, 
farmershavetwooptions:apurecropofhighervalue 
mustard or a mustard + barley mixed crop with row 
seeding. A pure crop of a lower value crop such as 
barley is not profitable. 

At the upland rice site (Hazaribhag, India), crop 
intensification was attempted by utilizing available 
residual soil moisture through intercropping of up
land rice with upland crops such as pigeonpea and by 
relay or sequential cropping of short-duration pulses 
or oilseeds after rice harvest. Maximum yields in 
terms of land equivalent ratio and economic benefits 
viere obtained with rice variety Kalinga III inter
cropped with pigeonpea, grown in 4:1 row ratio. 
Seeds were sown behind the plow with four rows of 
rice followed by one row of pigeonpea. 

In the rainfed lowland areas in Chinsurah and 
Kendrapara, India, a three-crop system involving 
jute - rice - wheat and jute - rice - lentil gave nel 
returns of 26 and 38%, respectively, and is better 
than rice - mustard, the common farmers' cropping 
pattern. 

!. the deepwater ecosystem inGhaghraghat, India, 
on-station trials of maize,jute, mungbean, and early 
rice with floating rice mixed or intercropped were 
conducted. Maize was found to be the best, followed 
by jute. In farmers' fields, broadcast and row seeded 
(2:1) maize was also compa.ed with no maize mixed 
or intercropped with rice. Row seeding gave the 
highest yield (2.2 t rice/ha + 0.82 t maize/ha) and 
highest net return of $120/ha. Similarly, linseed, 
lentil, and mustard were evaluated after deepwater 
rice at the research station. Linseed gave the highest 
yield, followed by lentil. These two crops were 
further evaluated in a farmer's field with no fertil
izer, 20 kg N/ha, normal seed rate, and 50% extra 
seed rate. The highest net income was from linseed 
and lentil and was obtained with 20kg N/ha and 50% 
extra seed. 

Myanmar. In Myanmar, rice-based cropping 
pattern trials were conducted at four sites in collabo
ration with ARFSN: Yezin, partially irrigated; Pa
theingyi, fully irrigated; Kyaikmaraw, rainfed low
land; and Pyay, rainfed lowland. In on-farm trials, 
peanut - transplanted rice (TPR) gave a net return of 
72 and 96% over the existing farmer's cropping 
pattern of sesame - TPR in Yezin and Patheingyi, 
respectively. TPR - chickpea and TPR - mungbean 
were the most promising in Kyaikmaraw, and TPR 
chickpea, in Pyay. Oii-station trials were conducted 
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in Yezin, Kyaukpadaung, and Pyay. Direct seeded 
rice - TPR -cowpea, TPR - wheat, and direct seeded 
rice - TPR gave the highest net returns in Yezin; 
mungbean - TPR and sesame - mungbean - TPR in 
Kyaukpadaung; and direct seeded rice - chickpea in 
Pyay. Sesame - mungbean - TPR and direct seeded 
rice - chickpea were the outstanding cropping pat-
terns giving 445 and 121% returns above variable 
costs (RAVC), respectively, overthedominantfarm-
ers' cropping pattern. 

Malaysia. Studies on the rice - upland crop pat-
tern in Malaysia showed the possibility of rice 
waternelon in single crop areas with 3-4 mo DS 
duri~ig the early part of the year. Studies conducted 
in Kedah Province showed that farmers could have 
a gross income of $1257-$2844/ha from rice (Sep-
tember-January planting) and $2587-$4957/ha from 
watermelon (February-April planting). Research 
efforts also concentrated on cultivating upland crops 
after rice. Upland crops that can be processed by 
factories such as tomato (for tomato sauce), peanut 
(for peanut butter), and sweet corn (for canned food) 
were considered. 

Bangladesh. Cropping pattern testing in Bangla-
desh was carried out in different land and soil types 
at different agroecological areas. Transplanted aman 
- potato - boro rice gave the highest net return 
($1735/ha), 45% better than that from the farmers' 
cropping pattern at Bogra. In high Barind tract of 
Rajshahi, t. aman - mustard - boro rice was 36% 
better than the farmers' pattern. In the floodplain at 
Rangpur, broadcast aman - T. aman/grass pea and 
jute - mungbean - tobacco gave high net returns 
($1020 and $1516/ha, respectively)--54 and 41%, 
respectively, better than farmers' cropping patterns. 
B. aman - black gram - lentil also gave a 68% better 
net return than B. aman - fallow - lentil, the farmers' 
pattern in the highland rainfed areas of Faridpur. In 
the chala land of Shreepur, the recommended BR20 
- radish cropping pattern generated tenfold better net 
return than the farmers' pattern (local rice - black 
gram orpeanut). In Mirzapur, the higher net return of 
deepwater rice was due to introduction of the new 
variety BR3, wh',,.h yielded 6.37-7.25 t/ha, whereas 
the predominant rice variety gave only 1.3-2.3 t/ha. 

Korea. Six cropping patterns were tested under 
irrigated conditions in collaboration with Kyeong-
buk Provincial Ru,'l Development Administration 
in Korea. The most promising cropping patterns 
were cucumber - Chinese cabbage - pea - rice and 

sesame - garlic - rice, which gave 77 and 52%, 
respectively, better net returns than rice - barley, a 
farmers' cropping pattern. 

Vietnam. In the deepwater area of Thotnot, 
Haugiang, Vietnam, three cropping systems were 
tested: rice (MV) - rice (MV), peanut - kenaf or 
maize - deepwater rice, and kenaf- kenaf- deepwater 
rice (transplanted). Most promising was the second 
pattern, which gave a total yield of 18 t rough rice 
equivalent/ha. In another village in Thotnot, seven 
cropping patterns were evaluated. Rice - rice was 
compared with deepwater rice in rotation with pea
nut, kenaf, peanut - maize, maize, tobacco, and 
mungbean. The deepwater rice -peanut and deepwa
ter rice - peanut - maize gave higher net returns than 
the rice - rice system. 

China. The cropping system testing in China was 
conducted under irrigated conditions. In Guang
dong, China, the cropping pattern of vegetable - rice 
- rice increased farmers' income and improved soil 
fertility. An annual net return of 137-171, higher 
than for rice - rice, was obtained. Among vegetables, 
lettuce - rice - rice gave the highest net return. 
Nutrients in the soil also improved because of large 
amounts of vegetable residue. At the cropping sys
tems testing site in Shaoxing, Zheijiang, the farmers' 
cropping pattern of barley - rice - rice gave higher 
yields than did the introduced cropping patterns of 
barley - rice - maize and broad bean - maize - rice. 
Barley (wheat)/maize silage - rice in Shanghai and 
triticale silage - rice in Bcijing gave good profits and 
were readily accepted by farmers. The acreage of 
triticale silage in Beijing increased to more than 700 
ha, whereas the area of maize for silage in Shanghai 
increased to more than 3,000 ha to meet the demands 
of the dairy enterprise. 

In Taiwan, several new cropping patterns were 
found more profitable than the existing patterns. The 
most productive and profitable were watermelon 
rice, which gave 90% higher net return than mono
crop rice in the northern district; rice - cucumber 
maize and rice - watermelon - peanut in the central 
district; rice - soybean - maize in the districts of 
Chainan and Taitung; and soybean - rice - green 
manure and peanut - rice - green manure in Hualien 
district. Most of these promising patterns are demon
strated in different areas with total acreage of640 ha. 

Philippines. Several Philippine key sites repre
senting the rainfed lowland (Carmen in Bohol and 
Tumauini in Isabela), irrigated (Compostela, Davao 
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del Norte), and upland (Janiuay in Iloilo and Magal-
lanes in Cavite) ecosystems are involved in the 
network. In Bohol, the TPR - TPR - mungbean 
pattern was readily accepted by farmers in Carmen 
and nearby municipalities and gave an average net 
return of $960-$1350. In Compostela, research stud-
ies on rice - mungbean - rice pattern consistently 
gave higher net returns than did the farmers' rice 
rice. 

In Janiuay, upland rice - maize + cowpea!gliri-
cidia cropping system was compared with farmers' 
existing cropping pattern of upland rice - maize. 
Gliricidia planted in hedgerows produced a herbage 
yield of 0.20 t/ha. Net returns from the improved 
cropping pattern was 33% better than from thefarm-
ers' cropping pattern. In Cavite, on-farm trh~is of 
upland rice + cowpea - maize + siratro and fancy rice 
- cowpea or sweet potato cropping patterns were 
conducted in barangays Cabi!usan and Pacheco. In 
the first cropping pattern, .,PLRi-7 yielded an aver-
age of 1.72 t/ha, whereas UPLRi-5 yielded 2.01 t/ha. 
No yield data were obtained for cowpea (var. IT 
82D-889) because of continuous rain during the 
flowering to maturity stages. hi the second cropping 
pattern, Sigadis Milagrosa (local fancy rice variety) 
was used at both sites. Average grain yield was 1.80 
t/ha in Pacheco and 2.31 t/ha in Cabulusan. 

Nepal. In Nepal, the improved rice - wheat crop-
ping pattern using high-yielding varieties and im-
proved management practices gave higher net re-
turns than did the farmers' rice - wheat cropping 
pattern using local practices at irrigated lowland 
sites in Naldung, Mainaphobhar, and Patan. In 
Khandbhari, rice/lentii/maize was more economical 
than the farmers' cropping pattern under rainfed 
lowland condition. in Patan, rice + maize - wheat + 
mustard proved the most promising. 

Madagascar. In Kianjasoa, Madagascar, rice 
rice and rice - ratoon lice using different varieties 
were evaluated under irrigated condition. Tainan 1 
(2067) yielded 7.2 t/ha in the first rice crop and 2798 
Tache Koual in the second rice season (7.4 t/ha), 
followed by IR36 (5.3 t/ha). Tainan 1 (2067) also 
showed good ratooning ability, with the crop yield-
ing 2.2 t/ha. In Sambaina, three cropping patterns in 
the well-drained soil were evaluated. Rice yield of 
rice - wheat, rice - potato, and rice - bean was higher 
(2.8-3.7 t/ha) than the farmers' monocrop rice (1.7 t/ 
ha). In addition torice, wheat yielded 4.4 t/ha; potato, 
13.1 t/ha; and bean, 3.1 t/ha. 
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WOMEN IN RICE-BASED FARMING SYSTEMS 

Several gender-related studies are being conducted 
at key farming systems sites in the Philippines, 
Indonesia, Nepal, Thailand, and India in collabora
tion with national institutions. 

Philippines. In Matalom, Leyte, concerns spe
cific to women were integrated into upland rice 
farming systems research by the Farm and Resource 
Management Institute, Visayas State College of 
Agriculture. After a benchmark survey, several on
farm experiments and special studies were con
ducted. They include evaluation of the cooking and 
eating qualities of IRRI upland rice varieties or lines, 
evaluation of local and introduced sweet potato 
cultivars for high yield and less weevil infestation, 
on-farm experiments on peanut production and proc
essing, evaluation and adaptation of the IRRI micro 
rice mill, and experiments on the nati ve chicken. The 
cooking and eating qualities of four best upland rice 
lines from the Acid Upland Yield Trial (AUYT) and 
Lubang (local upland rice variety) were evaluated by 
local women in three villages. Lubang was pre
ferred, followed byIR55419-04 (VRi-15), IR55411
54 (VRi-14), IR55411-50 (VRi-13), and B2997C
7B-4-2-1 (VRi-2). Results of the study have signifi
cant implications for the upland rice breeding pro
gram. Currentbreeding objectives include high yield, 
short duration, drought tolerance, pest resistance, 
and adaptability to adverse soil condition. The char
acteristics preferred by farmers, women in particu
lar--color, aroma, size of grain, and stickiness.-are 
not considered by breeders. 

One technology with potential for adoption s the 
micro rice mill developed at IRRI. The mill was rated 
positively by women in terms of quality of milled 
rice, rice bran product, length of milling time, size of 
rice mill, and energy requirement. In three upland 
rice areas in Matalom, an electric-driven micro rice 
mill comes every week to the three villages and is 
operated by women's groups. The associations 
operating the rice mill charge a milling fee. From the 
income generated, small loans at a low interest rate 
become available to women who want to invest in 
smallenterprises. As of December 1991 ,theassocia
tions earned a net income of $48 in San Salvador, $78 
in Elevado, and $59 in Esperanza. 

Women cited these advantages in using the micro 
rice mill: it is portable, easy to operate, reduces time 
in transporting palay to the village, reduces time in 
queuing at the town mill, reduces drudgery in hand 



pounding rough rice, and generates income for the 
association, which, in turn, allows the women to 
obtain loans at a low interest rate. 

The mill was also highly acceptable in the north-
ern part of the Philippines where women form the 
bulk of the labor force in rice production and proc- 
essing. 

Another technology that showed potential for 
adoption in rice-growing areas, which experience 
labor shortage, is the Ultralite transplanter devel-
oped by the IRRI Engineering Division. In collabo-
ration with PhilRice, the Ultralite transplanter was 
demonstrated on a 40-M 2 farm in a village in Moun-
tain Province where women do most of the rice 
cultivation. On-farm testing showed !hat transplant. 
ing on a40-m2 farm is normally finished in4 h.With 
the Ultralite transplanter, it takes only 1 h. The 
Ultralite has potential foradoption, but women farm-
ers should first be trained to operate the transplanter 
and to prepare the seedlings, 

Indonesia.Under rainfed conditions, rice is fol-
lowed by soybean or mungbean. In Sitiung, West 
Sumatra, application of animal manure is a common 
practice; hence, raising cattle is an important compo-
nent of the system. Time allocdtion surveys indi-
cated that crop production and cattle raising are 
activities that require the use of family labor. Women 
spend about 4 h a day collecting fodder for the 
animals, which provide manure for the crops. Th'is 
activity takes the time they could devote to farming 
and other remunerative employment opportunities. 
Animal fodder production is expected to reduce time 
spent by women in collecting animal fodder, im-
prove the quality of animal fodder, encourage farm-
ers to raise cattle, sustain the application of animal 
manure on rice and nonrice crops, and thus raise 
production levels. Planting forage crops on the rice 
bunds increases the fodder supply for cattle. 

Nepal. Most farming systems in Nepal integrate 
crop, animal, and tree, with rice as the major crop. A 
study in Mohana and Baghmara villages in Ratnan-
agar, Chitwan district, shows that women and chil-
dren play a significant role both in contributing labor 
and by making decisions forcrop and animal produc-
tion. Women are more involved in fuelwood collec-
tion from the forests, as they are responsible for 
cooking and feeding the family. On the average, 
women spent 3- i h carrying fuel wood from the 
forest during winter and 4-5 h during summer. Fod-
der is also not available in abundance because forest 

pastures are overgrazed. Because collecting fodder, 
fuelwood, and timber is the prime responsibility of 
women, the research team has given attention to 
multipurpose tree species within the rice-based sys
tems. At the same time, interventions to improve rice 
production are being introduced. 

Thailand. Gender-related studies in the rainfed 
environments in Khon Kaen and Chiang Mai in 
Thailand showed the increasing tendency of male 
labor to migrate in search of nonfarm employment. 
Because rice is grown mainly for home consunp
tion, other sources of income were deemed impor
tant. Through farming systems research, several 
technologiesforfemale-dominatedtasksweretested 
and evaluated. Results from 'he on-fan experi
ments on improved poultry production in Amphoe 
Phrao, Chiang Mai, showed that the technology 
resulted in better income distribution throughout the 
year, improved the nutrition of the family, and im
proved the working relations between male and 
female family members. Although poultry manage
ment was traditionally dominated by women, men 
participated in the activity when this showed poten
tial for generating income for the family. In Phatta
lung village, one of the objectives was the improve
ment of native poultry husbandry through the intro
duction of native chickens called "Colon". This 
exotic breed is one of the best tor meat and is easier 
to raise than the improved breeds. Village women 
were trained to vaccinate ihis breed. Initial results 
showed that improved native poultry production can 
provide additional income of $40-$80 from 40 birds 
in 2 mo. At both sites, other experiments to increase 
cropping intensity are being conducted. 

India. The IRRI-ICAR Collaborative Rainfed 
Project in eastern India under the Narendra Deva 
University of Agriculture and Technology conducts 
gender-related studies. One study showed that 
women's participation in the labor force is deter
mined by social status (caste) and availability of 
male labor. There seems to be a shortage of male 
labor in both villages with male heads of households 
and other male members engaged in either seasonal 
or permanent nonfarm employment. Of the total 
sample households interviewed, only 50-64% have 
heads who are fully engaged in fanning. 

This has implications for the residual labor force 
like widows and farmers' wives who are de facto 
household heads when their husbands leave the 
villages to seek employment elsewhere. 
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The social status of upper caste women does not 
permit them to work in the fields regardless of the 
size of their holdings. However, they are knowledge-
able about farming and are involved within the 
homesteads in such activities as seed management, 
seed storage, and preparation of cowdung cakes for 
fuel. 

In rice and wheat production, the contribution of 
female labor from the lower caste ranged from 35 to 
44% of total labor input. In both villages, the major-
ity of the women have problems with storage pests. 
About 30-50% of the seeds in stock are lost to pests, 
thus affecting the purity and availability of seeds for 
the next season. 

CROP-ANIMAL FARMING SYSTEMS 
Philippines. Research activities are conducted in 
Santa Barbara, Pangasinan, representing rainfed 
lowland rice ecology, and at Trece Martires, Cavite, 
representing upland rice ecosystem. In Pangasinan, 
a follow-up cattle fattening experiment was con-
ducted from October 1990 to April 1991 to further 
test the appropriateness of the scheme based on 
strategic supplementation with urea, legumes, and 
rice straw concentrate. Eleven 2-1/2-yr-old Brah-
man grade bulls were randomly allotted as control 
and treatment groups to farmers. Cattle fed 2 kg of 
legumes (dry basis), rice bran (0.5% of body weight), 
and urea-treated rice straw and given free access to 
salt and dicaicium phosphate attained relatively higher 
growth rates than the animals fed a combination of 
weeds and rice straw plus tethering. In the draft 
animal power experiment, the use of the sledge and 
dead load eliminated problems related to the use of 
the plow. Draft exerted by the animal is directly 
related to the increase in power generated. Both 
cattle and carabao could pull draft equivalent to 10-
15% of their body weight at sustained speed and 
ease. 

In the food and forage legume intercropping, 
mungbeanandcowpeawereintercroppedwithsiratro 
Macroptilium atropurpureun and sunnhemp Crota-
lariajuncea in Santa Barbara. The grain and fodder 
yields of mungbean (1.09 and 1.06 t/lha, respec-
tively) and cowpea (0.90 and 0.47 t/ha, respectively) 
intercropped with siratro were higher than those of 
their monocrops (mungbean 1.03 t grain/ha and 
1.04 t fodder/ha, and cowpea with 0.70 t grain/ha and 
0.45 t fodder/ha). Crotalaria significantly decreased 
mungbean and cowpea yields by 31 and 36%, re-
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spectively. Forage yields of siratro and crotalaria 
were 6.70 and 11.32 t dry matter/ha, respectively, for 
a 6-mo period. Rice (IR74) cultivated after the inter
cropping experiment and with the iast forage legume 
regrowth applied as green manure had higher yields 
in plots previously planted to food legume crops and 
intercrops over the fallow/control treatment. This 
indicates that the rice - food grain + forage pattern 
can produce both food grain (rice and legumes), 
animal feed (forage crops and crop residues), and 
organic fertilizer for the following rice crop. 

In Cavite, the use of cowpea/cassava-based diet 
was compared with the usual farmers' practice of 
feeding fattening pigs with mixtures of concentrate, 
kitchen refuse, and crop by-products. Treatment and 
contrel animals showed similar growth rate 
(0.5 kg/d). However, feed conversion efficiency was 
better in pigs fed the experimental diet (4.2 kg) than 
in the control animals (5.4 kg). Likewise, the lean 
meat yield of the experimeatal animals was better 
than that of the control group. This is significant as 
the market price of pigs is influenced by carcass 
quality. Cooperators in the pig fattening project also 
received five hens and one rooster each to study the 
viability of the native chickens for supplementing 
farm income. Increased inventory of chicken and 
number of eggs produced by liens were noted in the 
treatment groups, indicating the beneficial effect of 
energy and protein supplement on the productivity 
of the chickens. 

China. Crop-animal systems research imple
mented in Beijing and Zhenjiang in China focused 
on rice-dairy and rice-pig. In Beijing, triticale was 
introduced in the cropping system as a source of 
fodder for making silage fed to dairy cattle. Triticale 
has high fodder production (54.8 t/ha), double that of 
maize (33.8 t/ha), and barley (22.8 t/ha), the tradi
tional sources of silage in the ai ea. The total nutrient 
output is almost double that of barley or maize. The 
quantity ofmilk producedby triticale-feddairycattle 
was similar to that from animals fed with maize 
silage (19.7 kg/head per d); however, the quality of 
the former was better. 

In Zhenjiang, introducing maize in the system 
practically improved the existing cropping pattern in 
the locality. In higher areas where rice suffers from 
drought, maize was planted. The area of maize 
increased from zero to 1,200 ha in 1991. Further
more, the inclusion of maize as a component in the 
diet of pigs improved the performance of the animal 
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in terms of feed efficiency and shorter feeding dura-
tion to reach marketable weight. In a demonstration 
involving 24 weanlings of different grades of swine 
divided into three groups, the adoption of an im-
proved breed of swine with corresponding improved 
feeding management gave high net return compared 
with the local breed fed the usual diet. 

Nepal. Activities in the crop-animal systems 
research sites in Naldung focused on different forage 
production strategies to increase feed supply in rice-
based cropping systems. It included the evaluation 
and screening of forages and fodder trees along 
contour hedgerows and the adoption of forage leg-
umes planted after rice. Dudhilo Ficus neriifolia, 
khanyu F.semicordata,gogan Saurauianepalensis, 
badharArtocarpuslakoocha,and syal fusro Grewia 
tiliaefrliaare fodder trees with potential for success 
along terraces and hedgerows. Since the potential for 
lopping (herbage production) and effects on food 
crops planted along alleys have to be assessed, the 
experiment will be continued. In the food-forage 
production strategy involving oat intercropped with 
locally grown winter legumes, the Swan and Amuri 
cultivars produced significantly high green forage. 
Amlisho Th*vsanolacna maxima, a multipurpose 
shrub planted widely in Naldung, was studied for its 
production potential. The leaves are utilized as feed 
to animals and flowers are made into brooms. Fodder 
production of a clump of Amlisho (18.75 m2) was 
64 kg/ha per yr. 

RICE-FISH FARMING SYSTEMS 
Rice-fish farming systems is a collaborative re-
search of national agricultural research systems and 
the International Center for Living Aquatic Re-
sources Management (ICLARM). The network col-
laborates with the Philippines, Indonesia, India, 
Thailand, Korea, and Vietnam. The objective of the 
collaboration is to identify more productive rice-fish 
farming in irrigated and rainfed rice ecologies. On-
farm research on rice-fish farming expanded in 1991. 
In addition to research, there were production pro-
grams in 'hailand and Indonesia. 

Indonesia. Rice-fish farming is expanding rap-
idly in Indonesia. The target expansion area of 
25,000 ha in 1989 ncreased to 40,000 ha in 1990 in 
II provinces of the country. On-farm trials among 
24 cooperators showed that productivity was highest 
from rice + fish - rice + fish - fish (R+F-R+F-F) or 
rice + fish - fish - rice + fish - fish (R+F-F-R+F-F). 

R+F-R+F-F increased the efficiency of inputs par
ticularly fertilizer, herbicides, and insecticides. 
During WS, application ofthese inputs was about 32, 
92, rnd 46% lower than for rice - rice - fallow, and 
about 27, 58, and 32% lower than the same systems 
during DS. Fish raised together in R+F-R+F-F re
duced the hours for weeding by about 23 during WS 
and 22% during DS. Fish also increased rice yield by 
51% in R+F-R+F-F and by 27% compared with rice 
- rice - fish and rice - rice - fallow. Net income was 
90 and 60% higher, respectively. 

China. In Hunan, research activities on rice 
azolla - fish systems continued with emphasis on rice 
- rice/azolla/fish or rice/azolla/fish. Rice - fish 
azolla with a yield of 13.36 t/ha, which is 6.3% 
higher than that of rice monoculture, was the most 
popular. Fish yield was 795 kg/ha. The ecology 
experiment on the rice - fish - azolla showed that it 
increased soil fertility and rice and fish yields. 

Bangladesh. Deepwater rice-based farming sys
tems research key sites at Mirzapur, Tangail, were 
started in 1990. That represents a large extrapolation 
area of about 2.4 million ha. Because of the risk of 
flood damage, the area remains virtually fallow from 
July to November. The area of productivity can be 
increased through the introduction of transplanted 
deepwater rice and fish. On-farm trials using nylon 
net enclosures, bamboo cages and bamboo enclo
sures showed that nylon net enclosures were the 
most promising, with fish yield of 1.47 t/ha. In 199 1, 
the polyculture of Thai sarputi, common carp, and 
grass carp was very promising, with yields of 5 t/ha. 
Thai sarputi and common carp performed equally 
well under rnonoculture and polyculture systems. 
The two species made good use of natural weed and 
azolla that grow in the open water. CARE Interna
tional, which provided material support for the ex
periments, will expand the project in other areas. The 
trials have drawn the attention of researchers, ad
ministration extension workers, and farmers. 

Korea. Rice-fish farming systems, with loach 
and catfish as the predominant species, are becoming 
popular in Korea. Rice-fish farming households 
increased by about 47% within 2 yr. Research activi
ties are concentrated on culture methods in rice-fish 
farming systems using catfish, loach, and mud snails 
and in the establishment and production techniques 
of the fingerlings during winter months. Weed con
trol was 28% more effective in rice-fish culture than 
with herbicide application. The system increased 
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rice yields by about 5%, compared with rice mono-
culture plus herbicides. An experiment on catfish 
Parasilurus asotus showed that feeding cost is lower 
if carp fodder is used for 4 mo compared with eel 
fodder. 

Philippines. Rice-fish farming systems activ-
ities are carried out at five key sites. Studies in the 
irrigated lowland rice areas using the trench and 
pond refuge systems showed no significant differ-
ence in rice yields between the two systems com-
pared with the monoculture rice yield on both WS 
and DS. Fish yield was slightly higher in the pond 
than in the trench refuge systems (388 vs 379 kg/ha). 
Economic analysis showed that the pond refuge was 
more efficient and profitable. Farmers also planted 
different kinds of vegetables along the dikes of the 
rice-fish systems. The highland irrigated ecosystem 
in Mountain Province showed that rice production in 
the rice-fish systems was higher (4.08 I/ha) than 
3.5 t/ha under farmers' practice. Total fish produc-
tion was 250 kg/ha. Economic analysis showed a 
marginal benefit:cost ratio of 6.30 in the rice-fish 
systems. 

Thailand. Tilapia Tilapianilotica,common carp 
Cyprinus carpio, and common siiver carp Puntis 
gonionotus are the most common fish species grown. 
With a stocking rate of !:2:2 (3,750 fishes/ha), 212.5 
kg/ha was produced. Consequently, rice yield in-
creased by 14.5% with KMDL and RD6 rice varie-
ties as the most promising. Production of fingerlings 
from 1987 to i990 has increased to 116.8%, with 
silver carp (44.4%) and common carp (39.1%) hav-
ing the greatest demand. Systems involving the use 
of twin ponds., and the use of nursery cages in 
farmers' ponds ,idreservoirs are under study. In the 
deepwater rice areas, the aquatic environment was 
found to be naturally rich in fish food organisms. 
Fifty-nine species of phytoplankton, eight species of 
zooplankton, and 16 species of aquatic plants were 
identified. Water quality such as depth, transpar-
ency, temperature, pH, dissolved oxygen, and NH 4 
concentration were found to be conducive to fish 
culture. 

In Ayutthaya, a deepwater rice-fish system was 
studied by Rajamangala Institute of Technology in 
35- x 45- x 2-m ponds. Silver bard and tilapia in a 
1:1 ratio were stocked at different rates (5,000 and 
10,000 fingerlings). Deepwater rice + fish (10,000 
fingerlings) showed the highest gross value, with a 
fish yield of 274 kg/ha. Rice yield was relatively 
higher than that without fish. 
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In another experiment, three systems-mono
crop deepwater rice (control), mungbean + deep 
water rice/fish, and deepwaterrice/fish- -were tested 
in Huntra Experiment Station, Ayutthaya. Mungbean 
yield was 500 kg/ha; deepwater rice suffered from 
drought and most plants died because ofa rapid surge 
ofwater.Fishyieldwashighinmungbean+deepwa
ter rice/fish system, although the fish was smaller 
than marketable size. The more intensive system 
guarantees higher yields of upland crops and fish 
than does the monocrop deepwater rice; thus the 
former reduces the risk of total production loss. 

Vietnam. In the Mekong Delta, rice-shrimp sys
tems continued to attract many farmers. In 1990, 119 
farming families were monitored to evaluate the 
systems' performance with different rice varieties 
and the degree to which farmers accepted the new 
technology. Sixty-two percent of all farmers used 
fertilizer correctly. Rice yields were 4.7 t/ha during 
winter-spring crop, 4.5 t/ha during summer-autumn 
crop, and 4.3 t/ha for traditional rice during the main 
season. Shrimp yield ranged from 13 to 364 kg/ha. 
Studies on land allocation in the systems showed that 
56-71% is occupied by rice, 14-23% by trenches and 
furrows, and 14-25% by surrounding dikes. Abun
dance of microflora and feeds was positively corre
lated with the growth and yield ofshrimps. Research 
continues with emphasis on the effect of pesticide 
and otherbiological pestcontrol measureson shrimp 
culture. 

RICE - WHEAT CROPPING SYSTEMS 

One of the major cropping systems in subtropical 
countries is rice - wheat. The major objective of the 
collaborative research is to identify 1)profitable rice 
- wheat systems in different rice environments, and 
2) best wheat and rice varieties that satisfy the crop 
rotation needs of rice - wheat farmers. Research on 
rice - wheat has been conducted in Bangladesh, 
Nepal, Myanmar, and China. 

Myanmar. Rice - wheat cropping pattern trials 
in three locations in Myanmar were compared with 
other cropping patterns. Rice - wheat gave 83% 
higher net returns than sesame - rice in Yezin, 58% 
higher than monocrop wheat in Wetlet, and 297% 
higher than monocrop wheat in Pale. The introduc
tion of the rice - wheat cropping paitem has a 
significant impact on the exparsion of the rice 
wheat area in Sagaing Division. Farmers usually 
grow only one crop of wheat, but through repeated 
rice - wheat trials and demonstrations with field 



days, the creage of rice - wheat dramatically in-
creased from 623 ha in 1986-87 to 3,653 ha in 1990-
91. Constraints to wheat production identified espe-
cially in the rainfed lowland fields are pest, rust 
diseases, and moisture and temperature stresses. 

Nepal. The rice - wheat systems research was 
continued at two farming systems research sites, 
Bhairawa and Naldung. The rice - wheat cropping 
pattern trials were conducted under partially ir'i-
gated lowland ecosystem to evaluate the economic 
returns against farmers' rice - wheat cropping pat-
tern. To improve the existing farmers' rice - wheat 
cropping pattern, improved management practices 
using a recommended dose of fertilizer and high-
yielding varieties of rice and wheat were incorpo-
rated in the trial. Analysis showed that the percent-
age increase in return above variable cost of im-
proved practice in comparison to the farmers' prac-
tice was 58% in Bhairawa and 42% in Naldung. 

China. In China, the present rice - wheat crop-
ping systems have entered a relatively stable stage. 
The 1989 national statistical data showed that aver-
age yields were 12.84 t/ha for wheat - rice - rice and 
9.35 t/ha for wheat - rice; those are 28.5 and 43.9% 
higher than those for green manure - rice - rice and 
single rice, respectively. However, economic analy-
sis of data from long-term trials conducted at the 
Hangzhou farming systems sites showed that net 
returns obtained from the new cropping patterns of 
barley - melon - rice were higher than those from 
wheat-rice, barley - rice - rice, and rice - rice. To 
ensure high and stable yield from the rice - wheat 
cropping systems, improved management practices 
were recommended for different soil and climatic 
conditions, along with component technology for 
each crop. For instance, the conservation of perfect 
irrigation and drainage systems in ricefields during 
the wheat-growing season is necessary. Optimum 
time of sowing plant population and fertilizer usage, 
protection from pests and diseases are some of the 
basic requirements for obtaining high and stable rice 
or wheat yield. 

Bangladesh. Rice - wheat cropping systems 
trials were conducted by the Bangladesh Rice Re-
search Institute in farmers' fields in Meherpur dis-
trict. Farmers grew traditional local aus rice, but for 
the recommended management level the researcher 
used BR20and BR21 as direct seeded. high-yielding 
aus rice. Wheat variety Kanchan was used at both 
recommended and farmer management levels. Data 

indicated that BR20 and BR21 produced more than 
1.0 t higher yield/ha than farmers' traditional varie
ties in both years. Wheat yield was the same under 
both management levels. 

IMPACT OF FARMING SYSTEMS RESEARCH 
Bangladesh. The Bangladesh Rice Research Insti
tute studied the extent to which rainfed lowland rice 
cropping systems technologies have been adopted 
and the impact that it has had on resource use, 
productivity, income, and expenditure patterns in 
two key farming systems sites, Sitacunda and 
Kumarganj. Results show that households have 
adopted the technology in varying degrees, with 
relatively small farmholdings being high adopters. 
This group of households have higher input outlays 
per hectare and therefore obtained the highest pro
ductivity compared with the relativelywell-off farm
ers with bigger landholdings. Adoption of the tech
nology increased rice yield by i.l-l.4t/haperyrover 
the existing cropping systems. Indirectly, adoption 
of the more intensive cropping patterns has gener
ated additional employment opportunities within 
and outside the household. 

Indonesia. The Central Research Institute for 
Food Crops of Indonesia focused a study on the 
degree to which rice-fish farming has increased 
household real income and how it has affected the 
quality of consumption through increased purchas
ing power. The study also measured the extent to 
which introduced technology has affected the mar
ketable surplus of rice. Farmers who adopted the 
intensive ice-fish culture have smaller landholdings 
compared with nonadopters. The introduction offish 
with rice has increased the efficiency of chemical 
input use, reduced labor use, and increased yield. 
The annual rice yield and rice yield equivalent offish 
increased by about 20-50% over the less intensive 
double-cropping of rice alone. The availability of 
fish within the farm has led to higher fish consump
tion for the household. A significant change in non
food expenditure, education in particular, was also 
observed across farm groups. 

Nepal. The Nepal Agricultural Research Coun
cil conducted a case study on hill farmers, which fo
cused on the degree of adoption of recommended 
farming systems research technologies in Pumdi 
Bhumdi, a rainfed midhill rice area. Results indi
cated that farmers adopted improved varieties of 
major crops and their cultural practices. Some par-
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cels of land were shifted to vegetable production. 
Better quality forage grasses and fodder tree species 
were adopted by the farmers. The availability of 
suitable feedstuff for cattle increased milk produc-
tion substantially. Adoption of these farming sys-
tems technologies has improved famers' nutritional 
status because ofconsumption of home-grown vege-
tables and milk and milk products. Surplus milk and 
milk products provided additional income. 

Sri Lanka. The Department of Agriculture in Sri 
Lanka examined the relative efficiency of resource 
use under traditional and new technologies, impact 
on income and on other non-quantifiable benefits in 
Uva Paranagama. Results indicate that adoption of 
farming systems research-developed technologies 
has caused structural changes in the production 
processes on each of the three major crops rice, 
vegetables, and potatoes. This resulted in changes in 
functional incomc distribution and value added ofall 
those crops. While personal income distribution 
from rough rice and vegetables changed in favor of 
the adopters, the nonadopters were favored in potato 
crops. Systemswide, there was no significant differ-
ence in functional and personal income distribution 
between the two groups of farmers. Neither were 
there significant differences in other related welfare 
indicators, i.e., farm and household capital accumu-
lation, nutrition, expenditure, and savings, 

Thailand. The Farming Systems Research Insti-
tute of the Department of Agriculture and Chiang 
Mai University looked at the impact of mungbean 
before rice and direct seeding of rice in northern 
Thailand. Mar "irmers suffered yield losses due to 
waterlogging. 'Ii average mungbean yield was 
250-300 kg/ha-55-70% lower than expected yield 
levels. While mungbean provided additional income 
and enhanced soil fertility, it can create delays and 
potential losses to subsequent rice crops, direct seeded 
rice in particular. Direct seeding of rice became 
popular only from 1990 onwards when rainfall was 
inadequate for transplanting and wage rates were 
high at peak periods. Mechanical seeders introduced 
along with direct seeding substantially ieduced labor 
costs. Although many farmers have acquired seeders 
as a result, income increases from the new technol-
ogy seem inadequate to slow down migration of the 
young to urban centers. 

Philippines. The Farming Systems and Soil 
Research Institute of the University of the Philip-
pines at Los Bafios studied two farming systems 
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research sites. The KABSAKA site in Iloilo Prov
ince was used to refine the methodology on the 
classification of farmers according to degrees of 

adoption or nonadoption. The Laguna Province site 
used a case study to determine the impact of farming 
systems research technologyon householdcash flows. 
Results of the study on methodology show that the 
application of cluster analysis can classify technol
ogy adopters, particularly when dealing with the 
adoption of a package of technology. Clusters of 
farmers differed in the levels of technology used, 
productivity, and cash flows. At the other site, the 
study revealed the economic benefits from adoption 
of the rice - watermelon cropping systems. Cash 
flow analysis showed that the technology benefited 
thefarmhouseholdnotonlyintermsofabsolutecash 
income but also in meeting demands of monthly 
household expenditures. Farm workers also benefit
ed from the additional employment generated in 
watermelon production. 

An IRRI study considered the importance of 
nutritional aspects of farming systems research along 
with other welfare measures such as changes in 
income and purchasing power, as well as assets and 
capital accumulation. The study site in Isabela Prov
ince in northea:;:crn Philippines has two distinct 
landforms: the rice-based area is rainfed lowland and 
the maize-based area is rainfed upland. The average 
farm household cultivates about 3 ha distributed 
almost equally between the two landforms. All 
households therefore have the opportunity to grow 
lowland and upland crops. 

The study categorized its sample farms into three 
levels of adoption. Results indicate mixed impact on 
the different household welfare measures. While 
medium and high adopters were observed to have 
significantly higher farm receipts from the different 
crop enterprises, the low adopters compensated for 
their low farm income through other means, thus 
putting them at par with high adopters as far as total 
household income was concerned. Maize crops in 
the upland contribute about 80% of farm cash earn
ings for all the farming households, remaining the 
single most important source of income. The contri
bution of lowland crops rice and mungbean to total 
income remains insignificant. 

The inability of the farming households to satisfy 
their required daily allowance on energy and protein 
cuts across adoption levels and seasons. Medium and 
high adopters, however, te.id to have higher nutrient 



intake than low adopters. Similarly, the prevalence 
of moderate malnutrition among preschoolers cuts 
across adoption levels and seasons, 

DATA MANAGEMENT FOR ON RFARM TRIALS 

The Data Management for on-farm trials aims to 
develop and make available to national programs, a 
computer-based data management system that would 
enhance efficient management and proper utiliza-
tion of data from on-farm trials for technology veri-
fication. The three major activities are 1) develop-
ment of ageneralized microbased data management 
system, IRRIOFT, to support on-farm trials fox tech-
nology verification; 2) development of a simple 
analytical tool for identifying the recommendation 
domain of a promising technology; and 3)evaluation 
of the applicability of IRRIOFT and the analytical 
procedures through training of and on-site testing by 
on-farm trial workers in national programs. 

Three collaborating countries, each with two test 
sites, are involved: Indonesia (a tidal wetland farm-
ing systems and a rice-fish farming system site), 
Philippines (a crop-animal farming systems and a 
cropping systems site), and Thailand (a cropping 
systems and a rice-fish farming systems site). 

Twenty participants from three countries were in 
two training programs on "Data Management for 
On-Farm Trials" conducted at SEARCA, 19 Feb- 16 
Mar 1990 and I Mar-12 Apr 1991. Three modules 
were studied: prescription, form generation, and 
data entry/editing. A fourth module has been fin-
ihed: data analysis, summary, and presentation. 

EXTRAPOLATION OF AGRICULTURAL TECHNOLO-
GIES USING GEOGRAPHIC INFORMATION SYSTEMS 
(GIS) 
This computer-based GIS approach to technology 
mapping is relatively new. The activity will be con-
ducted at fanning systems key sites: three in the 
Philippines, two in Thailand, three in Indonesia, and 
one in Vietnam. Several scientists from key sites of 
ARFSN were trained on the principles, procedure,
application of GIS, and how to use the PC ARC/ 
INFO GIS facilities. Each trainee prepared aproject 
proposal that will be implemented in 1992. 

ENGINEERED EQUIPMENT FOR TIMELINESS OF IN-
TENSIVE CROPPING 

The hydrotiller developed by IRRI was tested in 
Sc -,th Vietnam in collaboration with the University 

of Cantho to control the problematic Eleocharis 
weeds in acid sulfate soils ofMekong Delta. Results 
were promising as the hydrotiller uprooted the weeds 
completely with the rhizomes while simultaneously
tilling the field. Estimates show that users can save 
as much as 70% of the costs of weeding and land 
preparation. 

The vertical metering slit seeder developed at 
IRRI attracted interest at Jiangsu Academy of Agri
cultural Sciences where collaborative use of this 
equipment in rice - wheat crop seeding will be 
undertaken. The evaluation was satisfactory and 
tractor miltirow application wasjointly made. Evalu
ation of the slit seeder in Pitchi, Thailand, was very 
promising. Yield of soybean after rice was higher 
than ihat with broadcasting and hand seeding. 

Hulling continues to be a major source of income 
for rural women. A model was designed incorporat
ing a hull cleaner or aspirator. The huller with 
aspirator is fitted with 3.5 HP gas engine and has a 
capacity of 4-5 sacks/h. The other model. which was 
reduced in size, weighs 15 kg. The unit with aspirator 
enables users to obtain clean grain and without the 
burdensome task of manual winnowing. 

Two models of IRRI-designed micro rice mills 
were introduced to farm villages of Camarines Sur, 
Ilocos, Isabela, Kalinga Apayao, Leyte, Pangasinan, 
Quirino, and Sorsogon in the Philippines through the 
initiative of PhilRice and IRRI Women in Rice 
Farming Systems (WIRFS) and the Engineering 
Division of IRRI. The models can mill from 1-1 1/2 
sacks ofpalay/h, with a milling recovery of67%. The 
equipment enables women particularly in remote 
villages to process their own products. 

Sri Lanka has started producing the centrifugal 
huller with aspirator for promotion. Units of the 
micro rice mill (Engelberg type) were sent to Indo
nesia and Nepal. Tests in collaboration with WIRFS 
are being undertaken. 

VARIETAL TESTING OF UPLAND CROPS AFTER 

RICE 
A regular yield trial of three upland crops
mungbean, cowpea, and peanut-with 12 entries 
each, and a replicated screening trial of 206 lines or 
cultivars of cowpea for early maturity, high grain
yield and high fodder yield were conducted. The 
trials were conducted after the main rice crop under 
high tillage condition. No fertilizer was applied 
except on peanut (40-30-30 kg NPK/ha). 
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Three mungbean cultivars gave a bean yield of 
more than I t/ha. VC 2719 from the Asian Vegetable 
Research and Development Center yielded 1.40 t/ha 
followed by IPB M82-16-70 (1.24 t/ha) and IPB 
M82-17-52(1.03t/ha).Theyalsoproducedthehigh-
est fresh fodder yield after two pickings of dry pods. 
These cultivars mature in 60-65 d. 

Cowpea gave very low yields of 0.21 to 0.44 t/ha. 
CES 81-6 and CES 41-6, entries from IPB, were the 
highest yielders and All Season, the local check, was 
the lowest. A very high degree of pest infestation 
(beantly and pod borer) and the effect of low tem-
perature accounted for the low bean yield. 

Five cultivars yielded more than 10t fresh fodder. 
All Season gave the highest yield (11.33 t/ha) fol-
lowed by IT83S-774- 1 (11.30 t/ha) and TVx-338 1-
02F (11.03 t/ha). Maturity ranged from 65 to 71 d. 
The highest bean yielders CES 81-6 and CES 41-6 
were the earliest maturing cultivars. 

Peanut cultivars IPB PN 42-14, UF'L PN-2, and 
IPB PN 48-75 yielded the most shelled bean and 
fresh fodder: 2.25-2.04 t shelled beans/ha and 13.77-
12.97 t fresh fodder/ha. EG PN-18 and Tainan, 
however, were the most resistant to Cercospora leaf 
spot disease, which occurred at the late reproductive 
growth stage of the crop. 

In the cowpea screening trial, 20 lines orcultivars 
with high grain yield and fodder yield were selected 
for a preliminary yield trial next cropping season. 
Four entries-TVx 4677-082E, TVx 2939-09D, IT 
83S-979, and IT 83F-794-3-were also identified as 
suitable for grain and fodder purposes (dual-purpose 
types). For early maturity (81 d under Guimba con-
dition, November planting), 30-40 entries with po-
tential were identified. 

Rice integrated pest management 
network 

In IRRI's Five-Year Work Plan (1990-94), pest 
management research will try to fill knowledge gaps 
and design management sirategies that will promote 

and sustain low pest populations, utilizing principles 
of integrated pest management (IPM). While re
search activities at IRRI vill address strategic issues 
in broader perspectives, more country-specific is
sues are being promoted through the Rice IPM 
Network. The network provided the forum for na-
tionalscientists,extensionspecialists,andpolicymak
ers to analyze country-specific pest management 
research and extension needs, and to develop activi
ties to fill the gaps. This was carried out through a 
series of diagnostic workshops, where a set of ana
lytical frameworks for analyzing complex problems 
were used by participants. Among the frameworks 
used were historical p:ofiles, seasonal profiles, in
teraction matrices, analysis ofpolicy options, knowl
edge structuring frameworks, and tactic discrimina
tion profiles. 

Farm surv'eys de,,,igned to provide information in 
current scenarios of farmers' pest management prac
tices are useful tools. hithe Philippines, a survey was 
conducted in collaboration with the Visayas State 
College of Agriculture (VIWCA) in Leyte to investi
gate farmers' insecticide use patterns. A large pro
portion of the insecticide sprays were applied at the 
tillering and booting stages. The 300 fanner respon
dents applied atotal of 840 sprays in 1991 WS: 37% 
at tillering and 25% at booting stage. The main pest 
targets were the rice bugs and leaf-feeding insects 
like armyworms and rice leaffolders. 

The insecticides used by farmers for various pest 
targets raise questions on farmers' pest management 
knowledge. Methyl parathion, endosulfan, and 
monocrotophos were the main chemicals used. Rice 
bugs, leaf-feeding insects, and snails were the main 
targets.
 

Since these pests are highly visible, farmers tend 

to overestimate the damage they cause. That may 

account for their misuse of highly toxic chemicals. 
The results suggest the need for more information 
that will help farmers' overcome extreme fear of 
such pests. 
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Training
 

IRRI assists and strengthens national agricul-
tural research systems (NARS) through 
various activities, one of which is training. 
The IRRI training program encompasses 
research-oriented activities and group 
training courses aimed at developing scien-
tists to solve rice production and utilization 
problems and to transfer appropriate tech-
nology. 

The goal of IRRI's training program is the 
devolopment of human resources in NARS 
and is accomplished through collaboration 
with national rice research systems, univer-
sities, and affiliated institutions. 

Subprogram I:Degree 
and postdegree training 

Management of degree and 
postdegree training 

IRRI's degree and postdegree training programs 
assist national programs by increasing the number of 
trained professionals at key strategic national insti-
tutions in each NARS. Collaboration is strengthened 
among IRRI scientists, university professors, and 
notional rice research scientists, 

IRRI's degree program provides opnortunities 
for scholars to conduct MS or Ph D thesis research 
underthe guidanc;• and supervision of an IRE!senior 
scientist. The research may be undertaken at IRRI or 
at a key collaborative location in the country. IRRI 
has established formal Memoranda of Agreement 
with more than 30 selected universities worldwide 
where scholars take course work for their degree 
programs prior to beginning research. Nondegree 
research-oriented programs enable scientists to 

undertake tutorial or on-the-job training in various 
disciplines under the supervision of IRRI scientists. 
The training is designed to impart job-specific re
search/training skills. IRRI administers the follow
ing types of scholarships as well as aType V schol
arship (short-term group training courses): 

Type I-Thesis/dissertation research only 
Type I--Course work and thesis/dissertation 

research 
Type III-Tutorial or on-the-job training 
Type IV--Collaborative research 
In 1991, 171 scholars from 28 countries in Africa, 

Asia, Europe, the Americas, and Oceania partici
pated in IRRI's degree and nondegree research train
ing programs (Table 1). Among the 171, 72 com

pleted their training programs during 1991. 

Postdoctoral research 
and midcareer training 
The program serves as a reorientation for senior 

scientists of national research organizations and 
agricultural universities who pursue in-depth re
search on problems related to mutual objectives of 
IRRI and the respective NARS. Opportunities are 
provided for exchange of scientists from research 
and academic institutions in countries where IRRI 
has established formal collaborative resear..h agree
ments. A balance is achieved between IRRI's needs 
to bring in research expertise and provide profes
sional developnent to NARS, and representation of 
the various NARS. 

During 1991, 63 scientists and fellows from 19 
countries in Asia, E' -.and the Americas partici
pated in IRRI's cot,. .ative research and fellow
ship programs (Table 2). These scientists and fel
lows conducted their research activities in eight 
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Table 1. Research scholars by region, country, and type. IRRI, 1991. 

Scholars (no.) 

Region and country Type I Type II Type Type IV 
III Total 

MS Ph D MS Ph D MS Ph D Non
degree
 

Africa 
Ghana 1 1 - 2 
Madagascar 
Somalia 1 

4 2 
--

6 
1 

Tanzania - 1 2 3 
Subtotal 1 6 5 12 

Asia 
Bangladesh 
Bhutan 

3 
-

3 
1 

9 5 
- -

20 
1 

Cambodia - 1 - - 1 
China 1 - 1 10 5 17 
India - 4 - - 2 6 
Indonesia 1 1 1 1 4 
Iran - 2 1 3 
Japan 
Korea 

3 
1 

-
-

-
4 

2 
5 

5 
10 

Myanmar 
Nepal 
Pakistan 

2 
-

-
5 
2 

4 
3 
-

-
6 
1 

1 
--

- 4 
17 
3 

Philippines 2 8 1 4 - 15 
SriLanka 1 5 4 - 10 
Thailand 1 1 4 2 - 8 
Vietnam 1 11 3 7 - 22 

Subtotal 8 27 26 46 39 146 
Europe 

Denmark - 1 - - - 1 
France -1 1 
Germany 
Netherlands 

1 1 
1 

2 
1 

United Kingdom - 1 1 2 
Subtotal 1 2 1 2 1 7 

The Americas 
Canada - - - 2 - 2 
USA 2 - 1 - - 3 

Subtotal 2 - 1 2 - 5 
Oceania 

West Samoa - 1 - - 1 
Subtotal - 1 - - - 1 

Grand total 9 32 32 51 41 1 4 1 171 

divisions, two centers, two networks, and a unit at (Note: An asterisk indicates participants who com-

IRRI headquarters (Table 3). pleted their training program during 1991.) 

SCHOLARS, SCIENTISTS, FELLOWS, N Type I-Thesis research scholarship (MS) 

AND NONDEGREE TRAINEES WHO P3ARTICIPATED Qinfang Wang, China 

IN IRRI TRAINING PROGRAMS IN 1991 Brigitte Kranz*, Germany 

The following degree scholars, scientists, fellows, Nagendra Raj Shaima*, Nepal 

and nondegree trainees participated in training pro- Ramesh Raj Pokharel*, Nepal 

grams at IRRI in 1991. The list is categorized into Arthur R. Baria, Philippines
Giselle Maurene P. Bombay, Philippines
V. i auinP a, r inTypes I-IV scholars/trainees, research fellows, col-
V chan uapamp, ThiLan

laborative research scientists, and collaborative re- Rnwhanee Suvaparp, Thailand 
search fellows. Nguyen Tri Khiem, Vietnam 
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Table 2. Distribution of scientists and fellows by region N Type I-Thesis research scholarship (Ph D)
and country. IRRI, 1991. A. Motaleb Bhuiyan*, Bangladesh 

Scientists and fallows' (no.) Abdul Quddus*, Bangladesh
Region, country Md. Fokhrul Islam, Bangladesh

RF CRS CRF Total Hans Hestvang k'crgensen*, Denmark 

Asia B.D. Medhi*, India 
Afghanistan 1 - - 1 D.N. Medhi*, India
 
Bangladesh 3 -3 C.. Dorairajan, India
 

- - 4China 4 

Egypt 1 - 1 Marappa G. Maheswaran, India
 
India 12 2 - 14 Fahmuddin Agus, Indonesia
 
Indonesia 1 - - 1 Nobuya Kobayashi, Japan

Japan 1 - - 1
 
Korea 3 3 Satomi Yoshimura*, Japan
 
Pakistan 1 1 Takashige Ishii, Japan

Philippines 8 8 Sang Yeol Kim, Korea
 
Sri Lanka 1 1 An S. Bhandari, Nepal

Thailand 2 2

Vietnam 1 1 Jay Bahadur Singh Karki, Nepal


Subtotal 39 2 - 41 Resham B. Thapa*, Nepal

Europe Surya L. Maskey*, Nepal 

Belgium 1 - 2 3

East Germany - 2 1 3 Regmi Sushil Kumar, Nepal

Netherlands - - 6 6 M. Akram*, Pakistan
 
United Kingdom - - 7 7 Usman Mustafa*, Pakistan
West Germany - 1 - 1
 

Subtotal 1 3 16 20 Presquito A. Aurir, Philippines

The Americas Edgar M. Dilla, Philippines


USA 2 - - 2 Cesar M. Limbaga, Philippines

Subtotal 2 - - 2 Bimbo Mandras*, Philippines


Grand total 42 5 16 63 Rex L. Navarro, Philippines
 

'No visiting scientists in 1991. RF = research fellow, CRS = Leocadio S. Sebastian*, Philippines
collaborative research scientist, CRF =collaborative research Carlito Solera, Philippines
fellow. 

Table 3. Distribution of scientists and fellows by division or center. IRRI, 1991. 

Scientists and fellows, (no.)Division, center, or unit 
RF CRS CRF Total 

Division 
Agricultural Engineering 1 3 4
Agronomy, Plant Physiology, 11 2 13 

Agroecology
Entomology 3 - 1 4
Plant Breedin, Genetics 11 1 - 12 

and Biochemistry

Plant Pathology 
 6 2 4 12
Soil Microbiology 2 2 2 6
Social Sciences 2 - 1 3
Soil and Water Sciences 2 2 4 

Center 
Information Center 1 - 1
Training Center 1 1 

Network 
ARFSN - 1 1
INGER 1 - 1 

Unit 
Prrject Management Systems 1 - 1 

and Biometrics 

Total 42 5 16 63 

'No visiting scientists in 1991. 
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Tolentino Moya*, Philippines 
Abdulahi Omer Egeh*, Somalia 

Aurora Garcia*, United Kingdom 

Erik Bloom*, USA 

Scott Templeton*, USA 


R 	 Type I---Course work and thesis research schol-
arship (MS) 


Md. A. Khan*, Bangladesh 

Abu Saleque, Bangladesh 

Md. Ayub Ali, Bangladesh 

G.B. Chettri, Bhutan 
Seng Tek Leng, Cambodia 

Wang Hongyong, China 

Vitus Ayingayure*, Ghana 

I. Wayan Laba*, Indonesia 
Berojo A. Rabarimandimby, Madagascar 

Daniele Marie Ramiaramanana, Madagascar 

Fidelis Justin Andrianilana, Madagascar 

Pierre Rasolofo*, Madagascar 

Moe Moe Shein, Myanmar 

Soe Hlaing, My.nmar 

Tun Winn, Myanmar 

Marlar Oo, Myanmar 

Anant Prasi.d Regmi, Nepal 

Hem Singh Bhandari, Nepal 

Raj Kumar Shrestha, Nepal 

Moses N. W. Mnzava*, Tanzania 

Duangjai Suriya-Arunroj, Thailand 

Bui Duc Quy, Vietnam 

Cam Loan Le, Vietnam 

Duc Thach Tran, Vietnam 

Le Thi Chau Dung, Vietnam 

Pham Van Chuong, Vietnam 

Vien Tran Ngoc, Vietnam 

Do Van Xe*, Vietnam 

Pham Cong Voc, Vietnam 

Phan Ti Cong, Vietnam 

Phan Ti Giac Tam, Vietnam 

Tran Ngoc Lam, Vietnam 

0 	 Type II--Course work and thesis research schol-

arship (Ph D) 


Jiban Krishna Biswas, Bangladesh 
A.W. Julfiquar, Bangladesh 
Hafiz Uddin Ahmed, Bangladesh 
M.A. Rashid, Bangladesh 
M. Islam, Bangladesh 
M.R. Ahmed, Bangladesh 
Md. A. Sattar, Bangladesh 
Md. Abdul Mazid, Bangladesh 
S.B. Naseem, Bangladesh 
Chuanyin Wu, China 
Chen Dahu, China 

Liu Xiaoqui, China
 
Liu Zhanwen, China
 
Mao Changxiang, China
 
Wang Guoliang, China
 
Wu Chuan Yin, China
 

Wu Ping, China
 
Zhang Shiping, China
 
Teng Shibiao, China
 
Roger Chris Dekuku*, Ghana
 
Dwidjono Hadi Darwanto, Indonesia
 
Tahereh Azhiri Sigari, Iran
 
Ghorban Ali Nematzadeh, Iran
 
Hyun Soon Kim, Korea
 
Kwang Hu Park*, Korea
 
Sang Eun Lee*, Korea
 
Tae Shik Park*, Korea
 
Abel Ratovo, Madagascar
 
Zafera Antoine, Madagascar
 
Bhaba Prasad Tripathi, Nepal
 
Khem Raj Sharma, Nepal
 
Lakshman Pun, Nepal
 
Pitambar Gautam*, Nepal
 
Tika Adhikari*, Nepal
 
Shyam Krishna Poudel, Nepal
 
Saeed Zahid, Pakistan
 
Irma C. Tandingan, Philippines
 
Sivaluxmy Sriyoheswaran, Sri Lanka
 
Lakshman L. Ranasinghe, Sri Lanka
 
Lionel Nugaliyadde, Sri L.anka
 
R.M.T. Rajapakse, Sri Lanka
 
Wipula K.B. Elkaduwa, Sri Lanka
 
Ashura Kihupi, Tanzania
 
Z.L. Kanyeka*, Tanzania
 
Charuwan Bangwaek, Thailand
 
Patchanee Chaiyawat, Thailand
 
Paiboon Ratnapradipa, Thailand
 
Somsong Chotechuen, Thailand
 
Nguyen Van Huynh, Vietnam
 
Phan Hieu Hien, Vietnam
 
Nguyen Manh Don, Vietnam
 

U 	 Type III-In-service, on-the-job training (non
degree) scholarship 

A.Q. Mozumder*, Bangladesh 
Md. Abu Nasir*, Bangladesh 
Md. Abdur Rauf Meah*, Bangladesh 
Habib Abul Quayyum*, Bangladesh 
Debi Narayan Rudra Paul, Bangladesh 
Fang Wang*, China 
Huang Kaihong*, China 
Lin Birun*, China 
Minggao Shen*, China 
Xiong Jianhua, China 
D.K. Sharma*, India 
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Naweed lsaak Naqvi*, India 
Syahril Darwis*, Indonesia 
Behzad Gharehyazi*, Iran 
Shao Yang Lin*, Japan 
Seiji Yanagihara*, Japan 
Seong Sook Han*, Korea 
Hung Goo Hwang*, Korea 
Kyung Ho Kang*, Korea 
Dong Soo Ra*, Korea 
Chung-Don Choi*, Korea 
Lucy Malla*, Nepal 
Thelma A. Alegado*, Philippines 
Marita I. Galinato*, Philippines 
Lualhati M. Noriel*, Philippines 
Paulino Sanchez*, Philippines 
Anura Hettiarachchi*, Sri Lanka 
M.M.A.S.K. Abeysekara*, Sri Lanka 
A.K. Wagarachchige, Sri Lanka 
M.U.N. Puhpa Kumara, Sri Lanka 
M,,nit Lauhatiranonda*, Thailand 
Nopharat Muangprasert*, Thailand 
Fleur May*, United Kingdom 
Ngo Ngoc Hung*, Vietnam 
Le Van Nha*, Vietnam 
Duong Duc Ngu*, Vietnam 
Ngo Thoi Tuyen*, Vietnam 
Pharn Hoan*, Victnam 
Duong Ngoc Thanh*, Vietnam 
Tran Thuc Son, Vietnam 
Sadang Ebais*, West Samoa 

* Type IV--Collaborative research scholarship 

(MS) 
Pamela Dee Roberts*, USA 

0 Type IV-Collaborative research scholarship 
(Ph D) 

Caroline Begg, Canada 
Henry Klein Gebbinck, Canada 
0. Panaud*, France 
Matthias Halwart, Germany 

* Type IV-Collaborative research scholarship 

(nondegree) 
Marco C.S. Wopereis, Netherlands 

Research fellowship 
Gul Ahimad Khalidi, Afghanistan 
Nurul Islam Faridi, Bangladesh 
G.C. Ghosh Biswas, Bangladesh 
Abdul Fazal M. Saleh, Bangladesh 
Wilfried Theunis, Belgium 
Dai Qui Jie, China 
Huang Jikun, China 
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Xin-Xiang Peng, China 
Xinyou Yin, China 
Abd EI-Salarn Ebaid Draz, Egypt 
Mahendra K. Satapathy, India 
U.S. Singh, India 
Rachhpal Singh, India 
Saroj Kurnar Sanyal, India 
Swati Sen Mandi, India 
Harbans Lal ;3harma, India 
Ha'bir Singh, India 
Jav/ahar Lal Dwivedi, India 
Chhabi Nath Chaubey, India 
', inoy N. Sahai, India 
rej N. Chaudhary, India 
Pradeep Kumar Sharma, India 
Zainuddin Harahap, Indonesia 
Takashiqe Ishii, Japan 
Chung-Don Choi, Korea 
Young Tae Lee, Korea 
Yoo Han Song, Korea 
M.S. Khan Rana, Pakistan 
Julia 0. Bader, Philippines 
Emerlito Borromeo, Philippines 
Cesar Demayo, Philippines 
Amulfo G. Garcia, Philippines 
Luciana M. Villanueva, Philippines 
Ireneo Manguiat, Philippines 
Genaro 0. San Valentin, Philippines 
Felix Librero, Philippines 
Gerard D. Fernando, Sri Lanka 
Chintana Chantachaeng, Thailand 
Tawee Kupkanchanakul, Thailand 

Michael C. Champoux, USA 
Peter Reimers, USA 
Do Van Cat, Vietnam 

Collaborative research scientists 
Matthias Becker, Germany 
Hans Pinnschmidt, Germany 
Ekkehard Kuerschner, Germany 
Thomas George, India 
Dilbagh Singh Multani, India 

Collaborative research fellows 

Bart Cottyn, Belgium
 
Benoit Van Coppenole, Belgium
 
Matthias Halwart, Germany
 
Hugo D. van der Gon, Netherlands 
Eduard C. Roumen, Netherlands 
Don M. Jansen, Netherlands 
Marco C. S.Wopereis, Netherlands 
Jacobus de Kraker, Netherlands 
Premchand S. Bindraban, Netherlands 
Ian C. Simpson, United Kingdom 
John L. Gaunt, United Kingdom 
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Mark B. M. Douthwaite, United Kingdom 
Charles Blessley, United Kingdom 
Hilary Warburton, United Kingdom 
Tim Chancellor, United Kingdom 
Dylan Winder, United Kingdom 

Subprogram I1: Group training 

The subprogram consists of short-term training 
courses held at IRRI, courseware development and 
production that supplements and complements group 
training courses, language laboratory and learning 
resources, and collaborative in-country training ac-
tivities with national systems. 

Short-term courses 

Development and implementation of short-term 
group training courses are linked intrinsically to 
technologies developed and generated by IRRI and 
national rice research programs. IRRI has developed 
a diversity of training courses designed to be respon-
sive to the evolving needs and rice-related problems 

of national systems. Group training courses aim to 
assist NARS scientists in enhancing their rice re
search competence and in disseminating appropriate 
technology to end-users in national systems. 

IRRI offers regular and special short-term 

courses from 2-wk to 4-mo duration. The training 
methodology focuses on learning that blends theo
retical and practical activities. About 50% of training 
time is devoted to "hands-on" laboratory work and 
field exercises and demonstrations while the remain
der of the time is devoted to lectures, discussion and 
problem-solving sessions, case studies, and, when 
applicable, the use of self-learning courseware. 

During the year, 286 trainees from 27 countries in 
regions of Africa, Asia, the Americas, and Europe 
participated in 6 regular and 12 special group train
ing courses, one of which (RSHTC) was offered 
twice. Regularly offered courses in 1991 included 
engineering in rice agriculture, genetic evaluation 
and utilization, farming systems research, sustain
able rice farming systems, irrigation water manage
ment, and training and technology transfer. Special 
courses emphasized topics in research techniques in 

Table 4. Participants in regular short-term group courses. IRRI, 1991. 

Region, countr 

Africa 
Madagascar 
Nigeria 
Tanzania 

Subtotal 

Asia 
Bangladesh 
Cambodia 
China 
India 
Indonesia 
Iran 
Koreu 
Myanmar 
Nepal 
Philippines 
SriLanka 

Thailand 
Vietnam 

Subtotal 

The Americas 
Latin America 
Surinam 

Subtotal 
Grand total 

Participants (no.) 
_ 
ERAC FSR GEU INSt IRF IWTC T3C Total 

1 5 6 
- 1 - 1 

- - 1 - 1 
- 1 1 1 5 8 

2 - - - 1 1 4 
1 3 3 - 1 2 1G 
2 1 - 2 - - 5 
2 4 3 1 3 2 15 
- 1 - 3 - 2 6 
- - - 1 1 2 
2 - - 1 - 3 
- - - 1 - 1 
2 1 - 1 2 6 
2 2 - - 5 9 
- - - 1 - 1 
- - - 4 2 6 
2 1 - 1 2 - 6 

15 13 6 16 17 7 74 

1 - - - - - 1 
- 1 1 
1 - - - 1 - 2 

16 14 6 17 19 12 84 
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Table 5. Participants in special short-term group courses, by region and country. IRRI, 1991. 

0 
-Country
3 
@ 

RM 
Consortia 

GIS QRTPE MLETC RMTC 

Participants (no.) 

RSHTC SRPTC RPTC GAT RBTC HRSP SARP Total 

;& 

o 

Africa
Burundi 
Madagar -ar 
Malawi 
Nigeria 

Subtotal 
1 
1 

- -

-
-

-

2 
1 

3 

-

-
-

-

1 
10 

-
-

11 

-
2 
2 

-

-

-

-
-

-

-

1 
12 
1 
3 

17 

Asia 
Bangladesh 
Bhutan 
Cambodia 
China 
Egypt 
India 
Indonesia 
Iran 
Korea 
Laos 
Malaysi& 
Myanrna: 
Nepal 
Pakistan 
Philippines 
SriLanka 
Thailand 
Vietnam 

Subtotal 

2 

-
-
-
5 
1 
-
-
-
-
-
3 
2 
2 
-
1 
-

16 

-
-
-
-
-
3 
-
-
-
-
-
-
-
-

-
1 
-
4 

-

1 
-
-
1 
-
-
-
-
-
-
-
-

-
2 
-
4 

14 
-

-
-
-
-
-
-
-
-
-
-
-
-

-
-

-
14 

5 
-
4 
-

1 
-
-
-
-
2 
-

2 
-
-
-

-
-

2 
16 

1 
-
1 
1 
-
-
-
-
-
-
-
-
-
-
2 
1 
-

-
6 

-

3 
7 
-
-
-
-
-
-
-
-

2 
-
-
-

-
-

-
12 

-

-
3 
2 
-
3 
3 
2 
1 
-
-

1 
1 
-

15 
-
4 
1 

36 

-

-
-
-
-
-

3 
-

-
-
-
-
-
6 
-
4 
-

13 

1 
-
-
-
-
3 
2 
-
-
-
-
-
1 
1 
1 
2 
2 
2 

15 

-

10 
-
-

1 
11 

2 
-
-
6 
-

13 
5 
-

-
2 
-

-
1 
2 
3 
-

34 

25 
3 

15 
10 
1 

24 
18 
2 
1 
2 
2 
5 
5 
3 

37 
5 

17 
6 

181 

V 

Europe
Netherlands 
United Kingdom 

Subtotal 
Grand total 

-
-
-

17 

-

-

4 

-

-

4 

-

-

14 

-

-

19 

-

-

6 

-

-

23 

1 
3 
4 

42 

-

-
13 

-
-

-

15 

-

-

11 

-
-
-

34 

1 
3 
4 

202 



pest ecology, rice seed health, biotechnology, geo-
graphic information systems, and simulation/sys-
tems analysis. Tables 4 and 5 list training partici-
pants by course and country. 

The Project Management Services and Biomet-
rics Unit continued to conduct in-house biometrics 
training courses to enhance the expertise of IRRI 
researchers and scholars in experimental design, 
analysis, and interpretation. A total of 312 research-
ers and scholars participated in 10 courses held from 
January to September 1991. 

REGULAR COURSES 

Engineering for Rice Agriculture Course (ERl' AC). 
This 6-wk course is designed to enhance the agricul-
tural engineering capability of cooperators in IRRI's 
engineering mechanization development program. 
This was formerly entitled Agricultural Engineering 
Course (AEC), a 3-wk course that covered all as-
pects ielated to design, operation, manufacture, main-
tenance, and field testing of IRRI-designed ma-
chines. With the new name and duration, the course 
broadened its coverage to include the application of 
engineering principles to sustainable farming sys-
tems, engineered pest control, and postharvest prac
tices. 

Farming Systems Research Course (FSRC). 
This 17-wk course aims to develop knowledge and 
skills in conducting farming systems research (FSR) 
and extension as these relate to research in rice 
production and sustainability of rice ecosystems. 
The course includes a training and technology trans-
fercomponentwithemphasisondevelopingtraining 
teams to implement FSR activities within an institu-
tion or region. 

Genetic Evaluationand Utilization(GEU). This 
16-wk course is designed to enhance the basic skills 
essential in opcra1ting and managing rice germplasm 
improvement programs. The course complements 
IRRI's genetic evaluation and utilization work, and 
is supported by UNDP as part of the seed improve-
ment network. The course will be discontinued after 
1991 to allow for developm!!nt of other upstream, 
specialized IRRI courses. 

International Network on Soil Fertility and 
Sustainable Rice Farming (INSURF). This 16-wk 
course aims to provide theoretical and practical 
aspects on soils, fertilizers, and experimental tech-
niques to researchers and technicians of national 
programs involved in the INSURF program. The 

course focuses on ecological and economic sustaina
bility issues related to soil fertility and fertilizer man
agement in rice ecosystems. 

Irrigation Water Management Training 
Course (IWMTC). Designed to enhance partici
pants'concepts, understanding,knowledge, and skills 
in effective and efficient management of irrigation 
water, this course emphasizes technical, soil-plant, 
economic and socio-institutional factors that indi
vidually and interactively determine water use effi
ciency in irrigated agriculture. A 10-d field exercise 
in a Philippine irrigation system provides first-hand 
experience in the application of improved manage
ment concepts and practices. 

TrainingandTechnology Transfer Course(T3C). 
Designed to provide knowledge in the latest con
cepts and skills used in human resources develop
ment and extending technology, this course relates 
modem principles of educational and information 
technology to designing methods and materials that 
have immediate application in training and technol
ogy transfer. It promotes a team concept in training 
and trains participants to disseminate information 
and skills in farmer or institutional settings. 

SPECIAL COURSES 
Advanced Workshop in Research Management 
for Rainfed Lowland Rice Consortium and the 
International Collaboration on Rice/Wheat Pro
gram (RM Consortia). This 8-d advanced work
shop cum training provides management theories, 
framework, and skills applicable for consortia site 
coordinators to implement the rice research work 
plans and projects at key sites in various ecosystems. 
The program emphasizes enhancing managerial 
competence associated with effective and efficient 
operations of rice research programs. 

Geographic Information Systems (GIS) Train
ing on Extrapolation of Agricultural Technolo
gies. This 2-wk course measured the impact of 
environmental paramete: s to increase food produc
tion, income, and livelihood. Participants are pro
vided with knowledge aad skills in extrapolation of 
agricultural technologies. 

QuantitativeResearch Techniques in Pest Ecol
ogy (QRTPE). This 8-wk course imparts a working 
knowledge of quantitative research techniques in 
pest (insect and disease) ecology research. It in
cludes theory and practice of methods for measuring 
insect populations and disease intensity; field sam-
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piing techniques, monitorivg techniques for eco-

logical attributes in rice-pest systems, and use of 

microcomputers to analyze research data on pest 

ecology, 
Managerial Leadership Enhancement Train-

ing Course (MLETC). With the objective of assist-
ing national research and development organiza-

tions in building their management leadership capa-

bilities, this 3-wk course was designed to strengthen 
the analytical ability, skill, knowledge, and com-

mitment of Noakhali Rural Development-l (NRD) 
project officers from Bangladesh. The course was 

developed and conducted in collaboration with the 
Department of Development Management, College 

of Economics and Management, UP at Los Baflos. 

Research Management Training Course 
(RMTC). This 3-wk course was designed to en-

hance leadership and managerial competence of 
mid-senior level leaders and managers of research 

institutions in national rice research systems. It aims 

to assist in building national research and develop-

ment organizational and management expertise so 

participants c:n assume effective leadership roles in 

their countries' rice research and development pro-

grams. The course was developed and implemented 
in collaboration with the Research Management 
Center, UP at Los Bafios. 

Rice Seed Health Training Course (RSHITC). 

This 4-wk course trains laboratory technicians and 

seed specialists in detecting and identifying seed-

borne pathogens of rice. It focuses on seed health 
testing methods and techniques to detect fungi, 
bacteria, nematodes, weed seeds, amid insects infest-

ing rice seeds. 
Special Rice Production Training Course 

(SRPTC). This 14-wk course provided theory and 

practical experiences in rice production, irrigation 
systems management, farming systems research, 

and technology transfer/extension. It exposed train-

ees to participatory management through a 2-wk 

training conducted by the College of Engineering, 
Central Luzon State Univesity, Nueva Ecija, Philip-
pines. 

Two-m eek Rice Production Course (2-wk RP). 

This 2-wk course was conducted forjunior research-

ers, extension workers, and innovative farmers to 

update their knowledge and skills on the new tech-

niques of wetland rice culture. It covers the basic 

concepts of the rice plant and improved cultural 

practices with emphasis on skills in rice production. 
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Gender Analysis and its Application to Farm
ing Systems Research (GA). This 2-wk course 

aimed to enhance participants' understanding of 

gender analysis and its application in technology 
development, extension, and training in a fanning 

systems framework. It focuses on women's roles and 
concerns in agricultural reseafch and development 
work as well as provides opportunities to strengthen 

linkages between biological and social scientists in 

responding to gender issues. 
Rice Biotechnology Training Course (RBTC). 

This 8-wk course familiarized rice scientists from 

developing countries with new biotechnology tools 
and their potential to solve problems encountered in 

modem rice improvement programs. 
Hybrid Rice Seed Production Course(HRSPC). 

This 3-wk course focused on hybrid rice technology 

that involves raising commercial rice crop from F, 
seeds and was designed to develop the skills neces

sary in producing and processing hybrid rice seeds. 

Adoption of seed production technology can be 

partly accomplished ihrough training personnel and 

rice seed growers involved in hybrid rice seed pro

duction. The course was funded by a grant from the 

Italian Government through its Seed Technology 
and Tissue Culture Research for Economic Produc
tion of Hybrid Rice Project. This course was offered 
twice in 1991. 

Systems Analysis and Simulation in Rice Pro

duction (SARP). This 8-wk course aimed to de

velop expeilise and capabilities to implement sys

tems analysis and simulation of rice production. It 

emphasized modeling as a tool to improve research 

and extension activities in rice production. Funds for 

this course were provided by the Centre for Agrobi
ological Research (CABO), Netherlands. 

PARTICIPANTS IN GROUP TRAINING 

COURSES IN 1991 
Regular courses 
Engineeringfor Rice Agriculture Course (ERAC) 

M. Abul Quasem, Bangladesh 
M. Abdul Quddus Miah, Bangladesh 
Chhim Bunsan, Cambodia 
Xuan Hong, China 
We Hualiang, China 
Satya Pal, India
Satyanarayan Mohanty, India 
K an g-y oHo n , Inia 

Ki-cheol Seong, Korea 

Andre Leury, Latin America 
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Merina Pradhan, Nepal 
Okendre Budhathoki, Nepal 

Jaime Batocabe, Philippines 

Cyprian Torralba, Philippines 

Diem Nguyen The, Vietnam 

Si Tram Nguyen, Vietnam 


Farming Systems Research Course (FSRC) 
Meng Chheang, Cambodia 

Nam Sam, Cambodia 

Sak Chocun, Cambodia 

Xiaodi Wei, China 

Singh On Prakash, India 

Dilip N. Shindey, India 

Chandra Vir Singh, India 

Wagle Sudhir Mahohar, India 

Djamaluddin Sahari, Indonesia 

Martin F. Rakotondrasata, Madagascar
 
Babu Ram Banstola, Nepal 

Wilfredo B. Balatibat, Philippines 

Rolando 0. Retales, Philippines 

Hoang Thi Xuan Dau, Vietnam 


Genetic Evaluation and Utilization Course (GEU) 
Chhim Sarin, Cambodia 
Sin Suvith, Cambodia 
Sok Heng, Cambodia 
S.S. Rao, India 
D.K. Hore, India 
Habibollah Ar~fi, India 

International Nttwork on Sustainable Rice Farming 
S'ystenis (INSURPF) 
ia Feng, China 
Yanging Zhang, China 
SP. Ramanathan, India 
Gustami, Indonesia 
Rahayu Tejasarwana, Indonesia 
Anicetus Wihardjaka, Indonesia 
Naser Saadati Sheyadeh, Iran 
Jong Sik Lee, Korea 
Khin Maung Tint, Myanmar 
Bharat Mani Adhikari, Nepal 
Isah Abdullahi Gatawa, Nigeria 
Jayasundera Bandara, Sfi Lanka 
Seree Chaiyapanthu, Thailand 
Suwat Jearakongman, Thailand 
Panjapom Lertrat, Thailand 
Somkiat Wattakawisran, Thailand 
Thuaii Duc Nguyen, Vietnam 

Irrigation Water Management Training Course 
(IWMTC) 
Abu Turab Mohd. Ali Choudhury, Bangladesh 
Tout Saravout, Cambodia 

Dinesh Chandra, India 
V. Rajendran, India
 
Giri Raj Singh, India
 
Manzoor Saremi, Iran
 
Pumedu Shekhar Sharma, Nepal
 
Mahendra Kumar Yadav, Nepal
 
Arsenio Moreno Araco, Philippines
 
Sesinando Constantino, Philippines
 
Baldwin Jallorina, Philippines
 
Felix Jose. Philippines
 
Ronald Vinegas, Philippines
 
Lila August Wilfred, Surinam
 
Affman Othman Maalim, Tanzania
 
Sa-ngob Arunthong, Thailand
 
Ekjit Tripakvasin, Thailand
 
Pham Si Cuong, Vietnam
 
Pham Thi Dung, Vietnam
 

Training & Technology Transfer Course (T3C) 
Muhammad Nasir, Bangladesh 
Mak Solieng, Cambodia 
Van Kim San, Cambodia 
Ramgopal Singh, India 
B.S.N. Reddy, India 
Zadry Hamsah, Indonesia 
Arif Musaddad, Indonesia 
Olga Razafinirina, Madagascar 
Jeanine Ravatomanga, Madagascar 
Victor Rakotoniaina, Madagascar 
Desire Andrianorosoa, Madagascar 
Ravalitera Andriamalanto, Madagascar 

Special courses 
Advanced Workshop in Research Management for 
Rainfed Lowland Rice Consortium and the Interna
tional Collaboration on Rice/Wheat Research 
Program 
Liakat Ali, Bangladesh 
A. Motaleb Bhuiyan, Bangladesh 
S. Mallik, India 
Braja Bhoosan Singh, India 
Y. Singh, India 
R.K. Singh. India 
S.P. Karwasra, India 
Suprapto, Indonesia 
Keshab Datta Joshi, Nepal 
Ghana Shyam Gir, Nepal 
Dambar Bahadur Tamang, Nepal 
Franklin Jacob Abamu, Nigeria 
Md. Munir, Pakistan 

Md. Sarfraz Iqbal, Pakistan 
Pompe Sta. Cruz, Philippines 
Teresita Marcos, Philippines 
Poonsak Mekwattanakam, Thailand 
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GeographicInformationSystems (GIS) Trainingon 
ExtrapolationofAgriculturalTechnologies 
Zainal Arifin, Indonesia 

Djojosoegito Marsoedi, Indonesia 

Khairiah, Indonesia
 
Narong Hutanuwatr, Thailand 


Quantitative Research Techniques in PestEcology 
1QRTPE) 
Wen Lizhang, China 
Yanfirwan Yanuar, Indonesia 
Parkpian Arunyanart, Thailand 
Narong Chantaraprapha, Thailand 

Managerial Leadership Enhancement Training 
Course (MLETC) 
Ahmed Humayun Kabir, Bangladesh 
Md. Abdullah, Bangladesh 
Jacinta Gonsalves, Bangladesh 
Samar Prasad Das, Bangladesh 
Rezaul Karim Chowdhury, Bangladesh 
Mohammad Mohsin, Bangladesh 
Md. Masud Hossain, Bangladesh 
Ferdousi Sultana, Bangladesh 
Zainab Akhter, Bangladesh 
Md. Abul Hashem, Bangladesh 
A.B. Mukhlesur Rahman, Bangladesh 
Md. Abdullah Sani, Bangladesh 
Munir Ahmed, Bangladesh 
Luis Herrera, Bangladesh 

ResearchManagement Training Course (RMTC) 
Nazira Quraishi Kamal, Bangladesh 
Md. Anwarul Islam, Bangladesh 
Khairul Alam Billah, Bangladesh 
Zahurul Haque, Bangladesh 
Nurul Islam Bhuiyan, Bangladesh 
Try Meng, Cambodia 
Cheng Phan, Cambodia 
Samreth Pech, Cambodia 
Ouk Phal, Cambodia 
Fawzi Naiem Mahrous, Egypt 
Viengsavanh Manivong, Laos 
Chounthavong Bounliep, Laos 
Rakotonirainy, Madagascar 
Rakotonjanahary, Madagascar 
Austin Suzgo Kunwenda, Malawi 
John Ba Maw, Myanmar 
Khin Thzn Nwe, Myanmar 
Din Van Cu, Vietnam 
Bui Chi Buu, Vietnam 
Rice Seed Health Training Course (RSHTC) 
A.K.G. Md. Enamul Haque, Bangladesh 
Xie Guang Lin, China 
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Suon Chhim, Cambodia
 
Myra dela Cruz, Philippines
 
Lorelie Agbagala, Philippines
 
G.M. Chandrasena, Sri Lanka 

SpecialRice Production Training Course (SRPTC) 
Tandin Dorji, Bhutan 
C.P. Rai, Bhutan
 
Nima Weezer, Bhutan
 
Felix Ntahomvukiye, Burundi
 
Sothy Hout, Cambodia
 
lv Phirun, Cambodia
 
Visarto Preap, Cambodia
 
Kim Sereikith, Cambodia
 
Kuch Kallya, Cambodia
 
Houl Mcng Lee, Cambodia
 
Moul Phat, Cambodia 
Daniel Rabenitary, Madagascar 
Alisoa Rachelle Olive Raharison, Madagascar 
Soldier Salomon Rahetlah, Madagascar 
Dieudonne Rakotomampianina, Madagascar 
Thomas Rakotonirina, Madagascar 
Andrianasolo Rakotonierana, Madagascar 
Arsene Randrianantenaina, Madagascar 
Victor Fidele Razanadrakoto, Madagascar 
Jose Elysee Solofomampionona, Madagascar 
Ignace Lonyaule Stefiarison, Madagascar 
U.N. Naw Gyi, Myanmar 
UThan Tun, Myanmar 

Two-week Rice ProductionCourse (2-wk RP) 
Chim Sarin, Cambc dia 
Sin Sovith, Cambodia 
Sok Heng, Cambodia 
Jia Feng, China 
Zhang Yanging, China 
S.S. Rao, India 
D.K. Hore, india 
Ramanathan Subbiah, India 
Gustami, Indonesia 
Rahayu Tejasarwana, Indonesia 
Anicetus Wihardjaka, Indonesia 
Habib Allah Arefi, Iran 
Naser Saadati Sheyadeh, Iran 
Jong-sik Lee, Korea 
Khin Maung Tint, Myanmar 
Bharat Mani Adhikari, Nepal 
Premchand Bindraban, Netherlands 
Abdullahi Isah Gatawa, Nigeria 
J.M.P. Bandara Jayasundera, Nigeria 
Arlene Baulita, Philippines 
Byron Candole, Philippines 
Cecilia Depositario, Philippines 
Carlos Huelma, Philippines 
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Armel Maligaya, Philippines 

Arielo Manila, Philippines 

Robert Ona, Philippines 

Hilary Warburton, UK 

David Dawe, Philippines 

Reynaldo Padilla, Philippines 

Esperidion Sales, Philippines 

Redentor A. Natividad, Philippines 

Rolando Bugayong, Philippines 

Adriano Sapin, Philippines 

Jose Mar Valmayor, Philippines 

Seree Chaiyapantu, Thailand 

Suwat Jearakongman, Thailand 

Panjaporn Lertrat, Thailand
 
Somkiat Wytakawigran, Thailand
Charles Blessley, United Kingdomn 

Mark B.M. Douthwaite, United Kingdom 

DeeAnna Kay Adkins, USA
uanVie namM 

Nguyen Duc Thuan, Vietnam 


N g uy n D c T 

Gender Analysis and its Application to Farming 
Systems Research 
Wafiah Akib, Indonesia 

Siti Dewi Indrasari, Indonesia 

Cahyati Setiani, Indonesia 

Emelita Reyes, Philippines 

Genevieve Falag-ey, Philippines 

Rosalina Velasquez, Philippines 

Minda Agarao, Philippines 

Rosalinda Balse, Philippines 

Nida de Guzman, Philippines 

Benjaratna Sawantrat, Thailand 

Pachanee Niamsrichand, Thailand 

Sukum Khunyean, Thailand 

Banjongsak Pakdee, Thailand 


Rice Biotechnology TrainingCourse(RBTC)
Md. Safiullah Pathan, Bangladesh 
G.J.N. Rao, India 
K.G. Bhat, India 
Harsh Raman, India 
Muhammad Herman, Indonesia 
Alberta Ambarwati, Indonesia 
K.R. Regmi, Nepal 
Emily Corpuz, Philippines 
Azra Qureshi, Pakistan 
Merennga Hector Mendis, Sri Lanka 
Bangamuwage Dharmadas Pathirnayake, Sii Lanka 
Kingkam Pitchayakum, Thailand 
Rongrong Visessuwan, Thailand 
Doan Thi Binh, Vietnam 
Ngo Huu Nhi, Vietnam 

Hybrid Rice Seed Production Training Course 
(HRSP) 
Jimmy Abarabar, Philippines
 
Marie Ablaza, Philippines
 
Roselyn Argumento, Philippines
 
Imelda dela Cruz, Philippines
 
Jesusa Curioso, Philippines
 
Rogelio Escobar, Philippines
 
Nancy Gawac, Philippines
 
Winfred Libunao, Philippines
 
Eleuterio Ortega, Philippines
 
Romualdo Ortuste, Philippines
 
Levan Nha, Vietnam
 

System; Anolysis andSimulationin Rice Production(SARP) 

Md. Aminul Haque, Bangladesh
 
Md. mul Hue, Bangladesh
d. Musherraf H ussein, Bangladesh
 
Chen Zhongxiao, China
 

Ma Jufa, China 
Zhu Defeng, China
 
Wu Yunying, China
 
Pan Deyun, China
 
Yan Li Jiao, China
 
R.N. Dash, India 
M.V.R. Murthy, India 
P.R. Reddy, India 
B. Mishra, India 
R.K. Pathak, India 
R.A. Singh, India 
S. Mohandass, India 
V. Narasimhan, India 
S.Palanisamy, India 
N. Kalra, India 
K. Palanisami, India 
S. Ramasamy, India 
M. Selvarajan, India 
Abdul Karim Makarim, Indonesia 
Sutoro, Indonesia 
Susanto Tirtowirjono, Indonesia 
Aan Daradjat, Indonesia 
Rahayu Tejasarwana, Indonesia 
Md. Norowi Hamid, Malaysia 
A. Rajan, Malaysia 
Jesusita Omo, Philippines 
G.A. Gunatilaka, Sri Lanka 
Dalmi Wickremasinghe, Sri Lanka 
Sirichai Kanlayanarat, Thailand 
Krirk Pannangpeth, Thailand 
Weena Mekwattanakam, Thailand 
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Courseware development 

IRRI-developed courseware documents technical 
rice-related information in self-learning, multime-
dia formats. Research has shown that properly de-

signed courseware can enhance learning by 30 to 

50% over conventional instruction and can assist in 
overcoming language problems. 

The Training Center is intensifying efforts in 

producing relevant ccurseware, especially for more 
advanced, upstream training courses. Concurrently, 
we assist the weaker NARS by providing IRRI-

developed courseware that can be readily trans-
ferred, adapted, and translated, if necessary. IRRI 

an essential component ofcourseware has become 

course development and implementation and an 
essential entity in collaborative training activities 

with national systems. 
In 1991, 48 courseware titles in multimedia for-

mats were developed and produced for short-term 
courses in Rice Production (RP), Training and Tech-

nology Transfer (T3C), Farming Systems Research 
(FSR), Systems Analysis and Simulation in Rice 

Production (SARP), Genetic Evaluation and Utiliza-

tion (GEU), and general promotion of training. The 

multimedia formats included 27 print-on-paper, 17 

slide/tape modules with accompanying self-learning 

and test booklets, I interactive computer-aided in-

struction, and 3 video instruction. In addition, 7 

courseware titles were in various phases of comple-
tion as of 31 Dec 1991 (Table 6). 

The Training Center and IRRI's Communication 
(CPS) jointly initiatedand Publications Services 

development of video instruction on certain rice 
research and production skills. Video format pro-

vides sound, motion, and rich visual experiences to 

enhance learning. Another collaborative courseware 
development project was undertaken with the Sys

tems Analysis and Simulation in Rice Production 

Project (SARP). A 15-module courseware package 
was developed and produced; it consisted of slide 
sets, taped narration, and boot: lets. This courseware 

package was field-tested in 3ARP training courses 

held at IRRI headquarters and in India. 

During the year, 37 IRRI-developed couseware 

were adapted and translated into the Khmer Ian-

guage (Table 7). These training materials were used 

to support in-country training courses held in Cam-

bodia on Rice Production (RP), Training and Tech-

nology Transfer (T3C), and Standard Evaluation 

System for Rice (SESR). 
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Table 6. IRRI-developed courseware, Training Center, 
1991. 

Titles (no.) 
Courseware lines and areas 

Produced In pipeline 
as of 31 Dec 

Print-on-paper (POP) 
* 	 Objectives manuals 

3RP 
.	 Basic skills booklets
 

T3C 7
 
RP 
 1 

* 	 Guidebooks
 
FSR 2
 
T3C 	 2 1 

* 	 Brochures 
General (training) 13 

Slide-tape modules (STM)
T3C 	 1 1 
RP 2
 
FSR 
 4 2 
SARP 	 10 1 

Interactive computer-aided
 
instruction (ICAI)
 

RP 
 1
 
Video instruction (VI)


RP 1
 
GEU 1,
 
General (briefing) 1
 

1Pesticide usn(briefing) 

InU-matic and V-8 format. 

Table 7. IRRI-developed courseware adapted or trans
lated into Khmer. 

Courseware lines 	 Titles (no.) 

Print-on-paper
 
Skills booklet series 33
.	 RP 

* 	 T3C 1 
1. SESR 


Objectives manual
 
v RP 	 1 
• T3C 	 1 

Language laboratory and learning
 
resources
 

Tie English as a Second Language (ESL) Learning 

Resources facility began operation in 1991. The 

facility provides self-learning and tutorial courses to 

assist IRRI scholars and trainees improve theirEnglish 

proficiency skills. An additional function is to or

ganize and implement technical writing courses to 

assist scholars in improving their scientific writing 

skills. Software is being developed to support both 

activities. 



Coupled with this facility, the IRRI English Exam 
has been developed to screen candidates for IRRI 
training in research-oriented degree/nondegree pro-
grains and short-term group training courses. The 
IRRI English Exam consists of two parts: Vocabu-
lary and Reading Comprehension, and Listening 
Comprehension. The exam is administered in-coun-
try at least 2 mo before the training program begins. 
Examination forms are made available to IRRI in-
country representative scientists in collaborating 
NARS. 

Collaborative in-country training 

IRRI continues to assist in strengthening the training 
capabilities of NARS through collaborative in-coun-
try training activities. Upon request, IRRI assists in 
organizing and implementing group training pro-
grams in collaboration with in-country teams, most 
of whom are IRRI alumni. IRRI also provides spe-
cialists to complement the existing NARS scientists 
and personnel in conducting in-country training 
courses. In 1991, Bhutan and Cambodia requested 
IRRI assistance to establish their own in-country 
training programs in rice production through atrain-
ing of trainers approach. 

During the year, 347 NARS rice scientists from 8 
Asian countries participated in 13 short-term group 
training courses. These courses focused on inte-
grated pest management, rice production, training 
and technology transfer, teaching improvement skills, 
standard evaluation for rice, gender analysis, re-
search data analysis, and computerization of 
agroeconomic data. Courses were designed, devel-
oped, and implemented to address specific training 
needs of rice scientists in the requesting NARS. 

To further strengthen NARS training capabilities, 
aCollaborative Training Workshop was held at IRRI 
in October 1)9 1. Invitees were selected participants 
from key NARS universities and national rice re-
search institutes in China, India, Indonesia. Philip-
pines, and Thailand. Workshop objectives were to 
identify regional priority training needs and strengths 
of participating NARS universities/rice research 
institutions and explore ways to 
M enhance collaboration in Ph D degree training, 

and 
* 	 establish an innovative regional rice research 

training program involving collaboration and 
division of labor in offering short-term group 
training courses to international participants. 

As aresult of the workshop, ageneric memorandum 
of 	agreement has been prepared to be signed by 
each participating NARS university or rice re
search institute and IRRI. Operational guidelines 
and procedures have been set up for implementing 
a collaborative Ph D degree program and regional 
group training cour,;e programs and a grant pro
posal was developed for submission to donors to 
effect these training activities. 

Conclusion 

Significant changes in focus and perspective for 
IRRI's training program were evident in 1991. Two 
new internationally recruited staff joined the Train
ing Center: the Head and a Training and Courseware 
Specialist.The management developedand approved 
an organizational structure and staffing pattern that 
will allow the Center to accomplish its mandate and 
objectives indicated in the 5-yr strategic work plan. 

During June 1991, an external peer review of 
IRRI's training program and operations was con
ducted. The 3-member external review team as
sessed 
U progress, present orientation, and future direction 

of IRRI's training program; 
M linkages between the training program and IRRI 

research programs, and IRRI scientists' role and 
responsibilities in training activities; 

M the relevance of IRRI training programs in meet
ing the needs of NARS; and 

0 	 suL, :,_ ramsandadnistrative operationsofthe 
TrainingCenterincludingitsorganizationalchart, 
staffing pattern, and responsibilities. 

The review team generally agreed with the goals and 
focus of IRRI's training program as outlined in the 5
yr strategic work plan. The team also concurred with 
the Training Center's planned activities to imple
mnent the subprograms degree/postdegree and group 
training. The team submitted 19 recommendations 
to IRRI; most of them have been accepted by man
agement for implementation. 
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International programs 
Country and regional projects 

Bangladesh 272 
Bhutan 273 
Cambodia 273 

Translation and publication of training materials 273 
Infrastructure and equipment development 274 
Rice ecosystems analysis 274 
Field research 274 

Egypt 275 
Research initiatives 275 

Eastern, Central. and Southern Africa 275 
India 275 

Rice ecosystems analysis 276 
Crop management 276 
Croppingesystems 276 

Lao PDR 277 
Reseorch network de, elopment 277 
Rainled lowland research 277 
Rainfed upland research 277 
Cooperative research links 278 
Training 278 

Latin America 278 
Madagascar 279 

Improved r~cc v',rieties for the higL plateau 279 
Efficiency of phosphorus root dip for rice in problem soils 280 
Rice yellow mottle virus 280 

Myanmar 280 
Site characterization 281 
Farmers' evaluatiors and new selections (FENS) 281 
Rice gennplasm colection 281 
Green manure program 281 
Consumers' rice grain quality preference 282 

Sri Lanka 282 
Vietnam 282 
Other NARS-IRRI collaboration 282 

Brunei Darussalain 282 
Indonesia 283 
Malaysia 284 
'Ihailand 284 



Country and regional projects
 

During 1991, IRRi continued to work closely 
with national rice programs in the imple-
mentation of country and regional projects. 
IRRI sc!ontists collaborated with national 
scientists in 16 countries in South and 
Soituieast Asia, Africa, and Latin America. 
The activities continue to focus on facilitat-
ing and unoertaking research to generate 
and disseminate rice-related knowledge and 
technology, and strengthening the rice 
research capacity and capabilities of national 
agricultural research systems (NARS). 

Bangladesh 

Continued funding from the U.S. Agency for Inter-
national Development and the Canadian Interna-
tional Development Agency to the Bangladesh Rice 
Research Institute (BRRI)-IRRI Rice Research and 
Training Project enabled the research systems spe-
cialist/!RRI representative and the rice farming sys-
tems specialist to continue work with the project 
through December 1991. Support was provided for 
training, networking, and procurement. In addition, 
BRRI ard IRRI scientists worked together on 13 
cclhaborative research projects funded by IRRI and 
BRRL. 

bXRl scientists s,,,rted collaborative research in 
the raitifed lowland rice consortium and on rice 
wheat systems. This research complements the Rain-
fed Rice Research Project that the International Fund 
for Agricultural Development funds through IRRI. 
In this project, environmental analysis, varietal 
improvement, soil-crop management, and rice crop-
ping systems research are carried out in four rainfed 
rice ecosystems in Bangladesh. 
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BRRI and IPRI continuedto collaborate on deep
water rice (DWR) systems research. The DWR area 
covers more than 2.8 million ha, only 0.9 million ha 
of which is planted to DWR. The area has potential 
as a rich inland fisheries resource since about 80% is 
submerged from n'.id-June to November. Where 
irrigation facilities are not available, a cropping 
pattern of early seaion rice (aus) followed by DWR 
and winter crops (rabi) is a common agricultural 
practice. In irrigated areas, however, winter rice 
(boro) is widely planted. 

During 1991, the BRRI Rice Farming Systems 
Division introduced fish culture in DWR fields and 
in open water where nylon nets were used to develop 
apen culture. Thai Sarputi, common carp, and grass 
carp were very promising, producing as much as 5 t 
of fish/ha. Performances of Indian carp such as 
Rohu, Catla, and Mrigal were disappointing. Thai 
Sarputi and grass carp did equally well in monocul
ture and polyculture systems; both species can make 
good use of the natural weed vegetation and azolla 
that grow in the open water. The trials have drawn the 
attention of researchers, extension workers, and 
farmer cooperators. 

BRRI and IRRI collaborate on varietal improve
mentthroughnetworkingamongscientists,exchange 
of germplasm, and INGER. BRRI scientists ccaduct 
varietal improvement research for irrigated winter 
rice (boro), rainfed upland (dircv_ seeded aus), rain
fed or partially irrigated lowland (T. aus), rainfed 
lowland (T. aman), and deepwater (B. aman) rice 
ecosystems. During 1991, several advanced breed
ing lines were proposed to the National Seed Board 
(NSB) for release as varieties. BR4290-3-3-5 and 
BR425-189-1-6-2-1 - 1were approved by the NSB as 
BR24 (Rahmat) for direct seeaed aus and BR25 
(Naya Pajam) for T. aman season. 

(9 .
 



BR24 is about a meter tall and matures in 100-
105dwithayieldof2.5-3.0t/ha. lts medium slender 
grains have good milling recovery and acceptable 
cooking and eating qualities. BR25 is an improved 
Pajam (Mahsuri), but grows taller, has earlier matur-
ity and higher grain yield, and is more tolerant of 
diseases than Pajam. 

Three more breeding lines-IR4495-70-2-2-3 for 
T. aus, and BR850-22-1-4 and BR 1725-13-7. 1-6 for 
T. aman-were proposed to the NSB and field evalu-
ation was completed. These lines have additional 
advantages over the existing varieties as regards 
yield, disease resistance, and grain quality, 

Rice production in Bangladesh has steadily in-
creased, from about 9 5 million metric tons of milled 
rice in 1971 to 18.3 million metric tons in 1991. A 
recent study on the econorr ic impact of rice research 
in Bangladesh showed an estimated marginal pro-
ductivity of 36.4, which is the average expected 
return from one unit (taka) increase in research 
investment. 

The BRRI-IRRI farming systems specialist has 
developed a computer software program called 
FARMACTION to assist in the anaiysis of relevant 
aspects of small farm operatioiis for on-farm re-
search. The software provides a format for system-
atic collection, storage, analysis, and comparison of 
data for farming systems research. The software is 
being used for ex ante analysis of existing farming 
systems and for developing farm plans for on-far 
research within the major rice ecosystems in Bang-
ladesh. 

Bhutan 

Research in Bhutan focused on rice varietal im-
provement and improved crop management. IR20913 
was recommended as a second crop because it es-
caped the cold temperature at flowering. Direct 
seeded rice gave yields comparable with that of 
transplanted rice and reduced the necessity of raising 
seedlings under nolyethylene tunnels. 

Research a. ved at the following conclusions, 
Dhaincha as prerice green manure increased rice 
yield by about 30%. Chinese milk vetch performed 
well in high and medium altitudes. Optimum crop 
establishment periods were identified. Under 
Wangdi-Punakha conditions, 1R64 and local Zakha 
are best transplanted in Jane. At medium altitudes, 

IR20913 and Milyang 54 should be transplanted 
between mid-June and mid-July; and local Vema, 
between end-May and end-June. At lower altitudes, 
Milyang 54 and E18 should be transplanted from 
end-May to mid-June while IR209i 3 can be delayed 
up to early August. 

Cambodia 

Phase IIIof the Australian Government (Australian 
International Deve!opment Assistance Bureau)
funded project in Cambodia commenced in July 
after a 5-yr extension was approved. The initial 
amount granted was 1.5 million Australian dollars 
per year, but this is expected to increase in 1992 after 
an Australian mission reappraises country expendi
lures. 

At the end of 199l,three IRRI staffmembers (two 
scientists and one administrative assistant) were sta
tioned in Cambodia. The soil scientist's position has 
yet to be filled. In addition, the project had a core
funded postdoctoral fellow working on the plant 
breeding program. 

Cambodia was devastated by floodwaters off the 
mountains of Cambodia and rising water from the 
Mekong River and Tonle Sap Lake. An estimated 
200,000 ha of riceland was destroyed, in addition to 
damaged properties, research facilities, and research 
trials. Nevertheless, the Cambodia-IRRI Rice Proj
ect was able to pursue several activities (training, 
infrastructure and equipment development, rice 
ecosystems analysis, and technology transfer) and t(, 
coordinate an extensive research and germplasm 
conservation program. 

TRANSLITION AND PUBLICATION OF TRAINING 
MATERIALS 

The project continued to translate and print technical 
booklets for extension purposes. Ten thousand cop
ies each of nine Skills Development Series booklets 
were translated into Khmer and printed. A Farmer's 
Primer on Growiig Rice (in Khmer) was also re
printed (10,000 copies). In addition, four baseline 
surveys (200 copies each) and the 1989 Research 
Report (500 copies) in English were printed for 
distribution to cooperators. Translated and ready for 
printing is Teckniquesfor Field Experimeilms with 
Rice while a technical glossary is being translated. 
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INFRASTRUCTURE AND EQUIPMENT 
DEVELOPMENT 
Earthwork started at the Cambodian Rice Research 
and Development Institute site during the first se-
mester, but ceased with the onset of the wet season. 
Earth moving and compaction will recommence at 
the beginning of 1992. Funding for major building 
constructions isbeing requested from UNDP. 

RICE i-COSYSTE-MS ANALYSIS 

Provincial rice ecosystem map,; (1:250,000 scale) 
and a national map (1:1,000,000 scale) were pre-
pared by the land use consultant during the year. In 
1992, the maps will be finalized, printed, and copies 
distributed to provinces for research, extension, and 
data collection purposes. 

Baseline surveys conducted by the project tech-
nology transfer specialist were finalized and printed 
during the year. They have proven extremely popu-
lar among Cambodian and expatriate researchers. 

FIELD RESEARCII 

Many of the research programs were permanently 
damaged by floods in August and September. 
However, more than 100 researchers continued to be 
actively involved in the design, planning, manage-
ment, and reporting of the research. This hands-on 
approach and frequent visits by IRRI personnel and 
senior counterpart staff members have dramatically 
improved the quality of research conducted in 
manyprovinces. Theresearch can be classified under 
I ) integrated nutrient management, and 2) the vari-
etal improvement program. 

Integrated nutrient management. Research 
conducted during the year revealed that raising the 
organic matter of the soil would improve rice yields. 
At the farm level, growing green manure Sesbania 
rostrata beforc rice increased yieldsby an average of 
40%. Applications of phosphate rock had positive 
long-term effects on the acid soils ofCambodia. The 
ini.*al dramatic yield increasesafterapplication were 
tempered over time. However, dry matter yields 
were 100% higher at 1,200 kg phosphate rock/ha 
than the conrol after three seasons. The different 
elemental requirements on various soils al!;o were 
further defined through the conduct of inorganic 
fertilizer experiments, 

Difficulties of working in the rainfed lowland 
environment were encountered with tile apparent 
failure of organic fertilizer in the form of cow ma-
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nure to increase rice yields. h addition, upland crops 
in the rainfed lowlands frequently were inundated. 

Varietal improvement program. The varietal 
improvement program included components of 
germplasm collection and conservation, tile devel
opnent of breeding material, varietal trials, and seed 
multiplication. 

Gcniplasm collected during 1989 and 1990 was 
evaluated for 52 chartcters. The results have been 
summarized into a catalog that will be finalized early 
in 1992 when photoperiod sensitivity data have been 
collected. A duplicate set of the 1,358 varieties 
stored in the Cambodia-IRRI Rice Project rice gene
bank was sent to IRGC in Los Bafios. A fresh set of 
1,600 accessions was collected and, after duplicates 
were discarded, 373 new varieties were growl for 
future evaluation. 

In addition to 27 F, populations, 151 F, hybrids 
(CIR32-CIR182) were grown. Three populations 
were advanced in Los Bafios under rapid generation 
advance with the help of the deepwater program. An 
additional 90 F, populations of Cambodian DWR 
were grown at Huntra in Thailand. Two male steril
ity facilitated compos;tes were created, using the 
best locally adapted tr: ditional medium- and late
flowering rainfed lowland rices. The genetic male 
sterility of IR36 is being transferred to late flower
ing, photoperiod-sensitive varieties to speed up 
composite breeding, using a modified backcross 
technique. All 266 breeding lines of an F,started at 
Los Bafios were also planted for final selection. 

More than 3,000 rice lines were tested in 39 trial 
designs. For evaluation in 15 provinces, 133 on
station experiment sets and 263 sets ofon-fann trials 
were packaged. The four-tiered tria! system includ
ing observational yield trials, preliminary yield trials, 
advanced yield trials, and on-farm adaptive trials 
addressed the four ecosystems. Eight varieties have 
been released: early varieties IR66, IR72, and KRU; 
Don, Khao Tak Petch, and Tewada for the deepwater 
ecosystem; and Rinike and Sita for the rainfed up
land ecosystem. Early varieties that outyield con
trols by more than 23% under farmer management 
have been the most successful. 

Seed multiplication in Cambodia is still in its 
infancy. The Cambodia-IRRI Rice Project is the 
only organization currently producing breeder and 
foundation seed for multiplication. Included in the 
program this year are the varieties released by the 
project in addition to some promising lines. Good 



seed production will form an increasingly important 
part of the project as the breeding program releases 
improved material, 

Egypt 

Rice production in Egypt followed the trend for 
record yields. The national average farm yield of 
7.31 t/ha in 1991 represents a 35% increase from 
1986 (Fig. I). The yield increase in this very stable, 
favorable agroclimate is due to multidisciplinary 
research efforts, and an annual national rice produc-
tion campaign, under which rice research scientists 
visit differcn farms to identify and overcome pro-
ducfion constraints. The campaign has resulted in 
increased farmer acceptance of recommended cul-
tural practices, indicated by a shift toward more 
recently released, shorter stature, higher yielding, 
blast-resistant varieties such as GZ 175, GZ 176, and 
GZI1. Although these yields are high, they repre-
sent only60% of the 10.5t/haaverageofthetechnol-
ogy transfer component's on-farm demonstration, 

The Egypt Rice Program works in close collabo-
ration with IRRI through acontract funded by agrant 
from USAID. The contract was amended to extend 
through December 1993 and to include an agrono-
mist-program manager, a plant breeder, and a weed 
scientist from IRRI to act as collaborating scientists. 

RIESE.ARCHt INITIATIVES 

In collaboration with IRRI, research on tissue culture 
started during an Egyptian scientist's postdoctoral 
fellowship at IRRI was continued. The 2,000 lines 
developed in Los Bafios were planted at Sakha and 
66 lines were retained for further evaluation. Cur-
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1.Egypt's annual rice yields. 

rently, IRRI is assisting the Rice Research and Train
ing Center in establishing a tissue culture laboratory 
with adequate equipment and facilities. 

One hundred and twenty introductions from IRRI 
were planted as potential donors of tolerance for soil 
salinity, anu resistance to blast, or for wide compati
bility. Of 70 lines retained for further evaluation, 
nine with blast resistance and modern plant type 
were judged particularly suitable for Egypt. Eight 
originated from Korea-Chulweon 35, IRI 373, IRI 
353, Milyang 55, Milyang 60,Suweon 349, Suweon 
258, and Suweon 287-while the best indica line is 
IR5853-198-I-2-IE-PI. They will be tested in the 
1992 summer season in Sakha. 

The weed science section undertook a farm-level 
survey of rice weeds and control practices. The 
survey indicated the most predominant weed species 
were Echinochloa crus-galli(L.)P.Beauv., Cyperus 
dijformis L., Echinochloa colona L., and Anirnannia 
baccifera L. The survey showed an increase in the 
use of herbicides, particularly with direct seeded 
rice, and indicated that most farmers applying herbi
cides would mix the ccmmercial liquid chemical 
with sand or dust for broadcast application. Granular 
formulations of the herbicides, if available, would 
reduce direct contact between the skin and the chemi
cal, and increase the safety of handling them. 

Egypt's breeding component participated in six 
INGER nurseries containing 661 entries. Of that 
number, 102 lines were selected for further evalu
ation. Egypt also submitted 10 It,es for inclusion in 
next year's INGER nurseries. IRRI continued to 
support the program with the winter nursery, which 
currently has 200 lines. 

Eastern, Central, and Southern Africa 
A project design document for a proposed collabora

tion on "Rice Research and Training in the SADCCRegion and Neighboring Countries" between the 
Southern African Center fc Cooperation in Agricul
tural Research (SACCAR) and IRRI was completed. 

draft was sent to SACCAR for concurrence 
before funding from a potential donor is requested. 

India 

In 1991, the Indian Council of Agricultural Research-IRRI Collaboration, with support from the 
International Fund for Agricultural Development 
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and the Ford Foundation, focused on the analysis of 
major -ice agroecosystems, identification and devel-
opment of varieties with high and stable yields, 
comprehensive rice crop management practices for 
each major environment, and the development of 
rainfed cropping systems. 

RICE ECOSYSTEMS ANALYSIS 

Rapid rural appraisal, agroecosystems mapping, and 
diagnostic surveys were crrnducted to characterize 
rice ecosystems. Each site was classified into 
agroecological zones using maps, charts, and 
transects. Farmers and scientists together conducted 
all activities in the environmental analysis. 

Upland ecosystem. Two types of uplands are 
common in eastern India: the Chhotanagpur plateau 
subecosystem with undulating topography and 
minimal possibility of water accumulation, and the 
Ganga and Brahmaputra alluvial plains in Uttar 
Pradesh and Assam States where water accumulates. 

Lowland ecosystem. The rainfed lowland eco-
system is divided into three subecosystems: drought-
prone, drought- and submergence-prone, and sub-
mergence-prone. Rainfed lowland rice is found in 
alluvial plains of the Ganga, Brahmaputra, and 
Mahanadi Rivers where soils become flooded with 
the onset of the monsoon as a result of slow surface 
drainage. Submergence at 30-70 cm is related to 
local rainfall (I ,200-2,3C0 mm) and to flood levels of 
rivers during June-September. Soil moisture deficits 
occur most often at the beginning of the seaso.a when 
the monsoon is late. 

Deepwater ecosystem. The deepwater ecosys-
tems are represented by river basins, deltas, and low-
lying areas prone to waterlogging in the rainy season 
when flooding varies from 50 cm to more than 2 m. 
Topography is concave to flat, and flooding that 
begins in Jvne-July continues until October-Febru-
ary. 

CROP MANAGEMENT 

Farmers in uplands were responsive to the introduc-
tion of new genotypes; however, they adopted 
management packages reluctantly. The farmers of 
Bihar and eastern Uttar Pradesh adopted pest man-
agement methods readily because they perceived 
that losses due to pest infestation were high. 

in the rainfed lowlands, rice crop establishment 
methods differed widely with rainfall pattern, inter-
nal and surface drainage characteristics, and crop-
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ping sequence of the sites. Among the various sys
tems, random transplanting and dry seeding are 
common. In the drought-prone lowlands of Madhya 
Pradesh, farmers traditionally grow long-duration, 
tall, and photoperiod-sensitive rice varieties. Broad
casting is followed by bushening, a cultivation prac
tice also locally known as biasi. A sharp decrease in 
plant population after biasi is a major ;-,nstraint to 
rice productivity. A 2-yr study revealed that broad
cast seeding with intense gap filling (improved 
bashening) increased the grain yield by 15-23% over 
the traditional method. 

On-farm trials demonstrated that rice yields and 
profitability can be increased with improved crop 
management practices. Improved bushening through 
the us.-, of in-field nurseries, improved stand and 
yields of dry seeded rice, application of inorganic or 
organic fertilizers, and good weed management 
increased yields of improved varieties under most 
conditions. 

Appropriate tillage, sowing methods, seed rates, 
dai,:s of sowing, fertilizer management, and crop 
protection appear to produce fairly high and stable 
rice yields in deepwater ecosystems. 

CROPPING SYSTEMS 

Upland areas in eastern India are traditionally mono
cropped. Rice and millet are the major crops grown 
during the wet season (June-September/October). In 
some areas, short-duration cereals, pulses, and oilseed 
crops are a!so grown. In Assam, ahu rice is grown 
during March-June. Fields left fallow after ahu rice 
(July-October) are planted with a rabi crop, usually 
toria, in November. 

In the upland rice areas of Bihar, farmers follow 
a well-defined 4-yr crop rotation of pulses, upland 
rice, minor millet, aud fallow. Intcrcropping had 
apparent advantages in enabling the farmers to grow 
an additional crop at economic levels without much 
added input. Intercropping also reduces the risk of 
total loss if the rice crop fails in a severe drought year. 

Farmers' cropping systems in ti.e rainfed lowland 
ecosystem depend on local rainfall and hydrology. 
Among them, rice - lathyrus/linseed, rice - lentil/ 
gram/mustard, rice - wheat, jute - rice - wheat, rice 
rice (boro), and rice (ahu) - rice are practiced widely 
(Fig. 2). The choice of different rice-based cropping 
systems in the rainfed lowland usually depends on 
the time of recession of floodwater, soil type, topog
raphy, and resourcefulness of the farmers. In Chin
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2. Some common farmers' cropping patterns in eastern India. 

surah and Kendrapara, a three-crop system involv-
ing jute - rice - wheat or lentil gave the best returns. 
In Assam, Bihar, Uttar Pradesh, and Madhya Pradesh, 
two-crop sequence,; of rice - lentil, rice - gram, rice 
- mustard, and rice - pea increased profits. 

Considerable progress has been made in identify-
ing new rice genotypes and cropping patterns that are 
more remunerative than farmers' current practice. 
There is a need to further strengthen on-farm testing 
of suitable crops and improved varieties, e.g., wilt-
resistant chickpea and low-toxin lathyrus, from na-
tional and international research programs. 

Lao PDR 

More than 98% of the cultivated rice area in the Lao 
PDR is under rainfed conditions (59% rainfed low-
lands and 39% kainfed uplands). Total annual pro-
duction of approximately 1.4 million t is usually 
sul ficient to meet local needs only. Unseasonal dry 
conditions and, to a lesser extent, flooding can often 
result in se'vere rice deficits, particularly on a local 
area basis. The current national policy relating to rice 
production in the Lao PDR has two major compo-
nents: improved rice production to ensure self-suffi-
ciency, with emphasis on increasing the productivity 
of areas of rainfed lowland cultivation; and stabilia-
tion of areas of raitfed upland rice production. 
Important in implementing these policies has been 
the relatively recent movement away from a cen-
trally planned economy and toward a market-based 
economy. 

RESEARCH NETWORK DEVELOPMENT 
The Lao PDR-IRRI Project is supported by the Swiss 
Development Cooperation. In its first year of opera
tions, the project focused on establishing a network 
of ric, research stations and sites, and a network of 
personnel. In 1991, this network encompassed 7 of 
the 17 provinces in the country. The network will be 
expanded to include three more provinces during 
1992. However, not all research disciplines are cur
rently represented in the network activities because 
there are staffing constraints. 

RAINFED LOWLAND RESEARCH 

During the 1991 wet season, a program of on-farm 
and on-station research was initiated ir,, the three 
provinces with the largest areas of rainfed lowland 
rice production (Vientiane municipality, Savan
nakhet, and Champassak). The program reflected 
the regional priorities of identifying improved rice 
varieties and developing specific fertilizer recom
mendations for the major soil types. A benchmark 
agroeconomic survey was undertaken in selected 
villages of Savannakhet Province to measure the 
impact of improvements in rice production technol
ogy in the longer term. The average per capita annual 
cash income in the villages surveyed was about 
US$50; only 40% of households surveyed were 
producing sufficient rice for more than 6 mo con
sumption, highlighting the critical shortage of rice 
production in ma v areas. 

RAINFED UPLAND RESEARCH 

A northern regional research base for ite national 
rice research program was established under the 
project in the former royal capital ,fLuang Prabang. 
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This center will serve to coordinate research activi- Lao PDR enables IRRI to sponsor training programs 

ties in provinces just south of the Vietnamese and 

Chinese borders, where more than 70% of the areas 

of rainfed upland rice cultivation are to be found. A 

program of seed collection has been initiated througih
out this area to evaluate and preserve the diverse 
genepool of local rice varieties that exists; almost 
100% of the upland varieties used are traditional. At 

asmallresearchcenter, which the project is develop-
ing in Luang Prabang Province, studies initiated in 

the 1991 wet season started to examine the range of 

factors that affect both the productivity and stability 
of production in the rainfed upland areas. Relatively 
poor accessibility will limit tile number of provinces 

that can be incorporated in the upland research 
program network. 

COOPERATIVI- R[ESEARCIH LINKS 

Collaborative res;earch links have been established 

between the national rice research program, and 
other national and international research agencies. A 

joint research program had been developed with the 
Australian Centre for International Agricultural 
Research to examine ways of improving the produc-
tivity of rainfea lowland rice in drought-prone areas 
of the Lao PDR. Participation in the International 
Networkon Soil FertilityandSustainable RiceFarm-

ing and the Asian Rice Farming Systems Network 
has also been initiated. 

TRAINING 

To enable rice research staff to benefit from training 
available through IRRI in the Philippines, and to be 

able to participate in international conferences and 

meetings, effos were geared toward improving the 

English languv'e proficiency of all the senior Lao 
staff in the national rice research program. The 

similarity between the languages of Thailand and the 

Contribution (%) 

for Lao scientists in Thailand and to invite IRRI

trained scientists in Thailand to conduct training 
courses in the Lao PDR. 

Latin America 

The rice cro.ises made for the irrigated and favored 
upland environments by 10 Latin American pro

grams during 1971-90 were used to evaluate the way 
different rice gerrnplasm sources are combined to 

develop rice cultivars in Latin America. Seventy rice 

cultivars released by the 10 programs were classified 
by year of release and region of origin and used to 

assess the effectiveness of breeding programs. 
The number of parents used in the crossing pro

grams and their contribution according to origin are 

summarized in Figure 3. The materials generated by 

the local programs gave the largest number of par

ents and genetic contribution, wiih the maximum 
average participation observed in the arid zones. The 

second most important germplasm source varied 

according to the environment; IRRI was the most 

important source for the arid zones, other Latin 
American programs for tropical Latin America, and 

USA for the southern zone. In the last two environ
ments, the two respective sources indicated were 

even more important than local materials during 
1976-80. 

Additional evidence suggesting a concentration 
on a limited number of parents for varietal develop

ment comes from our estimations of the contribution 
to the genetic constitution of the populations from 

the top 5% of the parents used in crosses (Fig. 4). It 

appears that 5% of the parents contributed at least 

25% of the genes from 1971-90. The percentage has 
steadily increased for the arid zones, reaching nearly 

50% during 1986-90. This might indicate that, al

so Arid zones of Latin America Temperate South America Tropical Latin America 

80 w Asia- i: Local 
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3. Origin and conribution of parents used in rice crossing programs in Latin America. 
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4. Total contribution of the top 5% of the parents used in 
crossing programs in Latin America. 1971-90. 

though *he numberofparents per cross is the highest 
for this environment, dependence on the basic ge-
netic core for further improvements is now higher. 

The most popular rice varieties in the countries 
studied tended to be at least 10 yrold, and some were 
as old as 20 yr. Although varieties reportedly have 
major weaknes,;es in the form of susceptibilities to 
diseases, faners seem willing to manage them with 
nongenetic means as long as their yield potential is 
high. The interest in stress resistance has been sug-
gested as a possible cause for the yield plateau 
observed. 

Surprisingly, the sharpest increase in time from 
cross to varietal release has been observed in mate-
rials introduced from international centers (Fig. 5). It 
has beer suggested that current breeding efforts are 
working around the IR8 paradigm, which seems to 
have exhausted its yield improvement potential. A 
new approach to varietal improvement is needed if 
further yield increases are to be realized. IRRI is 
assessing new plant types with potential for initiat-
ing a new era in rice breeding. 

Madagascar 

Rice, the principal food crop of Madagascar, is 
cultivated on about 1.2 million ha in diverse environ-
me fits. Technical constraints to rice production in-
dlude low temperature in the highlands, poor water 
control, pests, diseases such as blast (Pyricularia 
orv:ae) and fungal sheath rot (Sarocladium oryzae), 
and ad,,er,;e soil conditions including P deficiency 
and F'. toxicity. Socioeconomic constraints (poor 
resoutce base, low food prices, high input costs, poor 
road infrastructure, and transport) add to the techni-
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5. Number of years,, from cross to varietal release in Latin 
America according to origin of population. 1971-90. 

cal problems. With financing from USAID, the 
Madagascar-IRRI Project has been working with 
FOFIFA (National Center of Applied Research for 
Rural Development) since 1984 to improve national 
rice research capability, and to develop and diffuse 
improved rice production technologies. Salient re
search findings of this project in 1991 are discussed 
below. 

IMPROVED RICE VARIETIES FOR THE 
HIGH PLATEAU 
The High Plateau accounts for 20% of all wetland 
rice and is the largest rice-growing region in Ma
dagascar. Rice, grown from 800 in to 1,800 m above 
sea level, is cultivated in valleys, floodplains, and in 
bunded ricefields on terraced slopes. Fields are 
generally rainfed and depend on seepage water from 
adjoining hills. 

To identify varieties suitable forthe High Plateau, 
introduced varieties and local materials were evalu
ated for cold tolerance, resistance to major diseases, 
and overall agronomic potential. Screening for Fe 
toxicity was done in a well-known Fe-toxic field in 
Manjakandriana (about 60 km from Antananarivo); 
screening for P deficiency was done at the FOFIFA 
Rice Research Station at Mahitsy. Tolerance for Fe 
toxicity was observed from visual symptoms that 
include leafdiscoloration (bronzing), reduced tiller
ing, and growth or death of plants. For P-deficiency 
tolerance, growth and tillering were compared in test 
materials grown in P-deficient soils with and without 
added P. 

From 500 varieties and lines tested, 27 were 
found agronomical, desirable and were tolerant of 
Fe toxicity. Seventeen entries were tolerant of P 
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deficiency. The most promising varieties, identified 
as tolerant of Fe toxicity and P deficiency, were 
NR!0073-167-3-1-1 from Nepal, IR15579-24-2and 
IR15579-135-3 from IRRI, and the local selection 
Latsika 112-I. The three introduced lines were origi-
nally entries in the International Rice Cold Toler-
alice Nursery. Several years of on-station and on-
farm testing confirmed the good performance of 
IR15579-24-2 and IR15579-135-3 which are also 
early maturing, high yielding, and resistant to major 
diseases in the High Plateau. The two lines are now 
under extensive farmers' participatory trials before 
they are released as varieties. Grain yield and other 
characteristics are shown in Table 1. 

EFFICIENCY OF PHOSPHORUS ROOT DIP FOR RICE 

IN PROBLEM SOILS 

P and N are the major nutrients limiting rice produc-
tion in many soils of the High Plateau, which have 
low native P and high P fixation. P deficiency is 
coupled with low available K in Fe-toxic soils, and 
S and Zn deficiencies in isolated areas. Early re-
search, conducted from the 1940s to the 1960s, used 
high P levels (100-300 kg/ha) to alleviate P defi-
ciency. With increasing fertilizer costs and low rice 
prices, Malagasy farmers cannot afford high levels 
of input for rice production. Therefore, it is impera-
tive to develop cost-effective fertilization methods 
that will improve nutrient use efficiency and in-
crease farmers' profits. 

An efficient method of P fertilization developed 
by the project involves coating rice roots with a 
phosphate-soil slurry. This method is called P root 
dipping. One part P fertilizer is dissolved iii two parts 
water. Two parts red or clayey soil are added to the 
fertilizer solution to make a thin paste or slurry. 
Roots of rice seedlings are washed and the seedlings 
are placed on bunds to dry. The roots are then dipped 
in the slurry to thoroughly coat them. 

This method concentrates the fertilizer P near the 
roots, minimizes P absorption by the soil, and thus 
increases P use efficiency. At an application rate of 
13kg P/ha, root dipping was found to be consistently 
superior to broadcast P (Table 2). To produce an 
equivalent grain yield by broadcasting, twice the 
amount (26 kg/ha) of P was required. In Fe-toxic 
soils, root dipping was observed to improve P uptake 
and reduce the severity of Fe toxicity. 

So!uble P fertilizers (triple superphosphate or 
dicalcium phosphate) are ideal in making the slurry. 
When simple P fertilizers are not available, com
pound fertilizers (15-15-15 or I1-22-16)can be used 
at low P rates (about 8 kg/ha). However, higher 
concentrations of soluble N and K may scorch roots 
and kill the seedlings. 

RICE YELLOW MOTTLE VIRUS 

A survey of virus-like diseases in the central high 
plateau of Madagascar (Fianarantsoa and Antanan
arivo) confirmed the presence of a rice virus disease. 
Enzyme-linked immunosorbent assay and mechani
cal transmission tests werc conducted to identify the 
causal agent. Pieces of infected samples were fixed 
in glutaraldehyde and brought to IRRI for electron 
microscopy. 

All of the results indicate that the ycilowing 
disease of rice in Madagascar is caused by rice 
yellow mottle virus. The disease was observed in 
locations where it has not been previously reported, 
which indicates that it is widespread in Madagascar. 

Myanmar 

IRRI-Agricultural Research Institute (ARI) collabo
ralive research includes those of INSURF, INGER, 
ARFSN, rice germplasm collection, and Myanmar-
IRRI Farming Systems (MIFS) Project. I)RC is 
supporting the following components of the MIFS 

Table 1. Grain yield and other characteristics of IR15579-24-2 and IR1579-135-3. 

Grain Plant Ma.urityb (d) Spikelet 1000-
Selection yield, height Tillers, fertility grain wt 

(t/ha) (cm) Early Inter- Main (no./hill) (%) (g) 
mediate crop 

IR15579-24-2 5.6 110 140 130 130 7 89 27 
IR15579-135-3 5.4 100 145 130 130 6 90 24 

'Mean of 6trials from 1987 to 1990. 'From transplantingto maturity. Planting seasons in the High Plateau 
are early (Vary Aloha): seeding Apr-May, transplanting Aug-Sep; intermediate (Siha): seeding Jun-Aug, 
transplanting Sep-Nov; main crop (Vakiambiaty): seeding Oct-Nov, transplanting Doc-Jan. 'Spacing 20 
x 20 cm. 
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Table 2. nice yield response to methods and rates of Papplication in aP-deficient and Fe
toxic soil at Sambaina, Manjakandriana, Madagascar, 1985-89. 

NPKO Papplication Grain yield (t/ha) 
(kg/ha) method 

1985-86 1986-87 1987-88 1988-89 Mean 

0-0-0 2.5 d 0.8 c 0.9 c 1.1 d 1.4 
60-0-50 3.7 c 0.8 c 1.1 c 1.6 c 1.8 
60-13-50 Broadcast 3.9 bc 1.3 b 2.3 b 2.2 b 2.4 
60-13-50 Root-dip 4.2 ab 2.0 a 3.0 a 2.6 a 3.0 
60-26-50 Broadcast 4.4 a 1.4 b 2.4 b 2.2 b 2.6 

IN as urea, Pas triple superphosphate, and Kas KCI. 

Project: I) research on rice-based cropping patterns, 
varietal improvement of crops in rice farming sys-
terns, and development of implements for rice farm
ing; and 2) manpower development through degree 
and nondegree training and participation of Myan-
mar agricultural scientists in scientific conferences 
and international meetings. 

SITE ChlARACTERIZATION 

A diagnostic survey was conducted in six new rice 
fanning system sites in Myanmar to understand 
favorable rainfed lowland (Taikkyi and Hlegu), 
deepwater (Danubyu and Thanatpin), and upland 
(Aungban, Kyaukme, and Kyaingetung) rice eco-
systems and associated farmers' practices and tech-
nical knowledge. Other objectives were to identify 
and prioritize causes of low r'ce yields, and to 
identify appropriate research to address such prob-
lems. ?roblems in the rainfed lowland included lack 
of labor for transplanting, lack of fertilizer, and 
excess water in lower areas. Farmers who wet seeded 
rice faced problems of insect pests, poor crop estab-
lishment, flooding, and weeds in upper fields. DWR 
problems were unfavorable water conditions, weeds 
(wild rice), soil physical problems, and pests (stem 
horer, crabs). Fam-ers fallcwed or switched to late-
season transplanted rice as a solution to rapid onset 
of rains, stem borer, and wiid rice infestations. Up-
land rice problems included weeds, low soil fertility, 
insects, drought, soil erosion, and poor crop estab-
lishment in some areas. A new rice variety has to 
meet farmers' requirements and growing conditions. 

FARMERS' EVALUATIONS AND NEW SELECTIONS 
(FENS) 
No new rice selections were released for 1991, but 
the following were found promising based on the 
1990 FENS tests; YN83-8, IR24410-RRYN6, 

Table 3. On-farm cropping pattern trial involving
sesbania green manure at Pyinmana, Myanmar, 1991
92. 

TPR - cowpea 3.7 
Peanut - TPR 4.4
Sesbania - TPR 5.7 
TPR with urea 4.1 

,TPR =transplanted rice. 157 kg N/ha. 

YNI 14-7, and YN257-4 for lowland ecosystems; 
IR13146-45-1 arid IR29109-RR-36-2-2 for rainfed 
lowland; YN92-17 for upland: and YN32-8 for sa
line areas. Most of these were from INGER trials. 
For 1991,29 INGER nurseries weredistributed in 13 
sites in Myanmar. 

RICE GERMPLASM COLLECTION 
The s2cond wild rice collection mission was 
jointly undertaken by ARI and IRRI scientists on 
24 Nov-12 Dec 1991. Ninety-one samples were 
collected from Bago, Ayeyarwaddy, Magway, and 
Mandalay Divisions and Shan State; there were 
44 0. sativa, I! 0. nivara, 5 0. rufipogon, 17 0. 
spontanea, I 10. officinalis, and 3 0. granulata. 
This is the first time 0. granulatawas collected in 
Myanmar. Comprehensive sets of traditional varie
ties were collected in Aungban and Kyaukme of 
Shan State. 

GREEN MANURE PROGRAM 

Sesbania rostrata was considered the best among 
several green manure legumes tested earlier as N 
source for lowland rice. In Pyinmana on-farm trials, 
rice yield was 5.7 t/ha in a cropping pattern with 
sesbania seeded at 15 kg/ha and incorporated 60 d 
after emergence. This was the highest yield obtained 
from the patterns tested. Related studies showed that 
optimum seed rate was 25 kg/ha and the best cu!tiva-
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lion method was one plowing and one harrowing 
betore broadcasting the sesbania seeds before tie 
monsoon. Premonsoon sowing of sesbania seeds 
without tillage overcame land preparation problems 
andcorrected poorgreen manurestand usually caused 
by heavy rain immediately after sowing. Soaking 
seeds in recently boiled water for 5 min corrected 
seed dormancy and increased germination fromIN17% 
to 52%. Sesbania was also propagated by steni 
cuttings l' r on-fiarn seed increase. 

CONS)MEI.RS' RICE (RAIN QUAI.ITY 'RtF!-R1:INCE 

Consumers' grain +uality preferences it five domes-
tic markets were estimated. Rice retail price was 
treated as the dependent variable and percent broken, 
length:width ratio, elongation ratio, amylose con-
tent, protein content, shape, gelatinization tempera-
tre, gel consistency, and alkali digestion as inde- 
pendent variables. Multiple correlation analysis of 
these parameters indicated that the variability of rice 
retail price was influenced negatively by percent 
broken rice, grain length:width ratio, protein con
tent, and shape, and positively by cooking elonga-
tion ratio to a level of 59%. In Myaniar, the most 
popular rice is Pathein Nga Kywe, which has bold 
grains but a very high elongation ratio when cooked. 

Sri Lanka 

Cooperation in iesearch and training between IRRI 
and the Department of Agriculture, Sri Lanka 
(DOASL), continued in 1991 with financial assis-
tance from the Swedish Agency for Research Coop-
eration with Developing Countries (SAREC). 

Gernplasm conservation activities were corn-
pleted, and evaluation of the collection begun. IRRI 
provided necessary materials and intornation to aid 
DOASL in the management of rice genetic resources. 

DOASL identified six elite lines for seed multi-
plication and release. These varieties will cater to the 
needs of some specific rice-growing environments 
in Sri Lanka. 

Collaboration with IRRI resulted in the identifi-
cation of appropriate lines for a hybrid rice develop-
ment program and advanced lines with tolerance for 
Fe toxicity. DOASL contributed 21 advanced lines 
for inclusion in specific irrigated and rainfted low-
land nurseries of INGER. 

IRRI continued to assist DOASL in identifying 
varieties tolerant oftungro virus disease for use in the 
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hybridization program. Long-term collaborative 
experiments to study tile effects of crop residues oil 
fungal disease were established. A comprehensive 
review of IRRI-DOASL collaboration for 1989-91 
was undertaken in December 1991. 

Socioeconomic investigations revealed thatbridg
ing the gap between actual and potential rice yields 
should receive major research attention. 

Vietnam 

Research tinder phase 3 of Vietnam-IRRI collabora
tion locused on integrated nutrient management, 
integrated pest management, and improved water 
mainagement. Research results on the integrated use 
of urea and farmyard manure (FYM) indicated that 
the latteraffected the optimal timing for the first urea 
application. In the absence of FYM, rice yields for 
the early and delayed split were similar; but with 
application of FYM, the delayed split increasedyield 
by I0 /. 

Other NARS-IRRI collaboration 

BRUNEI DARUSSALAM 
Only about 4% of the rice needs of Brunei Darus
salam is produced in the country. Based on average 
ligures reported between 1985 and lj89, the land 
area harvested was 1,116 ha and production was 
1.436 t of unhusked rice; thus, the average yield 
(.uring the same period was on-ly 1.3 trha. The total 
rice requirement is 21,165 t husked rice/yr. 

The Government of Brunei Darussalam aims to 
produce at least 15% ot its rice needs. To meet this 
demand without expanding the rice area means 
that the current yield of 1.3 t/ia must be increased to 
4.2 t/ha. 

The Kilanas Agricultural Research Center of the 
Department of Agricuhure oif Brunei Darussalam is 
involved in testing rice varieties or lines introduced 
trom IRRI and elsewhere and in developing appro
priate agronomic management practices like pest 
control. During the year, IR841 was released as a 
variety because of its good eating quality and high 
yield (av 4.0 t/ha). However, IR841 was observed to 
be somewhat sensitive to Fe toxicity, which is an 
important soil problem in most of the rice-growing 
areas of the country. 
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INDONESIA 

Because of the severe drought in Indonesia, rice 
production in 1991 is forecast to decline by
2.3% from that of' 1990; production is expected 
to be 44 million t of" unhusked rice, compared with 
45 million t in 1990. As a consequence, the govern-
ment is importing 600,000 t of' rice, the first time 
since 1984. The government is also encouraging the 
participation of large business conglomerates in de-
veloping new ricefields on the other islands to offset 
the loss of ricefields to industrial and houLsing Cs-
tates, which is one of the reasons why rice production 
has stagnated. 

Early in the year. the biennial Agency for Agri-
cultural Research and Development (AARD)-IRRI 
Collaborative Research Planning Meeting was held 
in Bogor. Ten projects were reported completed. The 
group agreed to contivue 12 on-going collaborative
projects in addition to 10 new projects. Activities 
under the four international networks-ARFSN, 
INGER, IPMN. and INSURF-coordinatcd by IRRI 
also continued. 

Collaborative research activities focused on bio-
logical control of rice diseases; data management for 
on-f.nl trials; characterization of 'Pyriculariagriseaw
soil fertilitv and fertilizer management in rainfed 
lowland and upland rice, rainwater conservation and 
utilization, breeding rice tor and development of' 
appropriate amelioration techniques for problem 
soils, integrated pest management f'ocusing on rice 
stem borer. nemalode studies in ullalld rice systems. 
machinery development and testing, and genetic
mapping of javanica-type rice culhivars. Under the 
i.ternational networks. AAR )continued to conduct 
several INGER nurserie. such as fIR YN-E. IRRYN-
M, IIRON-VE/E. IURON-E. IURON-M. IRL.ON-
E, ITRON, IRCTN, IRDTN. IRSSTON. IRBN. 
IRBBN. IRTN. and] IRBPHN. AARI). oil the other 
hand, contributed lndonesiaii-(lcvelopCed cuhIivars to 
the various international nurseries such as IR1Bll N. 
IRBBN, IRBN and IRSSTON. For the ARFSN. 
AARI) continued research oil ricc-fish farming sys-
tens, impact of rice-fish system, aid wvomen's role 
in agriculture. INSURFactivities included integrated 
nutrient management inrainted lowland and upland 
rice and long-term soil fertility trials inirrigated ,md 
rainfed Iowlaid rice. AARD and IRIRI also conlin-
ued to jointly undertake the following activities: 
germlplasnl conservation aind dissemination; cx-
change of geriplasn Ior varietal improvement of 

irrigated, rainfed, upland, and deepwater rice; and 
exchange of germplasm and infomiation for hybrid 
rice development. 

Research activities under the Rainfed Lowland 
an Upland Rice Research Consortia were started 
during the year. The two major research activities in 
the Upland Rice Consortium are soil fertility man
agement with lour sub-activitie:, and upland r.-
based farming system with four sub-activities. The 
consortium key site for upland rice is in Sitiung, 
West Sumatra. For the Rainffed Lowland Rice Con
sorliuni, five activities are being undertaken: drought 
alleviation by rainwater collection and conservation, 
screening breeding materials for drought tolerance, 
potassitum transformation in rice-based cropping 
systems, alternative means of weed control and their 
benefits in ,ogo ralucah and walikjeramirices, and 
nitrogen dynamics and nitrogen use efficiency.

Ai IRRI research fellov in Soils/Agronorny has 
been stationed in Sititung since late 1990 and is 
assisting in carrying out the core-funded collabora
five activities on upland rice in Sitiung with focus on 
enhancing the productivity of newly openeo areas 
and ameliorating abandoned acid upland soils grown 
to rice. 

The Indonesia Minister of Agriculture released 
eight new rice varieties; three are IRRI-bred IR 19661 
131-1-3-1-3 (Barumun). IR11288-B-B-69-1 (Sei 
Lilin), and IR32453-20-3-2-2-M-I (IR74). Two 
azolla strains (Acc. nos. 4074 and 4138), both 

,A. niclohila, were growing vigorously at nany 
sites. lBccause of their wide adaptability, they will be 
included in the rice-fish system as supplementary 
feed for the f'ish. 

An important activity in IRRI's country programs 
is the visit of IRRI internationally recruited staff 
(IRS) or nationally recruited staff (NRS) to discuss 
and implement joint activities with their colleagues 
in the national research systerns and the attendance 
of NARS scientists in IRRI-sponsored con'erences, 
workshops, symposia, andtraining. Twenty-five IRRI 
IRS and sevcn NRS, one research fellow, and seven 
affiliated research staff' visited Indonesia and spent
386 (l inthe country. On the other hand, 29 Indone
sian scientists were invited to 24 IRRI-sponsored 
workshops, conferences, and symposia, and 30 In
donesiMl junior researchers participated in short
term formal and inlornial training sessions at iRRI 
headquarters. 
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MALAYSIA 

As of 1988-89, the average yield ofrice in Peninsular 

Malaysia was 3.4 t/ha (unhusked rice); that for the 

entirecountryis2.8t/ha.TheGovemfmentof Malay-
6 0% self-siamaintainsitspolicyofproducingriceat 

sufficiency level. Despite this policy, however, the 

need to increase rice yields is imperative, especially 

if the present land area devoted to rice is not ex-

panded. Because cost of production is increasing, 

rice farmers are encouraged to mechanize land prepa-

ration and harvesting and to adopt direct seeding. 

Collaboration with the Rice Research Center of 

the Malaysian Agricultural Research and Develop-

ment Institute (MARDI) is continuing in the follow-

ing areas: biological control of pests and diseases, 

hybrid rice development, and management of 

direct seeded rice. Likewise, MARDI is actively 

participating in the international networks INGER, 

INSURF, and IPMN. Ten MARDI scientists were 

invited to participate in IRRI-sponsored workshops, 

conferences, and symposia. In 1991, MARDI re-

leased two new rice varieties, MR 123 and MR 127. 

The assistance extended to the Departments of 

Agriculture in the two eastern states of Sarawak and 

Sabah is the exchange of gennplasm and informa-

tion and visits by IRRI IRS. Promising IRRI lines 

were sent to the research centers of the two states. 

Sabah released one of the IRRI lines (IR8192) as a 

variety and named it Lumayan. 

TiiAILAND 
Collaboration with Thailand continues through de-

partments and institutes of the Ministry of Agricul-

ture and Agricultural Cooperatives. To mark the 

30th anniversary of collaboration between Thailand 

and IRRI, a symposium was held, the theme of which 

was the role of IRRI in strengthening rice research ini 

Asia-achievements from the past and collaboration 

for the future. 
H.R.H. Princess Maha Chakri Sirindhorn of 

Thailand visited IRRI headquarters in the Philip-

pines on 29 Aug 199 1.During her visit, Thailand and 

IRRI signed a Memorandum of Understanding to 

establish a new joint research and training program 

in DWR. As a result, a major part of IRRI's DWR 

breeding program will be transferred to Thailand. 

Thai and IRRI researchers will jointly develop and 

distribute plant breeding materials and the associ

ated technology for improved DWR production in 

Southeast Asia. The new plant breeding activities 

join other IRRI core DWR research that has been 

based in Thailand for many years. 
The IRRI DWR agronomy project continued 

collaborative research activities with the Prachin

buri Rice Research Center and Huntra Experiment 

Station. Research focuses on cropping systems, 

herbage production, rice-fish culture, and fertilizer 

responseofDWR.Otherresearchstudiednewmeth
ods for assessing the elongation capacity of DWR 

varieties, N transformation in the dry and flooded 

phases of DWR soils, leaf canopy development as a 

measure of productivity, and long-term effects of P 

application. 
The two final issues of the newsletter Deepwater 

and Tidal Wetlands Rice were published by the IRRI 

Bangkok office. Future research reports on these 

crops will be in the International Rice Research 

Newsletter. 
Two rice research consortia sites commenced 

collaborative research activities in 1991. The Rain

fed Lowland Rice Consortium site at Ubon Ra

chatani conducted research on integrated nutrient 

management and soil fertility, soil physics, and 

management practices to improve effectiveness of 

rainfall, P placement, weed ecology, and evaluation 

of rice varieties. Two Thai IRRI research assistants 

are employed at the site to work with an IRRI visiting 

scientist on physical aspects of soil productivity. 

An Upland Rice Consortium site was established 

at Samoeng in the northern highlands with respon

sibility for research on upland rice management for 

sustainable production on steep lands, intercropping 

legume and nonlegume crops, and soil fertility 

studies. 

284 IRRI program report ;or 1991 



Research support services 286 
Analytical Service Laboratories 286
 
Central Research Farm 287
 
Phytotron 289
 
Communications support 290
 
Project management services and biometrics 291 

Publications and seminars 292 
Publications 292
 
Seminars 300
 

Staff changes 305 

Finances 308 

Weather summary 309 



Research support services
 

ANALYTICAL SERVICE LABORATORIES 

The Analytical Service Laboratories (ASL) com-

prise four units-the Chemical Analysis Labora-

tory, the Mass Spectrometry and Radioisotope 
Laboratories (added in 1981), and the Pesticide 

Residue Laboratory (transferred to ASL in 1991). 

The laboratories continued to provide analytical 

services and special laboratory facilities to IRRI 

programs. 
Analytical services. In 1991, the laboratories 

completed more than 76,000 analyses, ranging from 

pH to mass spectrometric 'INdeterminations. Mate-

rial for analysis came from the research and interna-

tional programs and special projects (Table I). 

Other services. Nonanalytical support services 

were also provided for radiotracer users in the fol-

lowing activities: 
* 	 assay of soluble ,,tarch synthase (11C): 

* research on seed and embryo vigor (14C); 

" tagging the segregation of bacterial blight (BB) 

xa-5 and xa-8 resistrnce genes using restriction 

fragment length polymorphism (RFLP) on F, 

populations from crosses between IR24 and BB 
isolines (32P); 

Table 1. Analyses completed in 1991. 

Analyses 
IR RL 

Soil and plant analyses 15,258 12,369 
5'N 	 determination 204 3,011 
Radioactivity counting 128 16 
Pesticide residue and 416 

organic analyses 

Total 16,006 15,396 

U 	 RFLP evaluation or a representative world col

lection from the conserved rice germplasm (32P); 

U 	 salt tolerance gene tagging in Orza sativa by 

RFLP (32p); 
U study of polymorphism for heterosis survey in 

rice varieties using RFLPs (32P); 
a tagging the wide compatibility genes (S-5) in 

01Yza sativa using RFLPs (32p); 
N DNA fingerprinting of Azolla section 

Rhizosperma (3'p); 

N RFLP mapping of doubled haploid population 

derived from a Azucena/IR64 cross (32p); 

U survey of polymorphism among possible parents 

of a drought-tolecant population (32p); 
N tagging and mapping of genes for resistance to 

blast and BB (32p). 
0 	effect ofRti-octoniasolani levels and N concen

tration on the growth, photosynthesis rate, translo

cation process, and yield of IR72 grown in the 

greenhouse ( 4C); 
N evaluation ofthe uptake and utilization oforganic 

and inorganic C in rice ( 4C); 
E assay for l-aminocyclopropane-carboxylic acid 

(14C) 

Determinations, (no.) 

UR DT CE NT Special Total 
projects
 

6,191 904 2,637 16,558 16,414 70,331 
462 3,677 

105 166 112 527 
733 604 1,753 

6,191 904 2,742 17,457 17,592 76,288 

Upland Rice Ecosystem, DT111=Irrigated Rice Ecosystem, RL = Rainfed Lowland Rice Ecosystem, UR = 

= Deepwater and Tidal Wetlands Rice Ecosystem, CE = Cross-Ecosystems Research, and NT = Networks.
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" 	 effect of tubificids on the decomposition of 4C-
labeled organic material under submerged green-
house condit;on ( 4C); 

" P depletion in soil near growing rice roots ( 33p), 

and 
" Southern blot analysis of transgenic IR58 02P). 

Monitoring IRRI waterways. Since 1984, the 
Pes;ticide Residue Laboratory has been monitoring 
the waterways that flow through the IRRI Central 
Research Farm. From the ipitial sampling protocol 
of a grab sample from two oulfail sites, the project 
was expanded in 19,6 to five sampling times per da) 
for 3-4 d at 12 sites. In 199 .the activities decreased 
to two 24-h samples from each of six outfall sites aidtwo irrigation sources for 3 d during peak spraying 

periods in the dry and wet seasons (Fig. 1). The 
samples were analyzed for eight pesticides used by
IRRI researchers: isoprocarb, BPMC, carbofuran, 
diazinon, chlorpyrifos, butachlor, monocrotophos, 
and carbaryl. Organochlorines are no ,sed at IRRI. 

IRRI waterways ultimately empty into Laguna de 
Bay. The maximum allowable limit for synthetic 
organic chemicals is 500 ppb for Class C water,4, the 
category under which Laguna de Bay is classified. 
Although no information is available on limitsof the 
abovementioned pesticides under tropical condi-
tions, the maximum allowable concentration can be 
estimated from lethal concentration (LC50) values. 
LC 5 is the concentration which kills 50% of test 
organisms exposed for 96 I. Table 2 shows the peak
readings at IRRI and the maximum allowable con-
centration derived (MAC) from LC.5 values. Al-
though peak valuesare sometimes higherthan MACs, 
there is no cause for concern because the mean total 

Table 2. Observed peak residue values and estimated 
maximum allowable concentrations (MAC). 

Maximum 
Pesticide 	 reading, MACb 

(ppb) (ppb) 

BPMC 3.8 25.2 
MIPC 2.1 0.8Carbofuran 	 0.6 0.8Diazinon 	 1.1 3.0 
Chlorpyrifosc 0.4 0.14Butachlor 	 0.4 0.6Monocrotophos c nil 6.1 
Carbaryl 	 nil 24.0 
Acephate 	 nil 100.0 

ITaken from data covering 1988 dry season to 1991 wet season.
'Calculated as follows:

MAC =LCd5* x 0.01 
For organophosphates: MAC =LCa 8.5* x C.01 
*= factor for temperature correction.
 

'Organophosphates.
 

pesticide levels for the six outfalls sampled through
out the monitoring period were less than I ppb 
(Table 3) and do not present a danger to the environ
ment. 

CENTRAL RESEARCH FARM 
The Central Research Farm (CRF) observed closed 
season from 15 May to 1July and I November to 15 
December, primarily to reduce pest and disease 
outbreaks. 

During 1991, we achieved simultaneous land 
preparation of experimental phts for the first time. 

Culverts have been installed in 90% of the main 
and drainage canals in the old and nev lowland 
areas. The installation will elimirt:At rat breeding 
grounds and minimize breeding areas of golden 
snails. 

Table 3. Mean total pesticides found in six outfalls and two irrigation water sources. 

Mean total level (ppb) 

Sampling 1984 1985 1986 1987 1988 1989, 1990 1991

site Dec 
 Jan -_-_-_-__ 

DS WS DS WS DS WS DS WS DS WS DS WS 

1 1.5 0.5 0.8 1.00 1.20 0.9 
 1.2 2.7 1.4 2.0 0.8 0.08 0.70 0.02
3 - - 0.3 0.05 0.30 0.2 0.2 0.9 0.07 0.3 0.004 0.04 0.20 0.06
4 	 0.3 0.10 0.20 0.2 0.9 0.1 nd. 0.2 0.2 0.50 0.10 0.03
8 	 0.5 0.20 0.10 0.3 0.3 0.3 
 n.d. 0.2 0.2 0.06 0.20 0.30
10 0.2 0.4 0.20 0.04 0.2 0.3 - 2.0 0.3 0.7 0.20 0.08 0.02
12 - 0.3 0.08 0.10 0.3 0.4 2.5 0.8 0.3 0.10 0.90 0.03

6b 


0.10 0.01
9 

- 0.08 0.03 

°n.d. = not detectable by the analytical procedure used. bThe reservoir at Block K. 'The entry point of the National Irrigation
Administration canal into the IRRI farm. 
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Land development included consolidation and 
leveling of blocks 500, 600. and UA in th. upland 
area. Underground PVC irrigation pipe,, were in-
stalled in block UA. 

The first centralized seedbeds were built at series 
100 and 200 during the wet season. During the dry 
season, UJ-2, UJ-3, and UP-I were prepaied with a 
modified tractor-powered rototiller. This reduced 
manual labor for preparing seedbcds, seeding, and 
covering seeds with soil. The seedbeds were irri-
gated by sprinkler. A few seedbeds were built in 
UJ-2 with a Landmaster hand tractor attached to a 
moldboard plow. To decrease soil needed for cover-
ing the seedbeds and to protect the seeds from birds 
and rats, we tried plastic sheeting and brown wrap-
ping paper covers with some success. 

Of the 229.6 ha prepared and planted, 16.7 ha 
were used for seed production and multiplication of 
IR84 i, IR50504-57,1R54950-18I, IR72, IR74, PS B-
CR I (Makiling), PSB-CR,, and PSB-CR 4. 

During the year, 27,823 rats were killed by flame 
thro%, ing, mowing, baiting, and live trapping. Flame 
throwing, mowing, and live trapping will continue, 

Contract labor in 1991 cost $413,382.52: 4% 
($16,385.24) was paid for land preparation, 75% 
($310,319.10) for planting and weeding, and 21% 
($86,678.18) for birdboys. Contract labor expenses 
will decrease when all laborers from the other divi-
sions are transferred to CRF. 

We harvested, threshed, dried, and cleaned 
94,743 kg of rough rice, which is stocked at the 
Materials and Control Division. 

The Plant Growth Facilities (PGF) Unit of CRF 
provided centralized support services for the 
phytotron, greenhouses, and the planned Contain-
ment Facility. 

PIIYTOTRON 
Forty-seven experiments conducted at the phytotron 
involved 66 research staff from the Agronomy, Plant 
Physiology, and Agroecology (APPA); Soil Micro-
biology; INGER; Plant Breeding, Genetics, and 
Biochemistry (PBGB); IRGC; Plant Pathology, Soil 
and Water Sciences; and Entomology Divisions. 

The experiments lasted from 2 to 320 d. Humid-
ity was set from 60 to 80% in the various growth 
chambers. Artificially lit cabinets required 10 to 
30 klx 

The requested temperature settings were 
12-45 'C. Temperature control studies on rice growth 

were ',-mbined with various subjects: low light 
intensity, effects of ultraviolet-B (UV.B) on rice, 
salinity tolerance, drought resistance, photosynthe
sis, assimilate translocation, anthesis, leaf senes
cence, grain filling, seedling vigor inheritance, ger
mination and direct seeding physiology, water use 
efficiency, phytohormones, volcanic ash, azolla 
growth and maintenance, rice blast, bacterial blight, 
nematodes, brown planthopper, decomposition 
dynamics of green manure species, nodulation and 
N, fixation by rhizobia. N mineralization potentiai, 
roots with Fe and P in submerged soils, root NA 
oxidation, rooting characteristics, phosphatase ac
tivity of roots, interspecific hybrid production, cyto
plasmic male sterile lines, marker stocks, primary 
trisomics, embryo rescue of Or ,:a sativa and wild 
rice accessions, wide hybridization, and RFLP link
age mapping and tagging of genes. 

The phytotron also serviced more than 180 re
quests for cold rooms, leaf area meter, oven, bal
ances, and incubator. 

Information and orientation services were given 
to new research staff' users, graduate students, and 
204 visitors. 

The HNL growth cabinet and Conviron growth 
bench were used continuously by the Soil Microbi
ology Division to maintain the azolla germplasm 
collection. The glasshouses were greatly utilized 
(Table 4). More than 95% of the space in all growth 
chambers (except the five darkrooms) was reserved 
at the start of the growing period. As in the previous 
years, the five darkrooms were the least utilized 
facilities. Two of the darkrooms will be converted 
into a balance room and a cold room when the
 
phytotron is renovated.
 

No major problems were encountered during the 
1991 operations. Eleven scheduled and unscheduled 
power interruptions totaled 48.7 h. Most interrup
tions lasted I h; the longest was 13 h on 11 June. The 
two 500-KVA standby generators allowed all ex
periments to proceed without fluctuations in the 
controlled environments. The old chart recorders 
were continually maintained, although difficulties 
were experienced in procuring replacement parts. 
This made calibration of monitoring devices labori
ous and time-consuming. Although plants were 
sprayed before entering the phytotron, some eggs 
survived, hatched, and spread. The CRF-Plant Pro
tection and Surveillance group ordered a new miti
cide, and is studying other control measures. Glass-
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Table 4. Occupancy rates of growth rooms. IRRI 
phytotron, 1991. 

Mean Requested 
Plant Total monthly range of 
growth floor area space temperature 
rooms (m) utilization setting (C) 

(%) 

Min Max 

6 glasshouses 240 85 21 29 

(naturally lit) 

12 SA-L cabinets 19 65 15 41 

(naturally lit) 

4 KB cabinets 2 71 25 40 
(naturally lit) 

(artificially lit) 

1 Conviron bench 4 
 91 21 26 

(artificially lit) 
1HNL cabinet 3 38 18 26 
(artificially lit) 
5 darkrooms 32 40 17 30 

houses will be sprayed with insecticides after main-
tenance operations just before new plant materials 
are accepted. 
CO,control and regulation mechanisms were 

installed in six naturally lit 3-SAL units. The roof of 
thedemineralizerandpowersubstation wasreplaced. 
Chilled water pipe insulation was changed from 
styropor with canvass cover to fiberglass with fiber-
glass reinforced plastic cover. The mezzanine office 
was renovated. Automatic irrigation systems were 
installed in the glasshouses. This minimized the 
labor for watering potted experiments in the glass-
houses. 

Acomputerprogramwasdevelopedtokeeptrack 
of space allocation and maintain the histoiy of facil-
ity use. A data base of current and previous experi-
ments is maintained. Plans werc made to computer-
ize control and monitoring of the growth chambers. 

The thermometers used in calibrations were 
checked with National Institute of' Science and 
Technologystandardthermometersandverifiedwith 
the IRRI Climate Unit and the Philippine Atmos-
pheric, Geophysical, and Astronomical Services 
Administration. 

Dynamic space allocation, proper timing of cool-
ing units, and efficient mechanical operations lo"-
ered energy requirements for this year: 2,316,800 
kW-h were used in 1991, 2,523,200 in 1990, and 
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2,738,400 in 1989. This saved at least 206,400 kW
h ($11,040.32). 

The phytotron closed for annual maintenance 
from 4 November to 20 December. All motors, 

cooling units, generators, and control units were 
serviced. New procedures during the shutdown re
duced overtime by at least 334 h and used pooled 

staff rather than contract workers. 
Greenhouses. IRRI has more than 72 

greenhouses and screenhouses, with 26,219 m2(2.62 
Ila)of floor area. In 1991, more than 90% of 
greenhouse space was used for 187 rice research 
experiments. More greenhouse space is needed to 
serve new research. Centralized support services or 
IRRI's greenhouses include maintenance of the 

physical structures, allocation of space to users, and 
centralization of common supplies used by research 
staff. Greenhouse renovation in the west area 
commenced during February. 

Routine activities included replacement of 506 
glass roof panels, collection and centralization of 
10,788 pots, and supply of 176 t ground orpulverized 
soil for pots and greenhouses. We installed auto
matic irrigation systems forpots in the upland screen
houses and started making concrete beds in the east 
greenhouses. A continuou; water flow system in
stalled above one of the glasshouses helped reduce 
temperature by 4-6 "Cduring peaV. solar radiation. 

Containment facility. The dedgn and operation 
of containment facilities from around the world were 
studied and design plans for the IRRI containment 
facility were proposed. 

COMMUNICATIONS SUPPORT 

The Information Center provides in-house commu
nications support services to IRRI programs, ad
ministration, and other entities. The support in
cludes editorial, typesetting, artwork, design. print
ing, photography, and audiovisual services. 

The Information Centerprinted 14.5 million pages 
of text in-house in 1991 (not including IRRI books 
and periodicals, which are contracted out). More 
than 33,000 original slides were produced, 42,000 
slides were duplicated, and 56,200 black-and-white 
photographs were developed. About 2,400 black
and-white artworks were drawn, and 8,000 pages 
laid out. Fifty posters were prepared. 

We edited an additional 93 journal and miscella
neous papers (conference papers, proposals, etc.) 
totaling about 2,000 pages. 

http:11,040.32


The other work of the Information Center-li-
brary services, scientific publication, data bases, 
conferences and workshops, and public awareness-
isprogram-driven and is reported under the Informa-
tion and Knowledge Exchange program (p.226). 

PROJECT MANAGEMENT SIRViCES AND 
BIOMETRICS 

The Project Management Services and Biometrics 
(PMSB) Unit assumed the duties and responsibili-
ties of the Department of Statistics beginning in 
January 1990. It provides biometrics expertise and 
related services in support of research and interna-
tional programs. The computational services, a key 
function of'the previous Statistics Department, have 
been discontinued, 

Biometrics consultation. PMSB provides con-
sultation services and training in biometrics to IRRI 
researchers, scholars, fellows, and trainees. There 
were 318 wall-in consultations in 199 1; most (77%)
pertained to statistical analysis and inierpretation of 
research data, and the rest dealt with experimental
design and field plot techniques. 

Biotn'ttrics training. Since IRRI researchers 
must perform their own statistical analyses, PMSB 
concentrated on the in-hiot;c biometrics training 
programs. !n 1991, PNISB offered 10 training cum 
workshop programs (a total of 212 course hours), 
which had 312 participants: 
* 	 field plot techniques, 
O 	principles of experimental design and commonly 


used designs for rice experiments, 

* 	 analysis of variance, 
* 	 regression Lnd correlation analysis for experi-


mental data, 

* 	 interpretation and presentation of research re-

suits, 
[ chi-square test, 
M multivariate analysis, 
* SAS basics, 

[ genetic Analysis via SAS, and 

* 	 IRRISTAT. 


PMSB staffalso provided biometrics lectures and 
a practicum in nine Institute short-term training 
courses involving 200 total class hours. 

In consonance with the Institute's recent focus on 
sharing training responsibilities with national pro
grams. PMSB staff participated as resource persons 
in several training programs coordinated by national 
oi regional centers in 1991. These include 
U Research Data Analysis and Management course 

held in Bhutan, 29 Apr-7 May 1991, and 
M Data Management for On-farm Trials course 

offered jointly with SEARCA, II Mar-12 Apr
 
1991.
 
Development of IRRISTAT. IRRISTAT, 
 a 

nicro-based statistical software developed in-house, 
is designed to assist agricultural researchers (par
ticularly rice researchers) with experiment layout, 
plot sampling, data collection, data management,
statistical analysis of data, and presentation of re
suits. The first IRRISTAT version (90-I) was re
leased in January 1990 and the second (91-I ) in April 
1991. There are more than 400 registered IRRISTAT 
users in 45 countries. 

Research. PMSB staff undertook two research 
activities in 1991. 

Development oJi'fieldplot techniqlcsfor rainfed 
lowland rice. We reviewed and evaluated existing 
techniques. With members of the Rainfed Lowland 
Rice Research Consortium, we planned 1991 wet 
season field studies on field plot techniques. The 
studies were conducted at twoConsortium key stes: 
Polba-Chinsurah, West Bengal in India, and Ubon 
Ratchathani in Thailand. 

Data tiana(gemenltijoon-[rarnt trials. PMSB staff 
coordinated project activities and worked on the 
development ofIRRIOFT, ageneralized micro-based 
data management system for on-farm trials for tech
nology verification. By the end of 199 1,three of five 
IRRIOFT modules had been completed. They are 
being tested at two pilot sites percountry in three col
laborating countries (Indonesia, Philippines, and 
Thailand). The five modules are Variable Prescrip
ion, Form Generation, Data Entry/Editing/Display/ 
Discard, Data Analysis/Summary/Presentation, and 
Information Storage and Retrieval. 

Research support services 291 



Publications and seminars
 

Under Institute publicationsare listed the 18 major 

books in English (I is a computer edition, on disk-

ette), 11 translations of 6 books in 7 languages, 7 

monographs in the IRRI Research Paper Series, and 

Seven of5 periodicals published by IRRI in 1991. 

the translations were produced by national organiza-

tions with assistance from the Institute. 

Subsequent sections list, by division, the output 

of individual scientists and additional bibliographies 

produced by the Library and Documentation Center. 

Institute publications 
Books 
Training and technology transfer course: performance 

objectives manual. 1991. 
World rice statistics 1990. 1991. 
IRRI 1990-1991: acontinuing adventure in rice research. 

1991. 
Rice grain marketing and quality issues. 1991. 
Direct seeded flooded rice in the tropics. 1991. 
Rice blast modeling and forecasting. 1991. 
World bibliography of rice steni brers 1794-1990. Z.R. 

Khan, J.A. Litsinger, A. F.Barrion, F.F.D. Villanueva, 
N.J. Fernandez, and L.D. Taylo. 1lQ)1. 4 15 p. 

Program report for 1990. 317 p. 
Rice genetics Ii. 1991. 844 p. 
A handbook for weed control in rice. Kwesi Ampong-

Nyarko and S.K. De Datta. 1991. 113 p. 
A primer on organic-based rice fanning. R.K. Pandey. 

1991. 201 p. 
Home chefs of the world: rice and rice-based recipes. 

1991. 252 p. 
Human geography of rice in Southeast Asia. R.E. Huke 

and E.H. Huke. 1990. This set updates the 1982 map 
and data. 

Editing and publication: a training manual. 1.Montagnes. 
1991. 

Editing and publication: a handbook for trainers. 
I. Montagnes. 1991. 
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Basic procedures for agroeconomic research (revised). 
1991. 

Rice production skills development series (RP3-01 to 33). 

1991. (booklets) 

Publications of the international agricultural research 
and 	 development centers: 1990 computer edition.
(on diskette) 

Translations 
Field problems of tropical rice [Lao edition]. 

Helpful insects, spiders, and pathogens: friends of the rice 

farmer [Banglaedition], by B.M. Shepard, A.T. Barrion, 
and J.A. Litsinger. 

A farmer's primer on growing rice. 2d Vietnamese 
edition, in southern region dialect (1st ed. was published 
in northern region dialect). 

A fanner's primer on growing upland rice IBicol and 
Cebuano (Philippines) editions], by M.A. Arraudeau 
and B.S. Vergara. 

A farmer's primer on growing cowpea on riceland [Bicol 
(Philippines), French. and Bahasa Indonesia editions], 
by R.K. Pandey. 218 p. 

A farmer's primeron growing soybean on riceland [French, 
Cebuano(Philippines), and Bahasa lndonesiaeditions], 
by R.K. Pandey. 

Research Paper Series 
145. 	 A generalized model of economic constraints on 

crop turnaround time, by A. Orr. 12 p. 
146. 	 Dual-purpose legumes in the rainfed lowland rice

based system in the Philippines, by N.U. Ahmed, 
P.E. Hildebrand, and V.R. Carangal. 13 p. 

147. 	 Rice production trends in selected Asian countries, 
by M.D. Pathak and K.A. Gomez. 14 p. 

148. 	 Crop establishment (Beusani) in Cuttack district, 
India, by S. Fujisaka, K.T. Ingram, and K. Moody. 
9 p. 

149. 	 Rice herbage, by T. Kupkanchanakul and B.S. 
Vergara. 23 p. 

'-----A ... 



150. 	 Methods for studying blue-green algae in ricefields: 
distributional ecology, sampling strategies, and 
estimation ofabundance, by P.A. Roger, R.Jimenez, 
and S.S. Ardales. 19 p. 

151. 	 Systems simulation at IRRI, by F.W.T. Penning de 
Vries, M.J. Kropff, P.S. Teng, and G.J.D. Kirk. 67 p. 

Periodicals 
International rice research newsletter, Vol. 16, nos. 1-6 

and IRRN subject and variety indexes 1990 
IRRI reporter, 1/91, 2/91, 3/91, 4/91 

Rice literature update, Feb, Apr, Jun, Aug, Oct, Dec 

IRRI hotline 

This week at IRRI 


Agricultural Engineering 
Douthwaite B,Quick G R (1991) Rotary combing stripper 

harvester for small area farming. In Proceedings of the 
International Agricultural Mechanization Conference, 
Beijing, October 1991. 

Quick G R (1991) Engineering development for small 

scale rural industry in the rice world-the IRRI 

experience. In Proceedings of the Regional SeminaronTechnology Ior Rural Industry, Chiang Ma, Thailand, 
24-25 July 199 1. 

24-2 Juy 191.Real 
Quick G R ( 1991 ) Engineering for the low-income sectorQutleric R91 ninegfrthe low-experiencnPomedgser

ofthe rice world-the IRRI experience, in Proceedings 

of the International Agricultural Mechanization 

Conference, Beijing, October 1991. 


Quick 6 R (1991) Rice postharvest technology and the 

IRRI position onl intellectual property (WIPO). /it 

Proceedings of the Asian Regional Seminar on the Use 

of Industrial Property April 199T1. Transfer
Agreement, Beijing, 8-1 lnd Technology 

Quick G R, ed. (1991) Rodents and rice. Report and 

proceedings of an expert panel meeting on rice rodent 

control, Los Baios. September. 132 p.Wang Honyong, Quick G R (199 )Hand-operated seeder 
forprecision seeding.IiProceedingsofthe Interational 
AgrculuralchaiainCo fe ingofthelntematil 
October 1991. 

Agronomy, Plant Physiology, and Agroecology 
Aragoncs D A, Senmandi S, Seshu D V, Yamauchi M 

(1991) Varietal difference in growth and grain yield of 
broadcast-seeded short duration rice plants with 
special reference to seed vigor. Philipp. J.Crop Sci. 16 
(suppl. 1): 15. 

Bastitians L (1991) Quantification ofthe effect of leaf blast 
on leaf photosynthesis, crop growth, using an 
ecophysiological model for crop growth. Pages 89-99 
in Rice blast modeling and forecasting. International 
Rice Research Institute, P.O. Box 933, Manila, 
Philippines. 

Bastiaans L (1991) Ratio between virtual and visual lesion 
size as a measure to describe reduction in leaf photo
synthesis of rice due to leaf blast. Phytopathology 80, 
81:611-615. 

BeckerM,DieknannKH,LadhaJKDeDattaSKOttow 
JC G (1991) See Soil Microbiology. 

Bhuiyan M A, Garrity D P,Centeno G (1991) See Soil and 
Waler Sciences. 

Bossio D A, Cassman K G (1991) Traditional rainfed 
barley production in the Andean highlands of Ecuador: 
soil nutrient limitations and other constraints. Mt. Res. 
Dev. 	11:115-126. 

Buresh RJ, De Datta S K (1991) Nitrogen dynamics and 
management in rice-legume cropping systems. Adv. 
Agron. 45:1-59. 

Buresh R J, De Datta S K, Samson M 1, Phongpan S, 
Snitwongse P, Fagi A M, Tejasarwaa R (199) 
Dinitrogen and nitrous oxide flux from urea basally 
applied to puddled rice soils. Soil Sci. Soc. Am. J. 
55:268-273. 

Calendacion A N, Garrity D P, Batugal P, De Datta S K 
(1991) Incr,,ased productivityand profitability through 
potato-wet seeded rice cropping systems. Philipp. J.Crop Sci. 16:121-127. 

De Datta SK, Buresh R J,Samson M 1, Obcemea W N, 
J G6(1991) Direct measurement of ammonia and

Ra 19)Drc esrmn fmoi ndenitrification fluxes from urea anplied to rice. SoilSci. Soc. Am. J. 55:543-548. 

Di McCr. T o Cu:NC,-efin 
Dingkuhn M, CruzR T,O'TooleJ C,TurN C, Doerffling 

K (1991) Responses of seven diverse rice cultivars to 
water deficits. I11.Accumulation of abscisic acid and 
proline in relation to leaf water-potential and osmotic 
adjustient. Field Crops Res. 27:103-117.Dingkuhn M, Farquhar G D, De Datta S K, O'Toole J C 

(1991) Discrimination of 13C among upland rices 
having different water use efficiencies. Aust. J.Agric.Res. 42:1123-3 1. 

Dingkuhn M, Penning de Vries F W T, De Datta SK, van 
Laar H H (1991) New plant type concepts for direct 
seeded flooded tropical rice. Pages 17-38 in Direct 
seeded flooded rice in the tropics. International Rice 

Research Institute, P.O. Box 933, Manila, Philippines.
Dingkhun M, Schnier H F, De Datta S K, Dorffling K,

Javellana C (1991) Relationships between ripening
phase productivity and crop duration, canopy 
photosynthesis and senescence in transplanted and 
direct-seeded lowland rice. Field Crops Res. 26:327
345. 

Elahi Nur-E, Furoc R E,Carangal V R, Parder W D (199 1) 
See Asian Rice Farming Systems Network. 

Elliot P C, Moody K (1991) Influence of weed-control 
practices in the first crop on the tillage requirements for 
the succeeding crops in an upland rice-maize-cowpea 
cropping sequence. Crop Prot. 10(1):28-33. 

Fujisaka S, Garrity D P (1991) See Social Sciences. 
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Garcia A G, Garrity D P (1991) Simulation of phosphorus 
fertilizer requirement of upland rice in two acid upland 
sites in the Philippines. Pages 19-32 in Simulation and 
systems analysis for rice production (SARP). F.W.T. 
Penning de Vries, H.H. van Laar, and M.J. Kropff, eds. 
PUDOC, Wageningen. 

Garrity D P. Sajise P E (1991) Sustainable land use 
systems research in Southeast Asia: a regional 
assessment. Pages 59-76 in Proceedings of an 
International Workshop on Sustainable Land Use 
Systems Research. New l)elhi, India. 

Ingrain K T, Dingkuhn M, Novero R P, Wijangco E J 
(1991) Growth awi-CO, assimilation of lowland rice in 
response to timing and method of N fertilization. Plant 
Soil 132:113-125. 

Janiya JD, Moody K (1991) Effect ofwater deficit on rice-
weed competition undergreenhouse conditions. J.Plant 
Pint. Trop. 8(1 ):25-35. 

KropffM J, Spitters C J T ( 1991) A simple model of crop 
loss by weed competition from early observations oil 
relative leaf area of the weeds. Weed Res. 31:97-105. 

Kupkanchanakul T, Vergara B S (1991 ) Rice herbage as 
animal feed in deepwater areas. Rice Fanning Syst. 
Tech. Exch. 1(2): 19-22. 

Moody K (1991) Crop-weed complexity in lowland rice. 
Pages 15-26 in Proceedings of the 13th Asian-Pacific 
Weed Science Society Conference, Jakarta, Indonesia. 

Moody K (1991) Weed control in upland rice with emphasis 
oii grassy weeds. Pages 164-178 in Tropical grassy 
weeds. F.W.G. Baker and P.J. Terry, eds. CASAFA 
Report Series No. 2. CAB International, Wallingford, 
Oxon 0X10 8DE, U.K. 

Moody K (1991) Weed management in rice. Pages 31-
328 in Hand book of pest management in agriculture. 
D. Pimentel, ed. 2d ed. CRC Press, Inc.. Boca Raton, 
Florida, USA. 

Navarez D C, Moody K (1991) Effects of weed control and 
tillage in a rice - mungbean crop rotation. J. Plant Prot. 
Trop. 8(l):13-23. 

Osuna-Canizalez F J, De Datta S K, Bonman J M (1991) 
Nitrogenfon and silicon nutritioneffectson resistance 
to blast disease of rice. Plant Soil 135:223-231. 

Pablico P P, Moody K (1991) Effect of fentin acetate on 
wet-seeded rice, Pistiastratiotes and Azolla piinata. 
Crop Prot. i0(1):45-47. 

Peng 	 S. Krieg D R (1991) Single leaf and canopy 
photosynthesis response to plant age in cotton. Agron. 
J. 83:704-708. 

Peng S, Krieg D R, Girma F S (1991) Leaf photosynthetic 
rate is correlated with biomass and grain production in 
grain sorghum linc:s. Photosynthesis Res. 28:1-7. 

Penning 	de Vries 1- W T, Spittcrs C I T (1991) The 
potential for improvement in crop yield simulation. In 
Climatic risk in crop production: models and 
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management for the semi-arid tropics and subtropics. 
Commonwealth Scientific and Industrial Research 
Organization, 1990. R.C. Muchow and J.A. Bellany, 
eds. CAI International, U.K. 

Penning de Vries F W T, van Laar H H, Kropff M J, eds. 
(1991) Simulation and systems analysis for rice 
production (SARP). Selected papers presented at 
workshops on crop simulation of a network of national 
andinternationalagriculturalresearchcentersofseveral 
Asian countries and the Netherlands, 1990-1991. 
PUDOC, Wageningen. 366 p. 

Rashid M A(1991)Simulationof potential productionand 
nitrogen response of IR72. Pages 5-1I in Case studies 
in growth simulation. February 1)90-1991. IRRI/ 
CABO/TPE. 

Sanyal S K, De Datta S K( 1991 ) Chemistry of'phosphorus 
transformations in soil. Adv. Soil Sci. 16. 

Satrusajang A, Snitwongse P, Buresh R J, Friesen D K 
(1991) Nitrogen- 15 and sulfur-35 balances orfertilizers 
applied to transplanted rainfed lowland rice. Fert. Res. 
28:55-65. 

Senanayake N, De Datta S K, Naylor R E L, Thompson W 
J ( 1991 ) Lowland rice apical development: stages and 
cultivar difftrences detected by electron microscopy. 
Agron. J. 83(6): 1013-1023. 

Timsina J (1991) Drought and waterlogging of food 
legumes: a review ofeffects, tolerances and implications 
for:imulation. Pages 261-276 in Simulaiion and ,,ys,,cms 
analysis for rice production (SARP). F.W.T. Penning 
de Vries, H.H. van Laar, and M.J. Kropff, eds. PUDOC, 
Wageningen. 

Timsina J (1991) Simulation models as tools for yield 
prediction and extrapolation: an example for cowpea. 
Pages 53-59 in Simulation and systems analysis for rice 
production (SARP). F.W.T. Penning de Vries, H.H. 
van Laar, and M.J. Kropff, eds. PUDOC, Wageningen. 

Vergara B S, Venkateswarlu V, Janoria M, Ahn J K, Kim 
JK, Visperas R M (1991) Rationale for a low-tillering 
rice plant type with high-density grains. Pages 39-53 in 

Direct seeded flooded rice in the tropics. International 
Rice Research Institute, P.O. Box 933, Manila, 
Philippines. 

Williams W A, Graves W L, Cassman K G, Miller P R, 
ThomsenC D(1991 )Nitrogen fixation versusestimated 
water usage by berseem clover. Calif. Agric. 
45(4):30-32. 

Xia J Y, Penning de Vries F W T, Litsinger JA (1991) See 
Entomology. 

Entomology 
Barrion A T, Litsinger J A, Last H (1991) A new species 

of Hesperus (Coleoptera: Staphylinidae) and other 
rove beetles associated with rice agroecosystems. 
Philipp. Entomol. 8(4):1075-1080. 
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Barrion A T, Litsinger J A, Medina E B, Aguda R M, 
Bandong J P, Pantua P C, Jr., Viajante V D, dela Cruz 
C G, Vega C R, Soriano J S. Camafiag EE. Saxena 
R C, Tryon E H, Shepard B M (1991) The rice 
Cnaphalorocis and Marasmia (Lepidoptera: 
Pyralidae) leaffolder complex in the Philippines: 
taxonomy, bionomics, and control. Philipp. Entomol. 
8(4):987-1074. 

Bottrell D G (1991) Limitations to low-input pest 
management in developing countries. Pages 143-146 
in Internationalplantprotection: focuSonthedeveloping 
world. Proceedings of the II lth International Congress 
of Plant Protection, October 5-9 1987, Manila, 
Philippines. E.D. Magallona, ed. Vol. 1. International 
Congress of Plant Protection, Manila. 581 p. 

Demayo C G, Khan Z R, Saxena R C (1991) Genetic 
differences beiween two leaffolder species, 
CnaMalocrocis inedinalis Guenee and Marasmia 
painalisBradley (Lepidoptera: Pyralidae) associated 
with rice. Pages 332-335 in International plant 
protection: focuson the developing world. Proceedings 
of the I I th International Congress of Plant Protection, 
October5-9 1987, Manila, Philippines. E.D. Magallona, 
ed. Vol. 2. International Congress of Plant Protection, 
Manila. 363 p. 

Heong K L (1991) Modeling in the analysis of pest 
management strategies. Pages 35-38 in Systems 
simulation at IRRI. F.W.T. Penning de Vrie::, M.J. 
Kropff, P.S. Teng, and G.J.D. Kirk, eds. International 
Rice Research Institute, P.O. Hox 933, Manila, 
Philippines. 

Heong K L, Aquino G B, Barrion A T (1991) Arthropod 
community structures of rice ecosystems in the 
Philippines. Bull. Entomol. Res. 81:407-416. 

Heong K L, Saad Bleih, Rubia EG(1991)Preypreference 
of the wolf spider, Pardosa psetdoannulata (Boes et 
Strand). Res. Popul. Ecol. 33:179-186. 

Khan Z R, Litsinger J A, Barrion A T, Villanueva F, 
Fernandez N, Taylo L (1991) World bibliography of 
rice stein borers. International Rice Research Institute, 
P.O. Box 933, Manila, Philippines. 415 p. 

Litsinger J A (1991) Crop loss assessment in rice. Pages 
1-65 in Rice insects: management strategies. E.A. 
Heinrichs and T.A. Miller, eds. Springer-Verlag, New 
York, USA. 

Litsinger IA, Hasse V,Schmutterer H (1991) Response of 
Ostiniafnrnacalis(Guenee) (Lepidoptera, Pyralidae) 
to intercropping. Environ. Entomol. 20(4):988-1004. 

Mochida 0, Guevarra H T, Litsinger J A, Basilio R P 
(1991) Golden apple snail Pomacea (analiculata: an 
introduced pest of rice. Pages 86-89 in International 
plant protection: focus on the developing world. 
Proceedings ofthe 1 lth International Congress of Plant 

Pro:ectinn, October 5-9 1987, Manila, Philippines. 


E.D. Magallona. ed. Vol. 1. International Congress of 
Plant Protection. Manila. 581 p. 

Norton 	G A, Holt J. Heong K L. Cheng J, Wareing D R 
(1991). Systems analysis and rice pest management. 
Pages 287-321 in Rice insects: management strategies. 
E.A. Heinrichsand T.A. Miller, eds. Springer-Verlag, 
New York. USA. 

Roger P A, Heong K L, Teng P S (1991) See Soil 
Microbiology. 

Saxena R C. Barrion A A (19( ') Limitations of host plant 
resistance: insect biotypes. Pages 541-549 in 
International platt protection: focus on the developing 
world. Proceedings of the I I i International Congress 
of Plant Protection, October 5-9 1987, Manila, 
Philippines. E.D. Magallona, ed. Vol. I. International 
Congress of Plant Protection, Manila. 581 p. 

Saxena R C, Demayo C G, Barrion A A (1991) Allozyme 
variation among biotypes of the brown planthopper 
Nilaparvatahuge,s int tne Philippines. Biochem. Genet. 
29(3/4):115-123. 

Saxena R C, Khan Z R ( 991) Electronic recording of 
feeding behavior of Cnaphalo'rocismedinalis 
(Lepidoptera: Pyralidae) on resistance and susceptible 
rice cultivars. Ann. Entomol. Soc. Am. 84(3)'316-318. 

Teng P S, Bottrell D G (1991) See Plant Pathology. 
Velusamy R, Saxena R C (1991) Genetic evaluation for 

resistance to rice thrips (Thysanoptera:Thripidae) in 
leafhopper- and planthopper-resistant rice varieties. J. 
Econ. Entomol. 84(2):664-668. 

Way MO, Grigarick A A, LitsingerJ A, Palis F, Pingali 
P L (1991) Economic thresholds and injury levels for 
insect pests of rice. Pages 67-105 in Rice insects: 
management strategies. E.A. HeinrichsandT.A. Miller, 
eds. Springer-Verlag, New York, USA. 

Xia J Y. Penning de Vries F W T, Litsinger J A (1991) 
Model of population dynamics of Scirpop/haga 
incerttlas (Walker) (Lepidoptera: Pyralidae). Environ. 
Entomol. 20(3):832-840. 

ZhangZT, Saxena R C, Boncodin ME M (1991) Effectof 
neem oil on courtship signal and mating behaviorofthe 
female brown planthopper, Nihlparvata ligens (Stil) 
[in Chinese, English summary]. Acta Entomol. Sin. 
34(1):1-6. 

Zhang Z, Yin B, Chen L, Saxena R C (1991) The model of 
signal production and the simulation of female signals 
in rice brown planthopper, Nilaparvata lugens (Stil) 
(Homoptera: Delphacidae). Chin. J. Rice Sci. 5(l): 
29-36. 

Plant Breeding, Genetics, and Biochemistry 
Bainton S J, Plumb V E, Juliano B 0, Perez C M, Roxas 

D B, Khush G S, de Jesus J C, Gomez K A (1991) 
Variation in the nutritional value of rice straw. Anim. 
Feed Sci. Technol. 34:261-277. 
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Brar D S,de los Reyes BG, Panaud 0, Sanchez A, Khush 
G S(1991 )Genetic mapping in rice using isozymes and 
RFLP markers. Pages 137-145 in Rice genetics I!. 
International Rice Research Institute, P.O. Box 933, 
Manila, Philippines. 

Constantino SV, Caballero P,Juliano B 0, Ibabao M G B 
(1991) Epicuticular wax alkanes of rice leaf and hull. 
Kimika J.Chem. Soc. Philipp. 7:27-30. 

Endo N, Bustos G A, Ogawa T, Khush G S (1991) Rice 
cultivar groups in Myanmar based on reaction to 
bacterial blight. Jpn. J. Breed. 41:289-300. 

Huebner F R, Hussain A, Lookhart G L, Bietz J A, 
Bushuk W, Juliano B 0 (1991) Discrimination of 
sister-line IR rice varieties by polyacrylamide gel 
electrophoresis and reversed-phase high-performance 
liquid chromatography. Cereal Chem. 68:583-588. 

Juliano B 0 (1991) Rice in human nutrition. Pages 31-34 
in Cereals international. Proceedings of aconfrence, 
Brisbane, Australia, Sep 9-13 1991. D.J. Martin and 
C.W. Wrigley, eds. Cereal Chemistry Division, Royal 
Australian Chemical Institute, Parkville, Victoria 3052, 
Australia. 

Juliano B 0, Duff B D (1991) Rice grain quality as an 
emerging priority in national rice breeding program. 
Pages 55-64 in Rice grain marketing and quality issues. 
International Rice Research Institute, P.O Box 933, 
Manila, Philippines. 

luliano B 0, Duff B D (1991) Setting priorities for rice 
grain quality research. Pages 201-211 in Grain 
postharvest research and development: priorities for 
the nineties. Proceedings of the 12th ASEAN Seminar 
on Grain Postharvest Technology, Aug 29-31 1989. 
Surabaya, Indonesia.J.0. Naewbanij,cd. ASEAN Grain 
Postharvest Programme, Bangkok. 

Juliano B 0, Hussain A, Resurreccion A P, Bushuk W 
( 1991 ) Interference of phytate with extraction ofprotein 
from brown rice using 5 M acetic i_ id. Cereal Chem. 
68:317-318. 

Juliano B 0, Perez C M, Chang T T (1991) Storage 
longevity. Rice Biotechnol. Q. 6:21-22. 

Juliano B 0, Perez C M, Maranan C L, Abansi C L, 
Duff B (1991) Grain quality characteristics of rice in 
Philippine retail markets. Pages 256-265 in Grain 
postharvest research and development: priorities for 
the nineties. Proceedings of the 12th ASFAN Seminar 
on Grain Postharvest Technology, Aug 29-31 1989. 
Surabaya, Indonesia. J.O. Naewbanij, ed. ASEAN Grain 
Postharvest Programme, Bangkok. 

Juliano B O, PerezC M, VillarealC P,Tonogai J,Biliaderis 
CG (1991) Role of amylopectin in varietal differences 
in hardness of cooked rice and starch gels: a status 
report. Pages 143-146 in Cereals international. 
Proceedings of a conference, Brisbane, Australia, 
Sep 9-13 1991. D.J. Martin and C.W. Wrigley, eds. 
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Cereal Chemistry Division, Royal AustralianChemical 
Institute, Parkville, Victoria 3052, Australia. 

Kaosa-ard M, Juliano B 0 (1991) Assessing quality 
characteristics of rice in selected international markets. 
Pages 351-371 in Grain postharvest research and 
development: priorities for the nineties. Proceedings of 
the 12th ASEAN Seminar on Grain Postharvest 
Technology, Aug 29-31 1989, Surabaya, Indonesia. 
J.O. Naewbanij, ed. ASEAN Grain Postharvest 
Programme, Bangkok. 

Kaosa-ard M, Juliano B 0 (1991) Assessing rice quality 
characteristics arid prices in selected international 
markets. Pages 23-35 in Rice grain marketing and 
quality issues. International Rice Research Institute, 
P.O. Box 933, Manila, Philippines. 

Kaushik R P, Khush G S (1991) Endosperm mutants in 
rice: gene expression in japonica and indica 
backgrounds. Cereal Chem. 68:487-491. 

Kaushik R P, Khush G S (1991) Genetic analysis of 
endosperm mutants in rice, Or'za sativa L. Theor. 
Appl. Genet. 8i: 146-152. 

Khush G S, Kinoshita T (1991) Rice karvotype, marker 
genes, and linkage groups. Pages 83-108 in Rice 
biotechnology. G.S. Khush and G.H.Toenniessen,eds. 
CAB International, Wallingford, England, and 
Internationai Rice Research Institute, P.O. Box 933, 
Manila, Philippines. 

Khush G S, Brar D S (1991) Genetics of resistance to 
insects in crop plants. Adv. Agron. 45:223-274. 

Khush G S, Juliano B 0 (1991) Research priorities for 
improving rice grain quality. Pages 65-66 in Rice grain 
marketing and quality issues. International Rice 
Research Institute, P.O. Box 933, Manila, Philippines. 

Khush G S, Singh R J (1991) Chromosome architecture 
and aneuploidy in rice. Pages 577-598 in Chromosome 
engineering in plants: genetics, breeding, evolution. 
Part A. P.K. Gupta and T. Tsuchiya, eds. Elsevier 
Science Publishers B.V., Amsterdam. 

Khush 	 G s, Toenniessen G H, eds. (1991) Rice 
biotechnology. CAB International, Wallingford, 
England, and International Rice Research Institute, 
P.O. Box 933, Manila, Philippincs. 320 p. 

Khush G S, Virmani S S (1991) Rice breeding strategies 
for the nineties. Pages 227-233 in Rice production on 
acid soils of the tropics. P. Deturck and F.N. 
Ponnamperuma, eds. Institute of Fundamental Studies, 
Kandy, Sri Lanka. 

Lookhart G L, Juliano B 0, Webb B D (1991) Effect of 
solvent extraction, environment, and genetic 
background on differentiating rice by reversed-phase 
high-performance liquid chromatography. Cereal 
Chem. 68:396-400. 

Maranan 	C L, Duff B, Juliano B 0 (1991) See Social 
Sciences. 



McCouch S R,Khush G S,Tanksley S D (1991) Tagging 
genes for disease and insect resistance via linkage to 
RFLP markers. Pages 443-449 in Rice genetics 11. 
International Rice Research Institute, P.O. Box 933, 
Manila, Philippines. 

Ogawa T, Bustos G A, Tabien R E, Rcmero G 0, Endo N, 
Khuh G S (1991) Grouping of rice cuftivars based on 
reaction pattern to Philippine races of bacterial blight 
pathogen (Xanthomonas campestrispv. ortvzae). Jpn. 
I. Breed. 41:109-119. 

Ogawa T,Yamamoto T, Khush G S,Mew T W (1991) 
Resistance and itsinhc ritance to bacterial blight of IR8 
rice cultivar groap. Jpn. J.Breed. 41:211-221. 

Ogawa T, Yamamoto T, Khush G S,Mew T W (1991) 
Breeding of near-isogenic lines of rice with single 
genes for resistance to bacterial blight pathogen 
(Yanthouonas (animestris pv. oryvae). Jpn. J. Breed. 
41:523-529. 

Panlasigui L N, Thompson L U. Juliano B 0, Perez C M, 
Yiu S (1991 )Starch digestibility and glycemic response 
to extruded high amylose rice noodles. Trans. Natl. 
Acad. Sci. Technol. Manila 12:109-127. 

Panlasigui L N, Thompson L U. Juiano B 0, Perez C M, 
Yiu S,Greenberg G R (1991) Rice varieties with 
similar amylose content differ in starct digestibility 
and glycemic response in humans. Am. J.Clin. Nutr. 
54:871-877. 

Siscar-Lee J J H, Juliano B0, Tsuji S,Chikubu S,Faure 
J (199 1)Viscosity and flow properties ofcooked milled 
rice slurries. Starch 43:220--225. 

Tang S X, Khtush G S,Juliano B 0 (1991) Genetics of gel 
consistency in rice. J. Genet. 70:69-78. 

Taura S,Ogawa T, Yoshimura A, Ikeda R, Omura T 
(1991) Identification of a recessive resistance gene in 
induced mutant line XM5 of rice to rice bacterial blight. 
r.:j. J. Breed. 41:427-432. 

Vaughan D A, Sitch L A (1991) See Genetic Resources 
Center. 

Villareal C P,Maranville JW, Juliano B0 (1991) Nutrient 
content and retention during milling of brown rices 
from the International Rice Research Institute. Cereal 
Chem. 68:437-439. 

Yu Z H, Mackill D J,Bonman JM, Tanksley S D (1991) 
See Plant Pathology. 

Plant Pathology 
Aswidinnoor H,Nelson R J,Dallas J F, McIntyre C L, 

Leung H, Gustafson J P (1991) Cloning and 
characterization of repetitive DNA sequences from 
genomes of Oryza minuta and Oryza australiensis. 
Genome 34:790-798. 

Bonman JM, Estrada B A (1991) As,;essment of blast 
disease and yield loss in susceptible and partially 

resistant rice cultivrs in two irrigated lowland 
environments. Am. Phytopathol. Soc. 75(5). (abstr.) 

BonmanJM,E:tradaBA, KiniCK, RaDS, LeeEJ(1991) 
Assessment of'blhst disease and yield loss in susceptible 
and partially resistant rice cultivars in two irrigated 
lowland environments. Plant Dis. 75:462-466. 

Felnis H,Prot JC (1991) Interpreting crop yield-nematode 
and nematode-nematode relationships from field data. 
J.Nematol. 23:528-529. 

Gnanamanickam S S,Mew T W (1991) Interactions 
between Sarocladiumo'vzae and stem attacking fungal 
pathogens of rice. Plant Soil 138:213-219. 

Hibino H. Ishikawa K, Omura T, Cabauatan P Q, 
Kogarezawa H (1991)Characterization of rice tungro 
bacilliform and rice tungro spherical viruses. 
Phytopathalogy 81:1130-1132. 

James WC, Teng PS, Nutter FW (1991)Estimated losses 
of crops from plant pathogens. Pages 15-51 in CRC 
handbook of pes' management. 2d ed. CRC Press, 
Boca Raton. 

KhanM A, HibinoH, AguieroV M, DaquioagRD(1991) 
Rice and weed hosts of rice tungro-associated viruses 
and leafhopper vector:,. Plant Dis. 75:926-930. 

Nutter F W, Jr., Teng P S, Shokes F M (1991) Disease 
assessment terms and concepts. Plant Di.. 75:1187
1188. 

Ogawa T, Yamamoto T, Khush G S,Mew T W (1991) See 
Plant Breeding, Genetics, and Biochemistry. 

Ogawa T, Yamamoto T, Khush G S,Mew T W (1991)See 
Plant Breeding, Genetics, and Biochemistry. 

Osuna-Canizalez F J,De Datta S K, Bonman JM (1991) 
See Agronomy, Plant Physiology, and Agroecology. 

ProtJCCucNTT(1991)Nematodesinirrigatedricecrop 

after DWR in the Mekong Delta. Deepwater Tidal 
Wetlands Rice 17:2-3. 

Prot JC, Soriano I R S,Matias D M (1991) Control of 
upland and irrigated rice nematode pests with legume 
crops. Proceedings of the XIth International Plant 
Protection Congress, Rio de Janeiro, Brazil, August 
11-16, 1992. (abstr.) 

Roger P A, Heong K L, Teng P S (1991) See Soil 
Microbiology. 

Sakthivel N, MewTW (1991)Efficacyofbacteriocinogenic 
strains of Xanthonmonas oryzae pv. oiyzae on the 
incidence of bacterial blight disease of rice (Oryza 
saliva L.). Can. J.Microbiol. 37:764-768. 

Sama S,Hasanuddin A, Manwan I, Cabunagan R C, 
HibinoH(1991)Integratedmanagementofricetungro 
disease in South Sulawesi, Indonesia. Crop Prot. 10: 
34-39. 

Savary S,Elazegui FA, Teng PS (1991) Use ofcategorized 
information for crop loss analysis in tropical rice. 
Phytopathology 81:1156. (abstr.) 
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Teng PS (1991) Evolving conccpts, principles, problems. 
and challenges of 1PM in tht Plhilippines: a reaction/ 
response Pages 59-70 in Proceedings of the 21 st 
Anniversary and AnnualConventionofthe Pest Control 
Council of the Philip'i-,es. Pest Control Council of the 
Philippines. 

Teng P S (1991) ;PM activities at the International Rice 
Research Institute. Philipp. Pest Manage. 1:4-13. 

Teng P S ( 1991 I Modeling and non-modeling approach es 
toassessing tie impact of field releases othioenireered 
organisms. Pliy.'pathology 81:1137-1142. 

Teng P S, Bottrell D G (1991)1) Development of national 
IPM program: the U S.A. experience. Pages 161-166 in 
Proceedings ofthe National Confc once and Workshop 
on Integrated Pc,; Management in Rice, Corni and 
Selected Major Crops, 1-3 March 1990, Nalional Crop 
Protection Center, UPLB, Los Bailos. National Crop 
Protection Center, Los Bafios, Phi lippine,. 

Teng P S, Calvero S B (1991) Comp~uter simulation 0if 
tropical rice-leafblast ,alrhosystem using BLASTSIM. 
2. Phytopathology 81:1143. (abstr.) 

Teng P S, Klein-Gebbinck It, Pinnschrnidt 1-1(1991) An 
analysis; of the blast pathosystei to guide modeling 
and forecasting. Pages 1-30 in Blast modeling and 
forecasting. International Rice Research Institute, P.0. 
Box 933, Manila, Philippines. 

Yu Z H, Mackill D J, Bonman J M, Tanksley S D (1991) 
Tagging genes for blast resistance in rice via linkage to 
RFLP markers. Theor. Appl. Genet. 81:471-476. 

Project Management Services and Biometrics 
Bainton S J, Plumb V E, Juliano B 0, Perez C M, Roxas 

D B, Khush G S, de Jesus I C, Gomez K A (1991) See 
Piant Breeding, Genetics, and Biochemistry. 

Social Sciences 
David C C (1991) Rural development problems arid 

prospects in agriculture and the state: enployment and 

poverty in developing countries. C.P. Timmer, ed. 
Cornell University Press, Ithaca, New York. 

Fujisaka S (1991) A set offanner-based diagnostic methods 

forsetting post-green revolution rice research priorities. 
Agric. Syst. 36:191-206. 

Fujisaka S (1991) Fanning systems development in the 

uplands of Southeast Asia: social and econornic issues. 

FAO Fanm Manage. Notes Asia Far East 14:1-18. 
Fujisaka S (1991) Inproving productivity of an upland 

rice and maize system: fanier cropping choices or 
researcher CP trapezoids? Exp. Agric. 27:253-261. 

Fujisaka S (1991) Targeting research to improve 
sustainability and productivity of shifting cultivation: 
Northern Laos. Agrofor. Syst. 13:95-109. 

Fujisaka S (1991) The role and impact of socioeconomic 
and policy research in effecting technology adoption. 
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/nTechnologies forsustainable agriculture On marginol 
uplands ill Southeast Asia. G. Blair and R. Lefroy. eds. 
Australian Centrc forAgricultural ResearchCanberra. 

Fujisaka S, Garrity D P (1991) Faners and scientists: a 
joint eltfort n upland soil conservation research and 
technology transfer. Pages 221-231 in Conservation 
Iarmning on hillslopes. International Society of Soil and 
Water Conscrvation, Taichung, Taiwan. 

Fujisaka S.Wollenberg E ( 1991 )Froi torest to agroforest 
and logger to agroforester: a case study. Agrofor. Syst. 
14(2): 113-130. 

luamg J. David C C, )uff 13(1991) Rice in Asia: is it 
beconing an inferior good? Comment. Am. J. Agric. 
Econ. 72(3). 

Juliano B 0, Duff B D (1991) See Plant Breeding, 
Genetics, and Biochemistry. 

Juliano B 0, Duff B D (1991) See Plant Breeding, 
Genetics, and Biochemistry. 

Juliano B 0, Perez C M, Maranan C L. Abansi C L, Duff 
13 (1991 ) See Plant Breeding, Genetics, and 
Biochemistry. 

Maranan C L, Duff B, Juliano B 0 (1991) Quality 
preferences for modern and traditional milled rice at 
the retail level: the Philippine case. Pages 230-255 in 
Grain Postharvest research and development: priorities 
for the nineties. Proceedings of the 12th ASEAN 
Seminar on Grain Postharvest Technology, 29-31 
August 1989, Surabaya, Indonesia. J.0. Naewbanij, 
cd. ASEAN Grain Postharvest Programme, Bangkok. 

Pingali P L (1991) Agricultural growth and the environment: 

conditions for the;r compatibility in Asia's humid 
tropics. In Proceedings of the Conference oi 
Agricultural Sustainability, Growth and Poverty 
Alleviation. Internatinnal Food Policy Research Institute 
and Deutsche Stiftung fur Entwickslunder. 

Pingali P L, Moya P F, Velasco L E (1991) Prospects for 

rice yield improvements in the post-green revolution 
Philippines. Philipp. Rev. Econ. Business 27(l ):86-97. 

Vo Tong Xuan, Pirigali P L, Gerpacio R V (1991) Can 

Vietnam sustain its re-acquircd rice exporter status. 
Pages 92-114 in Proceedings ofthe First Annual Meeting 
of the Vietnam Society of Agricultural Economists, 
18-20 Dec, Hanoi, Vietnam. International Rice Research 

Institute and International Development Research 
Centre. 

Way M1L0, Grigarick A A, Litsinge J A, Palis F, Pingali P
1991 ) See Entomology. 

Soil Microbiology 
BeckerM, DickrmannKH,LadhaJK,DeDattaSK,Ottow 

J C G (1991) Effect of NPK on growth and nitrogen 
fixation of Sesbania rostrataas a green manure for 
lowland rice (Oo3zasalivaL.). Plant Soil 132:149-158. 

• ..
 



Roger PA (1991) Reconsidering the utilization of blue-
green algae in wetland rice cultivation. Pages 119-141 
in Biological N, hixation associated with rice production. 
S.K. Dutta and C. Sloger. eds. Oxford & I3H Pub.,
New Delhi. 

Roger PA,Heong K L,Teng PS(1191) Biodiversity and 
sustainability of wetland rice production: role ald 
potential of microorgani.ins and invertebrates. Pages 
117-136 in The biodiversity of imicroorgan i sins and 
invertebrates: its role in sustainable agricuhurc. 
Proceedings of the First Workshop on Ecological 
Foundations of Sustainable Agriculture (WEFSA I). 
July 26-27, 1990, London. D.L. Hawskworlh. ed. CAB 
Internationai, UK. 

Watanabe I (1991) Biological nitrogen fixation in 
sustainable rice ftnning. Pages 280-289 in Biological
N, fixation associated with rice production. S.K. Dutta 
and C. Sloger, ed. Oxford & IBH Pub., Ne\, Delhi. 

'Aal 'iabc I,Yoneyama T.Talukdar H.Ventu, W (1991) 
The contribution of atmospheric N, to A1:olla spp. 
grown in flooded soils. Soil Sci. Plant Nutr. 37: 
101-109. 

Yoneyania T,Uchiyama T,Sasakawa H,Garno T, Ladha 
J K,Watanabe 1(1991) Nitrogen accumulation and 
changes in natural "N abundance in the tissues of' 
legumes with emphasis on N, fixation by stem-
ndul iting plants in upland and paddy fields. Soil Sci. 
Plant Nutr. 37:75-82. 

Soil and Water Sciences 
Bhuiyan M A. Garrity 1)P,Centeno G (1991) Simulation 

ol'soil-water balance and crop produtctiv.y ofa rain fed 
sorjan system. Pages 211-224 ill Case studies ingrowilh
sinmulation. February 1990-1991. IRRI/CABOfFPE. 

Bhtiyan S IUndan RC(1991) Pages 579-628 in Irrigation 
in tropical areas. Hoffnan. HowellI,and Solonion, eds. 
American Society of Agricultural Engineers. USA. 

Ghani M A. Bhuiyan S I,Hill R \V (1991) A model to 
evaluate itensive ,..ex\tensivye irrigation practices for 
irrigated rice production system in Bangladesh. Agric. 
Water Manage. 20(31:233-244. 

Kirk G J D. Bouldin 1) R (1991) Speculations on the 
operation of Ihe rice root systen in relation to nutrient 
uptake. Pages 195-2(13 in Simnlation and systetms 
analysis for rice production. F.W.T. Penning de Vries, 
H.H. van Laar. and M.J. Kropff, eds. PUDOC. 
Wagcninggn. 

Genetic Resources Center 

INTERNATIONAt Ni"[WORK FOR GENTtc EVALUATION 
or RtC: 
Ahn S W. Seshu I) V (1991) Blast reaction of durably 

resistant rice cultivars in multi-location trials. 
Phytopathology 8(11:1150. (abstr.) 

INTE-RNATIONAL.RICE GERMPL ASM CENTER 
Arago-c:, D A.Scnmandi S,Seshu D V,Yamauchi M 

1 Agronomy, Plant Physiology, and1991I) See 
Agroecology. 

Chang T T (1991) Rice and plant variety: apractitioner's 
view. Forum Appl. Res. Public Policy 6(3):95-99. 

Chang,TT(l 991 )Th2 role ofinproved seeds in agricultural 
development of the developing world. SABRAO J. 
23:1-5. 

Chang TT.Li C C (1991) Genetics and breeding. Pages 
23-102 in Rice production. Vol. 1.2d ed. B.S. Luh, ed. 
Van Nostrand Reinhold Co., New York. 

Chang TT.Luli BS(1991) Overview and prospects ofrice 
production. Pages 1-12 in Rice production. Vol. 1.2d 
ed B.S. Luh, ed. Van Nostrand Reinhold Co., New 
York. 

Chang T T. Vaughan 1) A (1991) Conservation and 
potenti'ls of rice genetic resources. Pages 531-552 in 
Biotechnology in agriculture and forestry. Vol. 14. 
Y.P.S. Bajaj, ed. Springer-Verlag, New York.
 

Juliano B 0, Perez C M, Chang T T (1991) 
 See Plant 
Breeding, Genetics, and Biochemistry. 

Ng N Q. Chang T T, Vaughan D A. Zuno-Altoveros C 
(1991) African rice diversity: conservation and 
prospects for crop improvement. Pages 213-227 in 
Crop genctic resources ofAfrica. Vol. 11.N.Q. Ng etal, 
eds. IITA-IBPGR-UNEP-CNR. Trinity Press, UK. 

Vatnghan 1) A 11991) Choosing rice germplasm for 
evaluation Eutphytica 54:147-154. 

Vaughan D A, Sitch LA (1991) Gene flow from thejungle 
to fanners: wild-rice genetic resources and their uses. 
BioScience 41:22-28. 

Information Center 
A list of Japanese rice literature (quarterly).
 
IRRI Library manual.
 
Library list of reccot accessions (January-December 1991)
 

(12 issues). 
Theses and dissertations on rice available in the Library of 

the International Rice RLsearch Institute. 

Asian Rice Farming Systems Network 
Ahmed N U,Prime G M, Carangal V R(199 i ) Potential of 

pigeonpea after rainfed lowland rice. Rice Fanning
Syst. Tech. Exc -3):6-8. 

Carangal V R (1-. Sustainable intensification of 
smallholder animal production in rice-based fanning 

systems. Proceedings: Sustainable Intensification ofSmallholder Agricultural Production in Developing 
Countries: The Role of Animal. April 8-12, 19011. 

Elahi Nur-E, Fuoc R E. Carangal V R, Parder W D (1991) 
Intercropping sesbania green manure with mungbean 
at different row ratios Lnder rainfed condition. Rice 
Fanning Syst. Tech. Exch. 1(3):5-6. 
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GodilanoEC, Carangal V R (1991) Geographic information 
systems: a tool in FSR/E technology extrapolation. 
Rice Farming Syst. Tech. Exch. 1(3):14-17. 

Morales A C, Pargas A A, Carangal V R (199 1)Phenotypic 
stability forgrain yield in mungbean IVigna radiata (L) 
Wilczek]. Food Legumes Coarse Grain Newsi. 16: 
12-13. 

SEMINARS 

Special seminars 
Rice research at CIAT: progress in hoja blanca virus, rice 

blast, and upland rice cropping systems. Dr. Z.R. 
Zeigler, rice progrnm leader, Internatio,.al Center for 

Tropical Agriculture, Cali, Colombia. 
The vegetable gene bank of lorticulture Research 

International. Dr. D. Astley, officer-in-charge, Institute 
of Horticultural Research, Wellesbourne, UK. 

e importance of plant genetic resources and plant 

breeding research for crop improvement. Dr. M.T. 
Jackson, lecturer, School of Biological Sciences, 
University of Birmingham, Birmingham, UK. 

Building research networks: experience of ICARDA and 

IDRC. Dr. G. Hawtin, director of agriculture, Food and 
Nutrition Sciences, International Development 

Research Centre (IDRC), Oltawa, Canada. 
Origin and exploitation of cowpea and rice in African 

agriculture. Dr.Nyat-QuatNg, head,GeneticsResource 
Unit, International Institute of Tropical Agriculture, 
Ibadan, Nigeria. 

Growth, photosynthesis, and nutrition of rice during 
complete and partial submergence. Dr. T. Setter, senior 

lecturer, School of Agriculture, The University of 
Western Australia, Nedlands, Western Australia. 

Relationshipofbiomass producticnand water use efficiency 
to gas exchan., rates and efficiency. Dr. S. Peng, 
postdoctoral associate, Citrus Research and Education 
Center, Institute of Food and Agricultur,! Sciences 
(IFAS), University of Florida, USA. 

Photosynthesis, aspects of regulation by nutrition, water 
and genotype and role in crop production. Dr. D.W. 
Lawlor, principal scientific officer, Rothainsted 
Experimental Station, Harpenden, Herts. England. 

Climate change and rice: CO. and temperature. Dr. J.T. 
Baker, assistant re,,earchscientist, IFAS, University of 

Florida, USA. 
IRRI: challenges "or !991. Dr. K.J. Lampe. 
Indian experience in irrigation water management with 

special references to situationa! compatibility. Dr. B. 
Sahni. professor and head, Irrigation Enginecring, Water 
and Land Management Institute, Aurangabad, India. 

Research to sosiain increases in productivity undervariable 
environments. Dr. K. Fischer, deputy dire,tor general 
for research, International Institute of Tropical 
Agriculture, Ibadan, Nigeria. 

Some watermanagement aspectsofsulfate soils in Mekong 
Delta, Vietnam. Dr. To Ph11c Tuong, chairman, 
Department of Water Management, University of 
Agriculture and Forestry, Ho Chi Minh, SR Vietnam. 

Implementing IRRI's personnel policy-guiding 
)rinciples, status and outlook for 1991. Dr. K. Lampe. 

Irrigation and production of rice inAbu Raya, Kater El-
Sheikh. Dr. R.L. Tinsley, professor of agronomy, 
Colorado State University, Fort Collins. Colorado, 
USA. 

Tsukuba RFLP Project: pa:;t and future. Dr. A. Saito, 

National Institute of Agrobiological Resources, 
Tsukuba, lbaraki, Japan. 

Endophytic fungi, their properties and potential for 

increasing crop production. Dr. G. Latch, plant 
pthologist, New Zealand Department of Scientific 
and Industrial Research, New Zealand. 

The rroduction to consumption systems approach to 

agricultural commodities development; the vegetable 
oil/protein sub-sectorin Kenya. C. Zulberti, consultant, 
The Vegetable Oil/Protein Sub-Sectorin Kenya, IDRC, 
Canada. 

Strengtlening national agricultural research systems 
through training: the lCRAFappro:cl. Ms. E.Zulberti, 
International Council fcr Research in Agroforestry, 
Nairobi, Kenya. 

Shrub legumes for fodder on acid infertile soils of the 
humid tropics. Dr. B. Palmcr, Division of Tropical 
Crops and Pastures, Commonwealth Scientific and 
Industrial Research Organization (CSIRO), Australia. 

Contribution of plant physiology to crop improvement: 
retrospect and propects. Dr. M.M. Ludlow, chief 
research scientist/program manager, Crop Improvement 
and Management, CSIRO, Australia. 

The status of weed management in three types of rice 
culture. Dr. A.N. Rao, project officer, Andhra Pradesh 
State Council of Science and Technology, Hyderabad, 
India. 

Matrix management for rice research design and 
implementation. Dr. H.G. Zandstra. 

New technology ofmonoclonal antibody hybridomas. Dr. 
J.E. Liddell. training officer, Monoclonal Antibody 
Unit, University of Wales, College of Cardill, Wales, 
UK. 

Research or extension?: on-farm experimentation in the 
Central Plateau of Burundi. Dr. M.M. Gaudreau, 
consultant, St. Paul, Minnesota, USA. 

Starting from scratch: developing aresearcher-extension
farmer interface for food crop research across diverse 
ecologies in Cameroon's rain forest. Dr. S.W. Almy, 
Food & Resource Economics Department, IFAS, 
University of Florida, USA. 

Applications of near infrared technology in agriculture. P. 
Williams, laboratory consultant. 
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Divergent selection of maize population for adaptation to 
alternative cropping systems. Dr. T.C. Barker, 
Department of Plant Breeding, Cornell University, 
USA. 

One out of the other three reflections from Cambodia. Dr. 
R.C.Chaudhary, plant breeder, Cambodia-iRRI Project. 

Write it right-with your secret editor (an analysis of a 
computerized editorial program). Ms. C. Dedolph, 
Univers;ty of Wisconsin-Madison. 

Ecological approaches for engineering crops expressing 
B. thuringiensis genes. Dr. F. Gould, professor of 
entomology, North Carolina State University. 

Pest population genetics and implications for res'.stance 
gene deployment. Dr. F. Gould, professor of 
entomology, North Carolina State University. 

Welcome to IRRI. (V~deo presentation) 
Aedesaegyptiblood ledingbehaviorand the transmission 

of Dengue virus in a rice-growing area of southeastern 
Thailand. Dr. T.W. Scott, Department of Entomology, 
Universityof Maryland, College Park, Maryland, USA. 

The importanceofnmentoring in professional development. 
Dr. J.R. Sedlacek, candidate, training and courseware 
specialist. 

Rice in Eastern, Central, and Southern Africa: the needland 
opportunities for stiengthening rice research in the 
region. Dr. K. Alluri, IRRI liaison scientist and INGER 
regional coordinator for Africa. 

Indonesia and Camhodia: similarities and contrasts in 
plant nutrition, research, and extension. Dr. R.Chisholm, 
soil scientist. 

Genderanalysis:strengtheningWinrockprojects.Produced 
by the Development Studie,: Center of Winrock 
International Institute for Agricultural Development. 

Private research and public benefit: a case study of pearl 
millet and sorghum hybrids in India. Dr. C. Pray, 
professor, Rutgers University, New Jersey, USA. 

An anthropologist's view of rice. Dr. H.C. Conklin, 
professorof anthi pology, Yale University, NewHaven, 
USA. 

Structure and expression of rice amylase multigene family. 
Dr. Ning Huang, Department of Genetics, University 
of California-Davis, USA. 

Mode 	 of action of lepidopteran-specific Bacillus 
thuringiensis delta-endotoxins endotoxins. Dr. M.G. 
Wolfersberger, senior research scientist, Department 
of Biology, Temple University, Pennsylvania, USA. 

The molecular biology and manipulation of nitrogen 
metabolism in plants. Dr. T. Br~ars, postdoctoral 
associate, Laboratory of Plant Molecular Biology, The 
Rockefeller University, 1230 York Avenue, New York, 
USA. 

Phosphorus in rainfed agriculture. Dr. K. Harmsen, director, 
Institute for Soil Fertility Research, Haren, The 
Netherlands. 

Progress towards improving frost tolerance in plants with 
antifreeze proteingene. Dr.M. Saleem, plant molecular 
geneticist, Plant Biotechnology Institute, National 
Research Council of Canada, 110 Gymnasium Place, 
Saskatoon, Canada. 

The CIAT Rice Program: research organization and 
progress in rice blast. Dr. R.S. Zeigler, rice program 
leader, Centro Internacional de Agricultura Tropical, 
Colombia. 

Global warming: methane emission from wetland rice. 
IRRI-EPA Methane Project Team. 

Soi' microbial biomass in temperate arable cropping 
systems. Dr. K. Ritz, senior scientific officer, Soil-
Plant Dynamics Group, Cellular and Environmental 
Physiology Department, Scottish Crop Research 
Institute, UK. 

Enhancement of insect resistance in rice: gene mapping 
and transgenic approaches. Dr. J. Bennett, International 
Center for Genetic Engineering and Biotechnology, 
New Delhi. India. 

A multidisciplinary approach to improving nitrogen use 
efficiency in maize. Dr. R.J. Eaglesham, adviser/ 
consultant, Metapontum, Agrodios Metapon'i, Italy. 

Agroecosystem, sustainability, and participatory rapid 
appraisal. Dr. G. Conway, country representative, Ford 
Foundation, New Delhi, India. 

Upland-lowland interactions and relationship between 
sustainability and poverty. Dr. P.L. Pingali. 

D~ynamics of nicrobiological processes in soil: from a 
micro-site to a soil-crop system. Dr. M. Saito, senior 
researcher, Department of Yamase Area Agro-
Environment, Tohaku National Agricultural 
Experiment Station, Morioka, Japan. 

Cultivation of direct-seeded flooded rice in the Krasnodar 
Region, USSR.Dr.A.Dobermann, UniversitatLeipzig, 
lnstitut furTropischeLandwirtschaf, WBBodenkunde 
& Dungung, F. R. Germany. 

A new world for IRRI: new challenges, new partners. 
Ambassador R.O. Blake, chairman, Committee on 
Agricultural Sustainability for Developing Countries, 
1709 New York Avenue, NW, Washington, D.C., 
USA. 

The resource-poor producer: should our approach have a 
technological orsocio-political focus? Dr. N.P. Magor, 
cropping systems agronomist, Banglaaesh-IRRI 
Project. 

Breedingandcropmodeling.Prof.L.A. Hunt, Department 
ofCrop Science, Onta-io Agricultural College, Guelph, 
Ontar :- Canada. 

Thursday seminars 
The International Rice Genealogical Data Base: how it 

evolved, and what it can do foryou. Dr. T.R. Hargrove 
and Ms.V. L. Cabanilla. 
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RICECOM: operationalizing IRRI's support to the 
Philippine rice program. Dr. F.O. Carifio, IRRI 
communication liaison officer for the Philippines. 

Growth, photosynthesis. and nutrition of rice during 
complete and partial submergence. Dr. T. Setter, The 
University ofWestern Australia. School of Agriculture, 
Nedlands, Western Australia. 

Relationshipofbioniass production and water use efficiency 
to gas exchange rates and efficiency. Dr. Shaobing 
Peng, postdoctoral associate, Citrus Research and 
Education Center, Institute of Food and Agricultural 
Sciences, University of Florida. 

Photosynthesis, aspects of regulation by nutrition, water 
and genotype -,nd role in crop production. Dr. D.W. 
Lawlor, principal scientific officer, Rotharusted 
Experimental Station, Harpenden. Herts. England. 

Climate change and rice: CO,and temperature. Dr. J.T. 
Baker, assistant research scientist. Institute of Food 
and Agricultural Sc;cnces. University of Florida. 

IRRI: th hallernges for 1991l.Dr. K.J. Larupe. 
Seeds of hope. (video) 
Use and mnisuse of mean comparison. Dr. V.A. 

Saniaranayakc, associate professor. Department of 
Mathematics and Statislics, University of Missouri, 
Rolla, USA. 

Biofertilizer g,,rnplasm collections in Soil Microbiology 
Division. Dr. I. Watanabe, soil microbiologist and 
head; and Dr. P.A. Roger, visiting scientist. Soil 
Microbiology Division. 

Determinants of rice price protection. Dr. C.C. David. 
Travel. Ms. J.G. de Villa, author of Luzon b car and 

Philippine vacations. 
Evaluation ofthe health effects of pesticide use among rice 

farmers. Dr. C.B. Marquez and Dr. P.L. Pingali. 
Effects of pesticides on soil and water ricrotlora and 

fauna in wetland riceficds. Dr. P.A. Roger, visiting 
scientist, Soil Microbiology Division. 

Modeling in the analysis of pest management strategies. 
Dr. K.L. Heong. 

Progress of research in Madagascar: toward identifying 
75 low input technological improvements by 1995. 
Dr. J.R. Hoopper I1l. agronomist. Madagascar-IRRI 
Project. 

Policy reforms and rice research priorities in Vietnam. 
Dr. P.L. Pingali. 

Traditional rainfed lowland rice varieties and farmiers' 
decision-making in varietal preference in Cambodia. 
Dr. R.P. Lando, technology transfer specialist, 
Cambodia-IRP I Project. 

Word lforword: perfect! Tricks with WordS. Mr. F.Hilario, 
free-lance word processing specialist. 

Reducing N fertilizer losses: what are the potential 
economic benefits? Dr. 1,1..Buresh, visiting scientist, 
Agronomy, Plant Physiology, and Agroecology 
Division: and Dr C.A. Banaante, economist. 

International Fertilizer Development Center, Alabama, 
USA. 

Phosphoruschemistry and fertility in relation tophosphorus 
sources in acid soils in South and Southeast Asia. Dr. 
S.K. Sanyal, visiting scientist, Agronomy, Plant 
Physiology, and Agroecology Division. 

Stern nodule-Rhizobium symbiosis: asystem with several 
unusual features. Dr. J.K. Ladha. 

Farners' azolla management and determinants of its use in 
Philippine rice production. Mr. A. Mandac, Mr. V. 
Marciano, Mr. W. Ventura, Dr. J.C. Flinn, and Dr. I. 
Watanabe. 

Strategic agronomic research for modern rice technology. 
Dr. S.K. De Datta. 

Ccteals on the slopes: the crop ecological implications of 
contour hedgerow technologies. Dr. D.P. Garrity. 

Hilly land sustainable agriculture. Dr. F.Gorrez, Toledo 
Agricultural and Marketing Project, Belize. 

Isolation, characterization, and assay of Bacillus 
thuringien;isfor use against rI:e insect pests. Di. W. 
Theunis, postdoctoral scientist, Entomology Division. 

Techniques forevaluating insect resistance in crop plants. 
Dr. Z.R. Khan. 

Highlights of!he RockefellerRice Biotechnology Network. 
Dr. G.H. Toenniessen, associate director, The 
Rockefeller Foundation, New York, USA. 

Insect population genetics: implications forplant resistance. 
Dr. G.G.Ruerick, assistant professor, Department of 
Entomology, University of Maryland, College Park, 
USA. 

Two ears of corn: a review oftkz economic consequences 
of agricultural research. Dr. R.E. Evenson, visiting 
scientist, Social Sciences Division. 

Prospects of biological weed control in Southeast Asia. 
Dr. A. Watson, visiting scientist, Plant Pathology 
Division. 

Assessment of training needs of crop management 
researchers in developing countries. Dr. R. Raab, 
ISNAR, The Ha!,ue. The Netherlands. 

Soil solution in actities and zinc, iron, and manganese 
transformation insubmerged soils. Dr. G. Amedee, 
visiting scientist, Soil and Water Sciences Division. 

Weed management for rice in Latin America: herbicide 
resistance, competition, and approach to predicting 
yield losses from multispecies interference. Dr. A. 
Fischer, Centro Internacional de Agricuiltura Tropical, 
Cali, Colombia. 

Intercropped green manuring for rainfed Iwland rice. 
Dr. T.N. Chaudlary, research fellow, Agricultural 
Engineering Division. 

Needs and constraints in the development and implication 
of Integrated Pest Management,n Sub-Saharan Africa. 
Dr. A. van Huis, tropical entomologist, Wageningen 
Agricultural University, The Netherlands. 
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Diversity and developmental biology of riceh:nd spiders. 
Mr. A.T. Barrion. 

Durable resistance to rice blast: influence of environment. 
Dr. J.M. Bonman. 

Rice ecosystem analysis for Cambodia. Dr. i-C. Bruce, 
consultant, Cambodia-IRRI Project. 

Engineered pest control: rodents, snails, and safer pe:;ticide 
application. Dr. N.K. Awadliwal and Dr. G.R. Quick. 

Application of remote sensing and geographic information 
systems for ecosystems planning and management. 
Mr. E.C. Godilano. 

The 1PM Program in Indonesian rice. Dr. IN.Oka, principal 
scientist, Bogor Research Institute for Food Crops,
Bogor, Indonesia. 

Insect pest monitoring and control practices ofrice farmers 
from severalareasin Luzon. Dr. L.R.I.Velasco, assistant 
professor, Department of Entomology, Univesity of 
tie Philippines at Los Bahios. 

Sustainabilityandsoilquality:Whatdoweknow aboutthe 
irrigated rice ecosystem? Dr. K. J. Cassman. 

Micro and meso level applications of geographic 
information systems (GIS) among slash-and-burn 
,swidden) horticulturalists or, just what is an 
archaeologist doing at IRRI? Dr. E.D. Hunt, visiting 
GIS specialist, Agronomy, Plant Physiology, and 
Agroecology Division. 

Upland-lowland interactions and the relationship between 
sustainability and poverty. Dr. P.L. Pingali. 

Current rice situation in Japan: production, consumption,
and policies. Dr S. Ito, associate professor, Faculty of 
Agriculture, Totiori University, Japan. 

Moving biotechnology from the laboratory to the field: 
issues and considerations. Dr. R.J. Cook, research 
leader, Root Disease and Biological Control Research 
Unit. USDA-Agricultural Research Service, USA. 

Division seminars 
Agronomy, Plant Phvsiology, and Agroecolo', 
Intercropping of upland rice with forage legumes in a low 

input system. Mr. R.D. Magbanua. 
Service and research activities of the Agroclimatic Unit. 

Ms. 1.G. Centeno. 
Crop intensification and its effects and weeds and crop 

yields in Claveria. Misamis Oriental. Mr. E.M. Castin, 
Mr. P.C. Elliot, Mr. H. Franje, and Dr. K. Moody. 

Performanceof three soybeancultivarsgrown underfurrow 
irrigation. Ms. J. Alagos. 

Root dynamics of wet-seeded and transplanted rice as 
characterized by the mini-rhizotron technique. Ms. 
F.D. Bueno, Dr. K.T. Ingram, and Dr. C.A. Beyrouty. 

Lock-lodging technology for a successful ratoan rice 
cropping. Mr. A.N. Calcndacion, Dr. D.P. Garrity, and 
Dr. K.T. Ingram. 

Applications of GIS in agroecology research. Mr. A. 
Blanco and Dr. D.P. Garrity. 

Weed problems in rice and research needs in the IRRI-
Bhutan rice farming systems research. Mr. D.C. Navarez 
and Dr. K. Mood). 

Agronomic and physiological responses of upland rice to 
different levels of soil waterdeficit. Ms. O.S. Namuco, 
Mr. J.A. Malabuyoc, Dr. K.T. Ingram, and Dr. S.K. De 
Datta. 

Evapotranspiration and yield of wetland rice under non
submerged condition. Mr. C.A. Redulla and Dr. S.K. 
De Datta. 

Grain yield as a function of rainfall, soil moisture, and 
solar radiation in upland rice. Mr. J.A. Malabuyoc and 
Dr. S.K. De Datta. 

Quantification of crop-weed interactions and weed 
management. Dr. M.J. Kropff. 

Simulationof upland riceyields in response tosoil moisture. 
Ms. E.B. Yambao, Dr. K.T. Ingram, Mr. J.A. 
Malabuyoc, and Dr. S.K. De Datta. 

High temperature effects on crop and grain growth of four 
rice cultivars. Dr. A.E. Egeh, consultant; and Dr. K.T. 
Ingram, agronomist and deputy division head. 

Collaborative Vietnam/IRRI/IFDC research on integrated 
nutrient management. Dr. T.T. Son, nondegree research 
scholar; Mr. N.N. Hung, nondegree research scholar; 
and Dr. R.J. Buresh, visiting scientist. 

Entomology 
Screening for BPH resistance and the Division centralized 

insect rearing and collection. Mr. F.Medrano. 
Integration of farming system to IPM development. Mr.J. 

Bandong.
 
Sources of information in entomology. Ms. M. Austria.
 
Genetic variation in populations of the yellow sten borers
 

Scirpolhaga incertu/as (Walker) on hybrids of Orvza 
sativa and Orvza brachyantha cross. N. van Huynh, 
Ph D scholar. 

Application ofGeographic Information Systems (GIS) on
 
pest surveillance-a case study in Korea. Dr. Y. Song,
 
research fellow I.
 

Effect of single and multiple pests and stresses on yield 
loss of transplanted rice. Mr. B. Canapi. 

Plant Breeding, Genetics, and Biochemistr) ,
Anther and isolate microscope culture studies in rice-a 

progress report. Dr. A.L. Carpena, postdoctoral fellow. 
Cytoplasmic and nuclear genome differentiation in rice 

:pecies. Dr. T. Ishii, research fellow. 
Overview of rice research and production in Egypt. 

Dr. M.S. Balal, director, Rice Research and 
Development Program, Agricultural Research Center, 
Giza, Egypt. 
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Analysis of international nurseries and implications to 
breeding programs - a study of wheat nurseries, 
Prof. D. Byth, chairman, Sugar Research and 
Development Corporation, Australia. 

PlantPathology 
On IPM and sustainable agriculture. Dr. P.S. Teng. 
Interest of categorized information on crop loss studies. 

Dr. S. Savary. 
New technology of monoclonal antibody hybridomas. 

Dr.J.Eryl Liddel, training officer, Monoclonal Antibody 
Unit, University of Wales, College of Cardiff, Wales. 

Epidemiology of bacterial blight of rice using monoclonal 
antibodies. Ms. P. Roberts, scholar. 

Nematode problems in rice ecosystems prospective. 
Dr. J. C. Prot. 

Rice virus disease problem in Madagascar. Mr. P.Q. 
Cabauatan. 

Partial resistance to rice blast. Dr. E. Roumen, collaborative 
research fellow. 

Genetics of the rice blast fungus: from laboratory to the 
field. Dr. H. Leung. 

Rice diseases in DPR Korea and Iran. Dr. T.W. Mew. 
On-farm pest survey. Mr. F.A. Elazegui. 
Moving biotechnology from lab to the field: issues and 

considerations. Dr. R.J. Cook, research leader, USDA/ 
ARS, Department of Plant Pathology, Washington 
State University. 

Soil Microbiology 
Prediction of mechanism of soil N supply to irrigated and 

rainfed lowland rice. Ms. G.B. Mascarijia. 

Exploration and evaluation of aquatic legumes as green 
manure for lowland rice. Ms. D. de Castro. 

StandardizationofNO 3analysismethod. Ms.C. Ramirez. 
Taxonomic characterization of Sesbania and 

Aeschynomene Rhizobia. Mr. R. So. 
Azolla collections-shoot tip culture. Ms. T. Ventura and 

Mr. B.C. Padre. 
IRRI-NifTAL collaborative project: conservation and use 

of soil and atmospheric N in lowland rice-based cropping 
systems. Ms. G. Punzalan. 

Occurrence and activity of carbonic anhydrase in ricefield 
floodwater. Ms. Ma. L. Daroy. 

Microbial biomass analysis/CHN analyzer. Ms. R. Jimenez. 
Varietal screening forN uptakeand N utilizationefficiency. 

Ms. A. Padre and Mr. B. Pacia. 
Performance of aquatic legumes on different soils. Dr. B. 

Kranz, affiliate research scholar, University of 
Hohenheim, Germany. 

IRRI-NitTAL-IFDC collaborative research: a progress 
report. Dr. T. George, collaborative research fellow, 
NifTAL, University of Hawaii, USA. 

Availability of nitrogen in some wetland rice soils: a 
progress report. Dr. l.J. Manguiat, research fellow III. 

Soil and Water Sciences 
Field variations of soil and the growth of direct-seeded 

flooded rice. Dr.A. Dobermann, collaborative research 
scientist. 
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Staff changes
 

JanuarY 
Dr. Vethaiya Balasubramanian, former maize agronomist 

and coordinator, IITA/Cameroon, was appointed as 
soil scientist, Madagascar-IRRI Rice Research Project. 

Dr. Serge Savary, senior scientist, ORSTOM, France, 
joined the Plant Pathology Division as visiting scientist. 

Dr. Moo Sang Lim, scientist, Rural Development 
Administration, Korea, joined the Plant Breeding, 
Genetics, and Biochemistry Division as visiting 
scientist. 

Dr. David R. Bouldin, professor of Soil Science, Cornell 
University, USA, joined the Soil and Water Sciences 
Division as visiting scientist. 

Mr. D. Subramaniam, chief engineer, ICRISAT, India, 
joinedthe DirectorGeneral's Office as visiting scientist. 

Mr. John M. Dowling, rejoined IRRI as consultant, Office 
of the Deputy Director General for Finance and 
Administration. 

Februari 
Dr. Walter Roder, former research agronomist, Swiss 

Association for Development and Cooperation, Bhutan, 
was appointed as agronomist, LAO-IRRI Project. 

Atty. Zosimo Q. Pizarro, manager, Legal Office, retired, 
Dr. Evangelyn C. Alocilja, visiting assistant professor, 

Michigan State University, USA, joined the Plant 
Pathology Division as consultant. 

Dr. Romeo Bruce, rejoined IRRI as consultant, Agronomy, 
Plant Physiology, and Agroecology (APPA) Division. 

March 
Dr. Kenneth G. Cassman, former assistant professor, 

Department of Agronomy and Range Science, 
University of California at Davis, USA, was appointed 
as head, APPA Division. 

Dr. Stephen J. Banta, editor, Communication and 
Publications Services, resigned. 

Dr. 'wao Watanabe, soil microbiologist and head, Soil 
Microbiology Division, resigned. 

Dr. Mubarik Ali, agricultural economist, ACSCA Project, 
Islamabad, Pakistan,joined the Social Sciences Division 
as visiting scientist. 

Dr. Keijiro Otsuka, rejoined IRRI as consultant, Social 
Scitnces Division. 

April 
Dr. Tomas Masajo, former plant breeder, Rice Research 

Program, IITA, lbadan, Nigeria, was appointed as 
plant brecder, Madagascar-IRRIRiceResearchProject. 

Dr. Hubert G. Zandstra, deputy directorgeneral forresearch 
programs, resigned. 

Dr. Philip Williams, Canadian Grain Commission, Grains 
Research Laboratories, Winnipeg, Manitoba, Canada, 
rejoined IRRI as consultant, Office of the Deputy 
Director General for Research Programs. 

May 

Dr. Richard L. Tinsley, former professor of agronomy, 
Colorado State University, USA, was appointed as 
agronomist and team leader, Egypt-IRRI Rice Research 
Project. 

Mr. William H. Smith, editor, Communication and 
Publications Services, resigned. 

Dr. James R. Hoopper III, agronomist, Madagascar-IRRI 
Rice Research Project, left after completing his 
assignment. 

Dr. H. David Catling, rejoined IRRI as consultant, IRRI-
Thailand Office. 

Dr. David R. Bouldin, visiting scientist, Soil and Water 
Sciences Division, left aftercompleting his assignment. 

Dr. Philip Williams, consultant, Office of the Deputy 
Director General for Research, left aftercompleting his 
assignment. 

Dr. Laurian Unnevehr, rejoined IRRI as consultant, Social 
Sciences Division. 

June 
Dr. To Phuc Tuong, former chairman, Department of 

Water Management, University of Agriculture and 
Forestry, Ho Chi Minh City, Vietnam, was appointed 
as water management engineer, Soil and Water Sciences 
Division. 

Dr. David J. Mackill, plant breeder, Plant Breeding, 
Genetics, and Biochemistry Division, resigned. 
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Dr. Zcyaur R. Khan, associate entomologist, Entomology 
Division, left after completing his assignment. 

Dr. A. P. K. Reddy, plant pathologist, Egypt-IRRI Rice 
Research Project, left after completing his assignment. 

Dr. H. David Catling, consultant, IRRI-Thailand Office, 
left after completing his assignment. 

Dr. Laurian Unnevehr, consultant, Social Sciences 
Division, left after completing her assignment. 

Dr. Derk HilleRisLambers, plant breeder, transferred from 
Plant Breeding, Genetics, and Biochemistry Division 
to Egypt-IRRI Rice Research Project. 

Jil' 
Dr. Michael T. Jackson, former lecturer, School of 

Biological Sciences, University of Birmingham, UK, 
was appointed as head of the Genetic Resources Center. 

Dr. Adusumilli Narayana Rao, formerassociate professor, 
Andhra Pradesh Agricultural University, India, was 
appointed as agronomist (weed scientist) in the Egypt-
IRRI Rice Research Project. 

Dr. Ramesh C. Saxena, entomologist, Entomology 
Division, left after completing his assignment. 

Dr. Richard P. Lando, technology transfer specialist, Egypt-
IRRI Rice Research Project, left after completing his 
assignment. 

Mr. Timothy L. Bertotti. director for administration, left 
after completing his assignment. 

Mr. James J. Mullaney, international human resource 
consultantjoined a. consultant and acting director for 
administration, Director General's Office. 

Dr. Alan K. Watson, professor, Department of Plant 
Science, McGill University, Canada, joined the Plant 
Pathology Division as visiting scientist, 

Ms. DecAnna Adkins, from Extension and Agricultural 
Information, University of Missouri-Columbia, USA, 
joined the Communication and Publications Services 
as editorial associate. 

Dr. Robert Evenson, from Yale University, joined as 
visiting scientist, IRGC and INGER Program. 

Dr. Douglas Gollin, from University of Minnesota.joined 
as assistant visiting scientist, IRGC and INGER 
Program. 

Dr. Evangelyn C. Alocilja, consultant, transferred from 
Plant Pathology Division to APPA Division. 

August 
Dr. Ellis L. Matheny Jr., lormervisiting scientist, Training 

Center, was appointed as head of the Training Center. 
Dr. Kenneth S. Fischer, former deputy director general for 

research, IITA, Nigeria, was appointed as deputy 
director general for research programs, Director 
General's Office. 

Dr. Surapong Sarkarung, former plant breeder, CIAT, 
Cali, Colombia, was appointed as plant breeder, Plant 
Breeding. Genetics, and Biochemistry Division. 
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Dr. Susan W. Almy, from the Food and Resource 
Economics Department, IFAS, University of Florida, 
USA, was appointed as agro-economist, Madagascar-
IRRI Project. 

Dr. Martha M. Gaudreau, former consultant, INADES-
Burundi for UNIFEM, New York, was appointed as 
cropping systems agronomist, Madagascar-IRRI 
Project. 

Dr. Timothy L. Setter, former senior lecturer, Tropical 
Crops Research Group, The University of Western 
Australia, was appointed as plant physiologist, APPA 
Division. 

Ms. Carolyn C. Dedolph, freelance editor/writer from 
Stratford, Wisconsin, USA, was appointed as science 
editor/writer, CPS. 

Mr.Jeffrey J. Hastings, former research scientist, University 
of Queensland, Gatton College, Australia, was 
appointed as project leader, Engineering Component, 
ADB Project TA5349. 

Dr. Dan R. Minnick, training specialist and head, Training 
Center, resigned. 

Dr. Robert Evenson, visiting scientist, IRGC and INGER, 
left after completing his assignment. 

Dr. Douglas Gollin, assistant visiting scientist, IRGC and 
INGER Program, left after completing his assignment. 

Mr. D. Subramaniam,visiting scientist, DirectorGeneral's 
Office, left after completing his assignment. 

Dr. Romeo Bruce, consultant, APPA Division, left after 
completing his assignment. 

Dr. Pierce H. Jones, associate professor, Agricultural 
Engineering Division, University of Florida, USA, 
joined the APPA Division as consultant and left the 
same month after completing his assignment. 

September 
Dr. John M. Bonman, plant pathologist. Plant Pathology 

Division, resigned. 
Dr. John C. Flinn, principal scientist, Social Sciences 

Divisiou, died. 
Ms. Leslie Rose, joined the Communication and 

Publications Services as consultant. 
Dr. Eleazer D. Hunt, acting assistant professor, Department 

of Anthropology, University of Washington, USA, 
joined the APPA Division as visiting scientist. 

Dr. V. Samaranayake, visiting scientist, Project
Management Services and Biometrics, left after 
completing his assignment. 

Dr. Gaston Amedee, visiting scientist, Soil and Water 
Sciences Division, left after completing his assignment. 

Dr. Keijiro Otsuka, consultant, Social Sciences Division, 
left after completing his assignment. 



October 
Dr. Robert T. Raab, former research associate, Training 

Materials Development, ISNAR, The Hague, The 
Netherlands, was appointedastrainingand courseware 
specialist, Training Center. 

Dr. Shaobing Peng, postdoctoral associate, University of 
Florida, USA, joined the APPA Division as visiting 
scientist. 

November 
Mr. John Dowling, consultant, Office of the Deputy 

Director General for Finance and Administration, left 
after completing his assignment. 

December 
Mr. Noel P. Magor, agronomist cropping systems, 

Bangladesh-IRRI Project, left after completing his 
assignment. 

Dr. Thomas R. Hargrove, editor and head, Communication 
and Publications Services, resigned. 

Dr. Muhammad Akbar, plant breeder, Network 
Coordination, left after completing his assignment. 

Dr. Te-Tzu Chang, principal geneticist and head, 
International Rice Gernplasm Center, retired. 

Ms. Leslie Rose, consultant, Communication and 
Publications Services, was appointed associate video 
producer (visiting scientist), Communication and 
Publications Services. 

Dr. Wesley Buchele, professor emeritus, Iowa State 
University, USA, joined the Agricultural Engineering 
Division as visiting scientist. 

Dr. Robert and Mrs. Eleanor Huke, rejoined the Social 
Sciences Division as visiting scientists. 

Dr. Abdullahi 0. Egeh, postdoctoral fellow, APPA 
Division, was appointedasconsultant, APPA Division. 

Dr. H. i1. van Laar, from the Wageningen Agricultural 
University, joined the APPA Division as consultant. 

Dr. Robert Bos, scientist, Community Water Supply and 
Sanitation Unit, and secretary, WHO, Geneva, 
Switzerland, joined the Entomology Division as 
consultant. 

Dr. Jit Bhuktan, consultant, IPMO, left after completing 
his assignment.Dr. Evangelyn C. Alocilja, consultant, APPA Division, 
left after completing hei assignment. 

Ms. Gina Ordoiiez, consultant, Training Center, left after 
completing her assignment. 

Dr. Pierce H. Jones, consultant, APPA Division, rejoined 
IRRI and left the same month after completing his 
assignment. 

Dr. BenitoS. Vergara, plant physiologist andacting division 
head, APPA Division, became Director for 
Administration. 
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Finances
 

Summary of financial support to IRRI core and complementary (special) projects committed for 1991. 

Amount (US$) 

Source Core Complementary 

Unrestricted Restricted, 
(special) 
projects 

Total 

Japan 7,281,882 78,400 7,360,282 
United States Agency for International 5,400,000 26,737 2,615,443 8,042,180 

Development 
United States Environmental Protection Agency 933,642 933,642 
International Bank for Reconstruction and 2,887,000 2,887,000 

Development 
European Economic Community 2,313,265 2,313,265 
Canadian International Development Agency 
Australia 

1,576,942 
665,890 41,861 

173,882 
904,529 

1,750,824 
1,612,280 

United Nations Development Programme 1,910,634 1,910,634 
Overseas Development Administration - 1,555,016 152,723 1,707,739 

United Kingdom 
The Swiss Development Cooperation 
Federal Republic of Germany 710,430 

22,417 582,690 
6,793,015 

605,107 
7,503,445 

The Rockefeller Foundation 340,483 402,023 742,506 
The Netherlands 339,775 193,299 533,074 
Franceb 255,931 255,931 
Swedish Agency for Research Cooperation 805,143 805,143 
Asian Development Bank 258,059 1,500,840 1,758,899 
Danish International Development Agency 573,466 58,200 631,666 
Finland 555,546 555,546 
Belgium 150,376 166,242 120,315 436,933 
The Ford Foundation 150,000 262,000 163,000 575,000 
International Development Research Centre  613,422 613,422 

Canada 
Italy 80,199 200,000 280,199 
Philippines 
Norway 

103,339 
121,960 

32,356 135,695 
121,960 

India 100,000 100,OGO 
China 
Food and Agriculture Organization - UN 

50,000 
59,399 

50,000 
59,399 

Spain 30,000 ":U,000 
Republic of Korea 200,000 30,000 117,839 347,839 
Others 32,490 32,490 

Total 18,028,572 11,136,021 15,527,507 44,692,100 

'Includes essential special projects. bThe Government of France (through the research organizations ORSTOM and IRAT) also 
provided IRRI the services of four resident scientists; the value of their services cannot be quantified. 
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Weather summary
 

Table 1 summarizes monthly weather data on the 
dryland site, the wetland site, and seven outreach and 
cooperating stations in the Philippines during 1991. 

Annual total rainfall was 1,963 mm for the dr-
land (upland) site and 1,980 mm for the wetland 
(lowland) site. This was 162 mm lower than the long-
term average rainfall at the upland site and 68 mm 
lower than that at the lowland site. The wet season 
(WS) lasted from mid-June until December (Fig. 1). 
The longest wet spell lasted 14 d on the upland farm 
(8-21 August) and 12 d (10-21 August) on the 
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1. Rainfall by 10-d period, IRRI, 1991. 

lowland farm. An unus~aal 9-d dry spell occurred in 
October. During the January to May dry period, 7 
isolated days had more than 10 mm of rain. The 
longest dry spell (28 d) lasted from 22 March to 18 
April. 

Solar radiation peaked at 21 MJ/m2 per d in May, 
then declined below 15 MJ/m 2 per d in December. 
The radiation trend conformed to the past 12-yr 
pattern (Fig. 2). Radiation was extremely low in 
August, coresponding with the high rainfall in that 
month. 

Sunshine averaged 8 h/d from January to June, 
then declined to 4 h/d in December. The sky was 
overcast on 13-21 August. 

The monthly mean temperature peaked at 

34.4 'C in May at the upland farm and at 33.6 'C 
at the lowland site, then gradually decreased to a 
mean monthly low value of 28.6 'C on the upland 
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2. Long-term average and 1991 solar radiation at IRRI. 
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Table 1. Monthly weather data for IRRI outreach and cooperating stations in the Philippines, 1991. 

Site Jan Feb Mar Apr May Jun Jul Aug 

Rainfall (mm/mo)Banaue,Ifugao (16°56'N,121° 0 0'E) 134 214 28 153 166 67 289 483Cavinti, Laguna (14°17'N, 121°30'E) 176 173 177 216 201 500 302 503Claveria, Misamis (08,38'N, 124°55'E) 115 32 88 109 46 97 249 157 
Oriental

Guimba, (15139'N, 120'47'E) 2 0 2 35 62 233 203 355 
Nueva EcijaiRRI, dryland site (14'13'N, 121'15'E) 40 25 73 32 43 198 290 519IRRI, wetland site (.411'N, 12115'E) 47 19 70 28 50 275 324 493PhilRice, Murhoz, (15'45'N, 120'56'E) 1 0 4 24 23 54 238 424 
Nueva EcijaSolana, Cagayan (17'39'N, 121°41'E) 21 16 4 77 18 38 209 416Visayas Experiment (10045'N, 122 035'E) 7 25 39 76 34 319 273 511 
Station, Iloilo 

Sep 

349 
256 
105 

390 

193 
181 
438 

81 
75 

Oct 

278 
202 
332 

167 

82 
65 
98 

336 
136 

Nov 

146 
410 
56 

51 

301 
268 
30 

138 
198 

Annual total 

Dec or daily 

130 2428 
610 3726 

16 1402 

0 1499 

165 1963 
160 1980 

0 1334 

19 1373 
40 1734 

Banaue, Ifugao 
Cavinti, Laguna 
Claveria, Misamis Oriental 
Guimba, Nueva Ecija 
IRRI, dryland site 
IRRI, wetland site 
PhilRice, Muhoz, Nueva Ecija 
Solana, Cagayan 
Visayas Experiment Station, Iloilo 

14.6 
14.9 
16.7 
17.2 
14.8 
14.6 
18.3 
15.9 
16.7 

12.5 
16.6 
19.8 
18.3 
15.2 
15.7 
19.6 
16.6 
18.6 

20.7 
20.0 
20.3 
21.1 
20.1 
20.3 
21.5 
21.0 
19.3 

18.4 
20.8 
21.3 
21.5 
20.2 
21.1 
21.6 
21.0 
20.8 

Solar radiation (MJ/mr per d)18.9 19.3 15.2 16.9 16.2 
21.2 18.0 17.2 12.8 15.7 
19.9 18.9 18.6 19.8 18.7 
21.8 18.9 18.0 13.9 16.8 
20.8 16.3 15.4 11.2 15.6 
21.2 17.4 16.1 11.8 15.7 
21.3 17.9 18.3 16.6 17.4 
21.5 21.0 19.5 20.2 19.2 
19.3 15.6 16.1 13.9 17.5 

16.2 
19.4 
19.2 
19.6 
16.0 
16.1 
17.4 
18.0 
17.5 

13.3 
14.6 
18.3 
19.4 
13.4 
13.2 
16.1 
15.8 
17.0 

14.5 
13.8 
17.8 
18.9 
13.0 
12.2 
18.0 
16.0 
16.1 

16.4 
17.1 
19.1 
18.8 
16.0 
16.3 
18.7 
18.8 
17.4 

Banaue, Ifugao 

Cavinti, Laguna 

Claveria, Misamis Oriental 

Guimba, Nueva Ecija 

Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 

22.6 
15.1 
25.4 
19.4 
27.5 
20.2 
31.8 
20.5 

22.1 
16.0 
26.1 
19.1 
27.4 
20.5 
32.3 
21.3 

25.6 
16.1 
27.2 
19.4 
28.5 
20.2 
32.9 
20.3 

26.0 
17.7 
29.4 
20.7 
29.5 
21.4 
34.4 
22.9 

25.8 
17.0 
30.2 
21.4 
29.6 
22.4 
35.8 
24.9 

Temperature (C)
27.5 26.5 26.7 
18.1 18.2 19.3 
29.7 29.3 27.5 
21.6 20.8 21.0 
29.7 28.5 29.7 
22.7 21.7 22.2 
34.6 31.8 30.7 
24.5 24.1 24.0 

26.3 
17.8 
28.8 
21.0 
29.8 
22.0 
31.3 
20.5 

25.1 
16.6 
28.8 
20.0 
28.9 
21.4 
32.1 
21.4 

23.2 
15.8 
26.2 
20.0 
28.5 
21.2 
32.0 
20.3 

22.2 
14.2 
24.8 
19.5 
28.3 
20.9 
32.2 
20.4 

25.0 
16.8 
27.8 
20.3 
28.8 
21.4 
32.7 
22.1 



Table 1. Continued. 

Annual total 
Site Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec or daily 

average 

IRRI, dryland site 

IRRI, wetland site 

PhilRice, Mun~oz, Nueva Ecija 

Solana, Cagayan 

Visayas Experiment Station, 
Iloilo 

Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Min 

29.9 
22.3 
28.9 
21.9 
29.5 
21.4 
28.7 
20.2 
29.9 
22.9 

29.9 
22.2 
29.2 
22.1 
29.7 
21.8 
29.0 
20.6 
31.1 
23.1 

31.4 
22.1 
30.0 
22.0 
30.3 
20.9 
33.0 
20.5 
31.5 
22.7 

33.5 
23.5 
32.1 
23.7 
32.4 
22.8 
33.7 
23.2 
33.0 
24.1 

34.4 
24.5 
33.6 
24.7 
33.8 
23.7 
35.9 
23.9 
33.0 
24.8 

Temperature rC)33.1 31.9 29.9 
24.9 24.0 24.0 
32.7 31.3 29.8 
25.0 24.3 24.4
33.1 31.3 29.7 
24.2 23.0 23.8 
36.8 34.8 32.8 
24.7 24.4 24.3 
31.9 30.3 29.5 
24.9 24.3 24.1 

31.6 
24.0 
31.3 
24.5 
30.4 
23.7 
32.4 
24.4 
30.1 
24.2 

31.6 
23.0 
30.9 
23.4 
30.5 
22.1 
31.5 
22.8 
30.5 
23.5 

29.4 
22.5 
29.1 
22.6 
30.6 
21.3 
28.4 
21.9 
30.2 
23.1 

28.6 
22.4 
28.1 
22.5 
30.9 
21.0 
27.8 
19.2 
29.7 
22.8 

31.3 
23.3 
30.6 
23.4 
31.0 
22.5 
32.1 
22.5 
30.9 
23.7 

Banaue, Ifugao
Cavinti, Laguna 
Claveria, Misamis Oriental 
Guimba, Nueva Ecija
IRRI, dryland site 
IRRI, wetiand site 
PhilRice, Murioz, Nueva Ecija
Solana, Cagayan 

0.3 
2.3 
0.8 
2.3 
1.7 
1.8 
3.2 
0.5 

0.3 
2.3 
0.9 
2.2 
1.5 
1.7 
2.8 
0.8 

0.5 
2.4 
1.2 
2.0 
1.8 
1.8 
2.3 
0.8 

0.4 
1.9 
1.3 
2.1 
1.5 
1.7 
1.9 
0.9 

0.4 
1.9 
1.2 
1.6 
1.6 
1.7 
2.0 
0.9 

Windspeed ('ms)0.5 0.4 0.3 
1.6 1.7 1.9 
1.1 0.9 0.9 
1.5 m m 
1.9 1.6 1.4 
1.7 1.6 1.3 
2.1 1.7 1.3 
1.1 1.2 0.8 

0.4 
1.8 
1.0 

m 
1.9 
1.7 
1.0 
0.7 

0.5 
1.3 
0.8 

m 
1.4 
1.5 
1.2 
1.1 

0.5 
2.2 
0.7 
1.7 
1.6 
1.6 
1.8 
1.0 

0.5 
3.0 
1.0 
3.0 
1.9 
2.0 
3.7 
0.7 

0.4 
2.0 
1.0 
2.0 
1.6 
1.7 
2.1 
0.9 

CD 
C 
3 
3 

Banaue, Ifugao 
Cavinti,Laguna
Claveria, Misamis Oriental 
Guimba, Nueva Ecija
IRRI, dryland site 
IRRI, wetland site 
PhilRice, Muioz, Nueva Ecija 
Solana,Cagayan 
Visayas Experiment Station, iloilo 

81 
84 

129 
170 
146 
123 
189 
101 
161 

74 
98 

138 
136 
122 
114 
178 
113 
181 

135 
156 
163 
229 
205 
176 
193 
184 
191 

126 
155 
171 
245 
201 
183 
205 
182 
210 

141 
174 
169 
250 
227 
211 
217 
224 
181 

Evaporation (mm/mo)136 133 120 
141 133 103 
156 154 165 
212 135 128 
175 147 101 
168 146 102 
176 160 120 
229 186 156 
162 129 120 

107 
119 
154 
128 
146 
132 
103 
134 
129 

99 
118 
154 
152 
145 
135 
123 
136 
131 

62 
85 

138 
165 
104 
99 

148 
89 

119 

74 
88 

138 
184 
111 
104 
67 
83 

133 

1288 
1453 
1829 
2134 
1830 
1693 
1879 
1817 
1847 

Cat 



farm and 28.1 'C at the lowland site in December. 
36.3 'C, was measuredThe highest temperature, 

on the upland farm on 15 May. 
The monthly mean minimum temperature for 

both upland and lowland sites was 22-25 'C. The 
lowest minimum temperatures, 18.2 'C at the 

upland site and 19.1 0 C at the lowland site, 
occurred on II November. 

Mean relative humidity was lowest in May 

(76% on the upland farm and 74% on the lowland 
farm) and was more than 82% during WS at both 

sites. During the dry season (DS), vapor pressure 
deficits were generally higher at the upland station 
than at the lowland station (Fig. 3). Vapor pressure 
deficit at midday iricceased to 2.8 kPa in May on the 

upland farm aad 2.3 on the lowland farm, and de-

clined to approximately 1.4 kPa in WS at both sites. 
Daily mean windspeed (measured at 2 m above

ground) was 1.6 m/s. Maximum 24-h average wind-

speed was 6.8 m/s at the upland site and 6.2 m/s at the 
lowland site (28 October). 

Air temperatures and vapor pressure deficit were 

slightly higher on the upland farm than on the low-

land farm, particularly during DS, causing slightly 
higher evaporation on the upland tarm from January 
to June. The monthly total peaked in May (227 mm 

on the upland and 211 mm on the lowland farm), and 
was lowest during WS (approximately 100 mm at 
each site). 

Sixteen tropical disturbances entered the Philip-
pine area of responsibility in 1991. None caused 
damage in Los Bafios. But Uring (early November) 
caused a flash flood that seriously damaged infra-
structure, buildings, and livelihood in Leyte. 

Vapor pressure deficit (kPa) 
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3.Midday vapor pressure deficit at wetland and dryland stations. 
IRRI, 1991. 

Mt. Pinatubo erupted in June. The strong winds of 
typhoon Diding scattered the ashes over the coun
try. About 2 cm of ash was deposited in the Los 
Bafios area. Turbidity lowered the measured incom
ing solar radiation and partly (but temporarily) offset 
the global warming trend. 
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Keyword index
 

A 
A. afraspera See Aeschynomene afraspera 
abiotic stresses 177, 233 
acid lowland 120, 143 
acid soils 94, 120, 274 
acid upland soils 236, 241, 283 
Active Cclection 214, 218 
active N fraction 61, 62 
adoption of technologies 52, 53, 169, 251 
Aeschynomene 'fraspera31, 70-73 
Afghanistan 7, 258 
Africa 21, 125, 215, 219, 228, 232, 233, 234, 238, 

256, 257, 261,272, 275 
Agricultural Research Institute, Myanmar 214, 280, 

281 

agroecological zones 147, 156, 276 
agroecosystem 36, 84, 86, 276 
alien gene transfer 133, 139 
alley crops 87 
alley fanning 87 
ammonia volatilization 66 
ammonium 194, 195,202 
amorphous rice hull ash 172 
amylopectin staling 203 
analytical frameworks 254 
Analytical Service Laboratories 286 
aneuploid stocks 133 
antagonistic effect 190 
anther culture 133, 138, 142, 144, 146 
anther culture lir.e 142, 143 
antibiosis 10, 129, 130 
apomixis 19, 146 
aquatic legumes germplasm 73 
aquatic oligochaetes 48, 49 
armyworms 86, 254 
aromatic rices 7 
Australia 308 

ASL See Analytical Services Laboratories 
Aspergilus 215 
azolla 19, 70, 71, 226, 237, 242, 249, 272, 283, 286 
azolla fingerprinting 20, 21 
azolla germplasm 19, 21, 289 

B 
Bacillus thuringiensis 30, 31 
bacterial blight 7, 11, 12, 13, 74-78, 130, 158 
bacterial blight nursery 232, 235 
bacterial blight resistance 125, 136, 286 
Bangladesh 36, 37, 38, 40, 41, 76, 77, 99, 106, 

115, 116, 117, 132, 168, 221, 228, 232, 
243, 245, 249, 250, 251, 257, 258, 261, 
272,273
 

Bangladesh Rice Research Institute 99, 117, 272, 
273
 

Base Collection 214, 215, 218
 
BB See Bacterial blight
 
Belgium 177, 308 
beneficial organisms 177, 180 
beusani 53, 55, 56 
Bhutan 243, 257, 269, 273, 291 
biofertilizers 237 
Biological Abstracts 226 
biological nitrogen fixation 19, 63, 86, 87 
biomass 7, 59, 63, 65, 68, 73, 88, 89, 90, 125, 191, 

193, 202, 203 
biometrics 258, 263, 291 
biophysical and socioeconomic characterization 146 
biotic stresses 132, 177, 232 
BI See Blast 
blast 7, 11, 75, 76, 94, 9F..100, 126, 131-132, 162

163, 185, 190, 192, 193, 221, 222, 232, 233
234, 238, 241, 279, 286, 289 

blast nursery 8, 100, 131, 185, 186, 232, 235, 236, 
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