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Noemi M. Yapit, MS,training assistant 
German 0. Turija, BS,research aidet 

SOIL CHEMISTRY 
Felix N. Ponnamperuma, Ph D. pi ncipalsoil chemist 
Ian R. Fillery, Ph D,visiting associate soil chemist 
Heinz-Ulrich Neue, Ph D, associate soil chemist** 
Jeffrey R. Simpson, Ph D, visiting scientist"* 
Ruby U. Castro, MS,assistant scientist 
Rhoda S. Lantin, MS. assistant scientist 
Myrna R. Orticio, BS,research assistant 
Corinta C. Ouijano, AS,research assistant 
Ma. Theresa C. Cayton, BS,research assistant 
Alma Ma. B. Capati, BS,research assistant 
Ma. Concepcion E. Cajimon, BS,research assistant 
Joselina L. Solivas, BS,,esearch assistant 
Nida B. Uy, BS,research assistant 
Rodolfo Y. Reyes, MS,research a.,sistant 
Victor A. Quin'sing, M.S, research assistant 
Evelyn Flordelis, MS. senior research assistantt 
Ernesto G. Castillo, BS,research assistaitt 

Marilou S. del Rosario, BS, research ass istanit 
Bernardita E. Mandac, MS,research assistant 
Roberto P. Bautista, BS,research assistant 
Ma. Gracia B. Ibabao, BS,research assistant* 
Virgilio Q. Gaddi, BS.research assistant 

Ricardo Capistrano, BS,research aide 
Celes,e Carrancho, ES,research aide 
Adonna Medrana, BS,research aide 
Roberto Oficial, BS,research aidet 

SOIL MICROBIOLOGY 
lwao Watanabe, D Agr, --oil microbiologist 
A. App, Ph D. visiting scientist 
Pierre A. Roger, D Pedologie. ;isitingscientist 

J. K. Ladha, Ph D,associate soil microbiologist"" 
Wilbur Ventura, MS,assistant scientist 
Wilfredo L. Barraquio, AfS. senior researctasststant 

Benjamin C. Padre. Jr., research assistant 
Corazon R. Espinas, BS, research assistant 
Agnes C. Tirol, MS,research assistant* 

Teresita A. Santiago, BS,research assistant 
Majorie T. Brayv, BS,research assistant* 
Susan S. Ardales, 3)S, research assistant 
Reynaldo T. Oliveros, MS,research assistant 
Maria Luisa G. Daroy, BS,research assistant 
Grace Buenaventura, BS,research assistant 
Cresenciana D. Daez, MS,research assistant 
Rosario A. Remulla, BS,research assistant 

STATISTICS 
Kwanchai A. Gomez, Ph D, statistician 
Mariano B. de Ramos, Ph D, senior research fellow 
Zenaida U. Abanto, MS,research assistant 
Violeta 1.Bartolome, BS,research assistant 
Victoria G. Calasin, BS.research assistant 
Urbana B. Cadiz, BS,research assistant 
Anabella B. Cruz, BS,research assistant 
Romel E. Ferido, BS,research assistant 
Leonardo P. Lopez, BS,research assistant 
Adelina Nenette C. Mendoza, BS,research assistant 
Nora Epifania N. Nano, ES, research assistant 

Priscilla A. Piguing, BS,research assistant 
Grace L. Reyes, BS,research assistant 
Heraldina R. Salonga, BS,research assistant 
Julie D. Zamora, BS,research assistant 
Lynn Corazon M. Mulimbayan, BS resiarch aide 

TISSUE CULTURE 
Shouichi Yoshida, D Agr,plant ph 'siologistofficer-in-charge 
Francisco J. Zapata, Ph D, associate plant phy'siologist 
Editha M. Abrigo, BS,research assistant 
Gemma D. Encarnacion, BS,research assistant 
Lina B. Torrizo, BS,research assistant 
Rhodora 0. Romero, BS.rescarch aide" 

* Left during the year 
' 	 On study leave
 

Joined and left during the year

Joined during theyear 

+ Outreach 
tOn project appointment
 
ttOn part-time
basis
 

tt Died during the year
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About this report 

This 21st annual report includes research reported during 1982. The department or 

departments that performed the research are identified in italics below the topic 

heading. For example: 

DISEASE CONTROL 

Plant Pathology Department 

In collaborative work, the department that did one phase of the research isidentified 

in italics in parentheses following the subtopic. For example, the Plant Breeding and 

Plant Physiology Departments cooperate in the project ROOT STUDIES. Because 

the Plant Breeding Department bears responsibility for one phase of that work, its 

name follows the heading: 

Correlation of root chanacteristics in F2 populations (Plant Breeding). 

This report makes reference to three fundamental types of rice culture. Dryland 

(upland) culture means rice grown without irrigation in unbunded fields. Rainfed 

culture means rice grown without irrigation but in fields that are bunded to impound 

water. Irrigated culture means rice grown with irrigation in bunded fields. The 

adjectives dryland(instead of upland) and wetland(instead of lowland) describe rice 

and rice-growing soils. 
Pedigrees are indicated by a slant bar (/) rather than by the multiplication sign
 

(X). For example, PTB33 X IR30 is written PTB33 /IR30. The sequence ofcrosses is
 
IR36 is written
indicated by the number of slant bars. (PTB33 X IR30) X 

PTB33/ 1R30/ /1R36. The fourth and further crosses are designated /4/,/5/, and so 

on. Backcrosses are indicated by a superscript numeral. 
Scoring of morphological characters and of damage attributed to rice pests and 

physiochemical stresses is based on scales in StandardEvaluationSystem for Rice 

(SES), 2d ed., 1980. Copies are available from the International Rice Tresting 

Program, IRRI. 
This report is on a metric basis. The International System of Units (SI) is not, 

however, completely adopted for abbreviations. Ali monetary units are as U.S. 

dollars ($). Unless otherwise stated, controlor check means an untreated control, 
grain yield is calculated as rough rice at 14% moisture, and protein content is 

calculated as a percentage of brown rice at 14% moisture. 
A single asterisk (*)means different at the 5%level of significance, and a double 

asterisk (**) means significantly different at the 1%level. Unless otherwise noted, 

separation of means in table columns by isDuncan's Multiple Range Test at the 5% 

level.
 
Names and terms often repeated within sections and throughout the publication
 

are abbreviated, e.g. BPH (brown planthopper), GLH (green leafhopper), DT (days 

after transplanting), DAT (days after treatment), etc. See the list of abbreviations. 

The report uses generic names instead of brand names for chemicals. Use of a 
name is unobtainable does notcommercial or brand name when the generic 


constitute an endorsement of the product.
 
A thumb index on the back cover provides access to each section. To use it, bend
 

follow the margin index to the page with the black-edge
the book slightly an. 

marker.
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Acronyms and abbreviations used in this annual 
report 

A line = cytoplasmic male-sterile line DSC = differential scanning calorimetry
AC = amylose content DSR = dry-seeded rice
 
ACSN = Asian Cropping Systems Network DT = days after transplanting
 
AGM = Angoumois grain moth
 
ai = active ingredient ECe = electrical conductivity of the saturation extract
 
AMS = aman sepson EE = ethyl ester
 
AN = annioniacal nitrogen ELISA = enzyme-linked immonuosorbent assay
 
ARA = acctylenc reduction activity EpaS= pan evaporation
 
AS = ammonium sulfate ET = evapotranspiration
 
AVRDC = Asian Vegetable Research Development Center
 
AWMT = assistant water management technician FA = fluorescent antibody
 
AWS = available water supply fb = followed by
 

B line = maintainer line FGU = forestry-grade ureaBli = moantaindr in e dB&I = broadcast and incorporated FPLI = functional plant loss index 

B:C = benefit-cost ratio g = gram 
BA = Batangas ecotype of Echinochloacolona GC = gel consistency 
BGA = blue-green algae GEU = genetic evaluation and utilization 
BLB = bacterial leaf blight GLH = green leafhopper 
BPH = brown planthopper GMA = good market access 
BPI = Bureau of Plant Industry (Philippines) GT = gelatinization temperature 
BRBDP = Bicol River Basin Development Program 
BRP = brown -rice protein h = hour 
BS = boro season ha = hectare 
BU = Bukidnon ecotype of Echinochloacolona HAI = hours after inoculation 

HC = hours after cagingC:N =carbon-nitrogen ratio HI = harvest index 
CAAMS = Chinese Academy of Agricultural Mechanization HLS = helminthosporium leaf spot 

Sciences hp = horsepower 
cbar = centibar = horsep eCEC =cation exchange capacity HSHS = highly ,t ccptible

HT = hours after treatment
CFU colony-forming units HW = hand wending 
CIMMYT = International Maize and Wheat Improvement 

Center ICRISAT = International Crops Research Institute for the 
cLr = lodging resistance factor Semi-Arid Tropics 
cms = cytoplasmic male sterile IITA = International Institute of Tropical Agriculture 
cps = centipoise IL Iloilo= ecotype of Echinochloa colona 
CRB = Cagayan River Basin INSFFER = International Network on Soil Fertilityand 
CS = Camarines Sur ecotype of Echinochloa colona Fertilizer Evaluation for Rice 
CSR = completely stained round IPB = lnstitute of Plant Breeding (UPLB) 
CT = canopy temperature IPE = isopropyl ester 
CV = coefficient of variation IPM = integrated pest management 

d = day IPVR = Institute for Plant Virus Research (Japan)d =days IRAT = Institut de Recherches Agronomiques Tropicales et
DAH = days after harvest .des Cultures VivrieresDAI days after inoculation IRCTN = International Rice Cold Tolerance Nursery
DAS = days after seeding, sowing IRTP = International Rice Testing Program 
DAT = days after treatment 
DBE = days before emergence 

=
DBH = days before harvest J joule 
DBPI = days before panicle initiation 
DBS = days before seeding, sowing kg = kilogram 
DBT = days before transplanting kgf = kilogram-force 
DCD = dicyandiamide km = kilometer 
DE = days after emergence Krw = relative crowding coefficient of rice with respect to 
DEI = distribution equity index Echinochloa colona 
DI = days after infection, infestation kW = kilowatt 
DS = dry season Kwr = relative crowding coefficient of Echinochloa coluna 
dS = decisiemens (electrical conductivity) ,,threspect to rice 
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LCeis = Libmanan-Cabusao Pump Irrigation System RCW = rice caseworm 
LD = lethal dose Rf = retardation factor 
LE = Leyte ecotype ofEchinochloa colona RGA = rapid generation advance 
LER = leaf elongation rate RGS = rice green semilooper 
LGB = lesser grain borer RGSV = rice grassy stunt virus 
LSD = least significant difference RH = rel,.tive humidity 
LSS = line souice sprinkler RIP = rolling injector planter 
LTRIS = Lower Talavera River Irrigation System RN rainfall 
LU = land-form unit RRSV = rice ragged stunt virus 
LV = local (traditional) variety RTBV = rice tungro bacilliform virus 

LWP = leaf water potential RTSV = rice tungro spherical virus 
RTV = rice tungro virus 

m = meter RWL rice white leafhopper 
MC = moisture content RWM rice whorl maggot 
MEANT = mean temperature RWS = relative water supply 

meq = one thousandth of an equivalent ofa chemical element 
or compound S = susceptible 

min = minute s = second 
MINT = minimum temperature S&P = seepage and percolation 
mo month SC = South Cotabato ecotype of Echinochloacolona 
mol mole SCU = sulfur-coated urea 
MPa = megapascal SDS = sodium dodecyl sulfate 
MPN = most probable number SES = standard evaluation system for rice 
MR = moderately resistant SMT = soil mo;sture tension 
MRRTC = Maligaya Rice Research and Training Center SRP = share-rented parcel 

(Philippines) SSB = striped stem borer 
MS = moderately susceptible SSP = single superphosphate 
MT = months after transplanting STD = standard nonrecording rain gauge 
MV = modem variety 

t = ton 
N.m = newton-meter TAT = turnaround time 
NA = naphthalic anhydride TDR target discharge requirement 
NBLS = narrow brown leaf spot TPR = transplanted rice 
NIA = National Irrigation Administration (Philippines) TRIS = Talavera River Irrigation System 
NPU net protein utilization 

UOP = unit price of paddy 
OM =orgnic manure UPLB = University of the Philippines at Los Bahos 
OMR = land preparation on the onset of monsoon rains UPRIIS = Upper Pampanga River Integrated Irrigation Sys-
OP = owned parcel tem 
OYT = observational yield trial USG = urea supergranules 

PA = Pangasinan ecotype of Fchinochloacolona W = watt 
PAGE = polyacrylamide gel electrophoresis WAI = weeks after inoculation 
PE = preemergence WAS = weeks after seeding, sowing 
PI = panicle initiation WE = weeks after emergence 
PMA = poor market access WF"= weed-free with tillage during the dry season
 

PMC = pollen mother cell wk = week
 
PPD = phenylphosphorodiamidate WMT = water management technician
 
PR = phosphate rock WP = wettable powder
 
PRG = plastic rain gauge WS = wet season
 
PRIS = Pampanga River Irrigation System WSR = wet-seeded rice
 
PTVT = provincial technology verification team (Philippines) WT = weeks after transplanting 
PU prilled urea WUE = water utilization efficiency
 
PW = panicle weight
 
PWP= land preparation as soon as there is water for puddling yr = year
 

YSB = yellow stem borerQ = diverted flow 

ZPH = zigzag planthopperR =resistant 

R line = restorer ine 
R:S = root-shoot ratio
 
RAD = solar radiation
 
RCPC = Regional Crop Protection Center (Philippines)
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Research highlights
 
ONE STEP AHEAD 

Growth with production stability is a major aim of IRRI's research 
strategy for the 80s. We will accomplish this only through close alliance 
with rice scientists in national programs. Within the International Rice 
Testing Program, we work with approximately 800 researchers in more 
than 70 countries through a worldwide grid ofcooperative experiments. 

The experiences of farmers are also important to our efforts. When an 
old rice farmer in a production brigade in the Hanzhou Province of 
China was complimented for his excellent hybrid rice crop, he said that 
we must not diminish our attention to maintaining plant and soil health. 
He was emphasizing that a productive, stable agriculture needs ceaseless 
vigilance. 

Much of IRRI's work illustrates the wisdom Df vigilance in the 
never-ending battle to stay one step ahead of pests' ability to counter 
varietal resistance. One example is our work on breeding for resistance 
to brown planthopper (BPH), a serious insect pest of rice. During the 
last few years, the IRRI variety IR36 has become very popular with 
farmers in Southeast Asia because it matures early and has high yield 
potential and insect and disease resistance. More than 10 million 
hectares of IR36 were grown in 1982. 

However, reports have come from Mindanao in the southern 
Philippines and North Sumatra in Indonesia that IR36 is being 
damaged by BPH, indicating a new shift in the biotype population 
(Fig. i). A biotype shift is to be expected when resistance of a widely 
grown variety is specific to particular biotypes, and so our plant breeders 
had varieties ready that are resistant to the new biotype population. 
IR56, named by the Philippine Seed Board in 1982, is one such variety. 

Several tons of IR56 seed were sent to areas in Mindanao where the 
new BPH biotype was attacking IR36 (Fig. 2). 

1. Differential reactions of rice varieties 
TNI, IR36, and IR56 to brown plant
hoppers collected from Mindanao, 
Philippines. IR56 showed no feeding 
damage 12 days after infestation. 
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2. In Mindanao, about 150 farmers were 
each given 1.5 kg of IR56 seed to 
multiply. 

4. Disease and insect resistance and supe
rior agronomic characteristics are the 
core of IRRI's Genetic Evaluation and 
Utilization (GEU) program. Plant 
breeders and problem area scientists 
work to incorporate into a desired plant 
type the genetic ability to withstand other 
production constraints, without 
sacrificing its desired agronomic 
charateristics. IRRI works closely with 
scientists in national programs to focus 
breeding strategies on rice varieties for 
less favored environments, 

Indonesian scientists also found that IR56 is resistant to the new 

bi 2ype occurring in North Sumatra. In response to an urgent call, we 
airlifted more than 20 tons of IR56 seed for distribution and rnultiplica
tion to the stricken areas of North Sumatra. 

BPH is not the only enemy of rice that we must stay one step ahead of. 
That was made poignantly clear when a new strain of grassy s:unt virus 
tentatively called RGSV 2 appeared in 1982. BPH isthe vectcr for that 

virus. We are now searching for genes that will provide RGSV 2 

resistance. 
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3. In areas where the soil has an adequate 
amount of phosphorus, the water fern 
azolla has the potential to help reduce the 
need for purchased nitrogen fertilizer. 
Blue-green algae associated with the fern 
actually do the nitrogen fixing. 

To reduce occurrence of such shifts of insect biotypes and virus 
strains, varietal diversification must be encouraged. In October 1982, we 
jointly conducted a Technology Transfer Workshop with the Philippine 
Ministry of Agriculture to recommend varieties with general as well as 
specific adaptation to various rice environments. Steps were taken to 
intensify regional testing of varieties and for prerelease multiplication of 
the most promising strains or. the plant breeders' assembly line. 

The Chinese farmer in Hanzhou Province wisely advised greater 
attention to soil health. IRRI is strengthening soil management work, 
particularly in the aret of biological nitrogen fixation. 

We know that nitrogen fixed by blue-green algae in conjuction with 

the water fern azolla can help reduce the need for purchased nitrogen 
fertilizer (Fig. 3). We have discovered, however, that azolla grows poorly 
i 
in phosphate-deficient soils. Soils containing more than 25 jzg available 
phosphorus per gram of soil could support good azolla growth without 
fertilizei. In 1982, trials to determine the extent that azolla cai replace 

nitrogen fertilizer and improve soil fertility were conductedi at 15 sites in 
10 countries. In areas with sufficient phosphorus, we are working to help 
popularize azolla use by farmers and to determine optimum procedures 
for distribution, use, and maintenance of the beneficial water fern. 

GEU program is 10 years old 
The anticipatory research of our Genetic Evaluation and Utilization 
(GEU) program has enabled us to stay one step ahead on several fronts. 
The GEU program, IRRI's largest endeavor, is now in its 1Ith year. It 
has enabled us to develop multi-insect and disease resistant varieties. 
The inputs of our soil chemists, entomologists, plant pathologists, plant 
physiologists, agronomists, and plant breeders on the GEU team have 
also produced rices with tolerance to adverse soils, salinity, drought, 
cold, and submergence (Fig. 4). 
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5. 1R36 has about a one percentage point 
higher protein content than IR varieties 
of longer growth duration. One 
promising line, IR9752-71-3-2, which has 
a yield similar to 1R36, matures about I 
week earlier and has a protein content 
that is as high as, and at times higher 
than, that of IR36. Replicated trials, 
1978-82 dry seasons. 

6.Rice scientists from Latin America, 
Africa, and Asia review dryland breeding 
material at the International Institute of 
Tropical Agriculture substation at Onne, 
Nigeria. 

Meanpercentprotein en yie (/d .) 
14| 7 

1 Protein 
2ild 6 

U' U 
I 

to- 5 
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2 2 

IR8 IR42 
(104 growth drnotion) (110) (124) (131) 

IR9"52-71-3-2 IR36 

In a somewhat unexpected development, we have found that our new 
e'-rly-maturing varieties that combine multiple resistance to insects and 
diseases also have a high protein content. Since 1978, replicated yield 
trials have shown that we can maintain yield potential and the character
istic of higher protein content associated with short-duration varieties 
such as IR36 (Fig. 5). Early-maturing varieties also help farmers 
ruc t crops(inrriated ares 

produce two or more crops in irrigated areas. 
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7. Plans are being made to utilize the new 
Rainfed Rice Research Station site at 
Bamban, Tarlac. 

Dryland rice research 
In 1982 a detailed strategy for dryland rice research was developed 

during an international workshop at Bouake, Ivory Coast. Before the 

workshop, IRRI scientists joined other researchers from Latin America, 

Asia, and Africa in a monitoring tour to review dryland rice improve

ment efforts in Nigeria and Ivory Coast (Fig. 6). 
In his World Food Day convocation address at IRRI on 16 October, 

President Ferdinand E. Marcos announced that the Philippine Govern

ment would make available 100 hectares of land at Bamban in Tarlac 

(Fig. 7) to help IRRI intensify dryland and rainfed rice research. 

IRRI's third decade 
The "Plan for IRRI's Third Decade" was completed during 1982. It is 

based on priorities suggested by the Board of Trustees and the Second 

Quinquennial Review team which reported on IRRI's progress to the 

Consultative Group for International Agricultural Research (CGIAR). 

The advicc of the Technical Advisory Committee to CGIAR was very 

helpful in finalizing the research strategies. The Plan describes how 

IRRI will intensify and expand its collaboration with national programs 

in their rice improvement activities during the next 10 years. 

The Articles of Incorporation and By-laws of IRRI were amended in 

October 1982 to make them compatible with IRRI's position as an 

international agricultural research center supported by CGIAR. 

Awards 
The first King Baudouin International Agricultural Research Award 

was presented to IRRI in November during the CGIAR meeting in 

Washington, D. C. (Fig. 8). The award recognized the continuing 

vitality and recent advances of IRRI's breeding pru;,rams as illustrated 

by the development of IR36. 
The Third World Foundation for Social and Economic Studies 
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8. Dr. Guy Camus, chairman of the Tech
nical Advisory Committee (TAC) of the 
CGIAR, presents Dr. M. S. 
Swaminathan, IRRI director general, 
with the 1982 King Baudouin 
International Agricultural Research 
Award. 

9. His Excellency Zhao Ziyang, Premier, 
State Council of the People's Republic of 
China, presents Third World Prize Scroll 
to Dr. M.S. Swaminathan. 

S 

announced that IRRI had been named the 1982 recipient of the Third 
World Prize for its outstanding contributions to the Third World 
(Fig. 9). The citation reads, in part: "Over the last two decades when so 
much else faltered -I the sLruggle against hunger and poverty, IRRI's 
quiet, persistent, highly professional and wholly dedicated work 
touched the lives of millions in the Third World, improving the human 
condition in truly practical and lasting ways. That such a contribution 
should have been the result of fruitful cooperation between scientists 
and food technology experts from developed and developing countries 
alike is in itself a cause of satisfaction and cncouragement." 

1Jrd rldPIZ 
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FIELD COLLECTION 

Plant Breeding Department 

The national rice research centers of Bangladesh, 
Nepal, and Thailand continued their search for 
uncollected rice cultivars in remote areas. The 
efforts were sustained with funds provided by the 
International Board for Plant Genetic Resources 
(IBPGR) and channeled through IRRI. Several 
other national centers carried out their own field 
canvassing activities. During 1982, IRRI received 
2,764 seed samples from these activities. 

Several institutions in developed countries also 
made plant exploration missions in Asian countries 
with IBPGR support. When rice germplasm was 
included in the field collection, IRRI was notified. 
Upon its request, IRRI was provided with a 
duplicate set of the rice seeds. During 1982, IRRI 
received from Bhutan 62 seed samples collected by 
the Royal Botanic Garden Kew (U.K.). The Dutch 
Foundation for Agricultural Plant Breeding sent 
four varieties collected from Pakistan. 

Anthropologists working in the remote areas of 
Indonesia and the Philippines also provided IRRI 
with samples of their rice collections. 

Table I summarizes the results of 12 years' 
collection in 14 countries. 

INSTITUTIONAL EXCHANGES 

Plant Breeding Department 

IRRI continued to receive duplicate sampls from 
the rice collections of ether institutions. Them ajor 
donors of 4,514 samples deposited into the germ-
plasm bank were: 

National centers 
" 	Bangladesh Rice Research Institute - 139 

varieties. 
* Kiangsu Provincial Academy of Agricultural 

Sciences (China) - 500 samples; Hunan 
Academy of Agricultural Sciences -- 4 deep-
water rices; Institute of Biology, Sichuan Prov-
ince - 10 varieties. 

" M. P. Rice Research Institute, Raipur; Agri-

cultural Research Station, Pulla; Central Rice 

Research Institute (CRRI) Regional Research 

Unit and the Rice Research Station, Anaka-

palli (AP); CRRI, Cuttack (India) -- 990 

samples. 


" Malaysia - 450 varieties from Sabah State. 
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Table 1. Indigenous rice varieties collected with IRRI's 
direct or indirect participation in 14 collaborating coun
tries, 1971-1982. 

Indigenous varieties col

lected Ino.) with IRRI's 
Country Years Direct Indirect 

participation participation 

Bangladesh 1973-82 2451 3060
 
Bhutan 1975-76, 1981 1 249
 
Burma 1973-74, 1976 225 1528
 

1980.81
 
India 1976, 1978.82 -- 2 266
 
Indonesia 1972-76, 1978.82 5 103 4 730

Kampuchea 1973 280 --


Laos 1972-73 -- 898
 
Malaysia 1973-81 -- 1 422
 
Nepal 1971-72, 1979-82 -- 2408
 
Pakistan 1972-73, 776
 

1976,1979 
Philippines 1973-76 630 2 565
 

1977-82
 
Sri Lanka 1972, 1975-76 1 675 551
 

1978-81
 
Thailand 1973, 1975-76 -- 3 365
 

1978-82
 
Vietnam 1972-75, 108 710
 

1978.81 

Total 1971.82 10472 25528
 

0 	Nepal - 297 varieties. 
* Yale University anthropology project in the 

Mountain Province of the Philippines - 42 
varieties. 

• 	Vietnam - 60 varieties. 
* Thailand - 4 varieties adapted to acid-sulfate 

soils; 53 varieties from the hilly regions; and 
545 varieties from the national rice collection. 

Developed countries 
0 	The Netherlands -the Foundation for Agri

cultural Plant Breeding donated four Paki
stani varieties sampled from the Baluchistan 
Provinces. 

e 	 United Kingdom -- Royal Botanic Garden 
Kew supplied 62 samples collected from 
Bhutan. 

Other international/regional centers 
e 	 International Institute of Tropical Agriculture 

(IITA), lbadan, Nigeria -- 255 samples of 
IITA's breeding materials. 

• 	 West Africa Rice Development Associatior 
(WARDA), Monrovia, Liberia - 63 man
grove swamp varieties collected from Sierra 
Leone. 



* 	FAO/UNDP - 1,026 rice varieties collected 
from Liberia, of which 958 samples were 
received in 1975. 

Replacement samples also were obtained for 199 
accessions that had become nonviable during 
storage. 

The International Rice Testing Progi-am tIRTP) 
furnished 234 promising entries from international 
nurseries for preservation. 

The National Institute of Agricultural Sciences 
(NIAS) of Japan and IRRI continued to system-
atically consolidate their rice collections. The two 
institutes compared accession lists to identify du-
plicate samples and nonduplicate holdings. NIAS 
furnished IRRI with 107 Chinese varieties not in 
the IRRI collection, 

INVENTORY, CHARACTERIZATION, AND DATA 
PROCESSING 
Plant Breeding and Statistics Departments 

At the end of 1982, the IR RI germplasm bank had 

registered 60,181 accessions of 0. sativa, 2,614 

accessions of 0. glaberrima, 1,100 populations of 

wild species, and 691 genetic testers and mtants. 
About 5,042 recently received sced samples await 
initial planting and seed increase. During the past 
II yr, more than 13,152 additional seed samples 
were not counted as registered accessions because 
the seeds either did not germinate or were obvious 
duplicates. 

During 1982, the morphoagronomic traits in the 
field of 7,252 accessions were systematically de
scribed. Laboratory measurements of panicle and 
grain characters on 4,980 accessions were corn-
pleted. By the end of the year, field records of 
59,512 accessions had been made, but only 45,599 
accessions were completely characterized because 
of a shortage of laboratory manpower. 

Dgta on 56,144 accessionsof0. sativahave been 

entered in the computerized files. During the year, 

the morphoagronomic file and the GEU-traits file 
were used etensively to identify accessions re-
quested by rice researchers. 

SEED INCREASE, REJUVENATION, AND 
DISTRIBUTION 

Plant Breeding Department 

In the DS, 3,277 plots were grown for initial seed 
increase and 5,066 accessions were rejuvenated to 

provide seed for canning. In the WS, 7,252 plots 
were planted for characterization and 4,034 acces
sions were rejuvenated. 

The germplasm bank continued to supply seed 
to rice researchers throughout the world. In re
sponse to 154 requests, it sent 11,075 seed samples 
to foreign resLarchers. It filled 279 requests within 
IRRI for 33,975 samples. Moreover, it distributed 
816 samples of African rices and wild species. The 
total number of seed samples supplied by the 
germplasm bank in 1982 was higher than the 
numbers supplied in the last 4 yr (Table 2). 

A large collection of tmditional cultivars known 
1ocally to have special characteristics has been 
assembled by field collectors of national centers 
and IRRI. Seeds are distributed to IRRI's GEU 
scientists for evaluation soon after the initial cycle 
of seed multiplication is completed. During 1982, 
special types provided to IRRI staff included 939 
deepwater rices, 36 varieties tolerant of adverse soil 

factors,4,110drought-resistantordryland varieties, 

370 insect-resistant varieties, and 601 reputedly 
pest-resistant accessions. 

PROCESSING SEED FOR MEDIUM- AND 
LONG-TERM STORAGE 

Plant Breeding and Statistics Departments 
The vacuum-packing process of canning rice seed 
in aluminum cans for medium- and long-term 

Table 2. Progress of the IRRI Genetic Resources Pratzm 
in the preservatior and distribution of seed of Oryeea
satira cultivars, 1973-1982. 

Distinct Samples distributed 
Year accessions in

germplasm Inside IPRI National 
bank programs 

1973 24162 8275( 66) 9777 ( 95) 
1974 26818 20498 (108) 2 603 ( 83) 

1975 30332 22155(151) 4043 (150) 
1976 34229 40 ")0 194) 4819 (137) 
1977 36956 50354 (196) 4 126 (148) 
1978 40 768 31 941 (182) 7 316 (142)
1979 47 743 26694 (268) 3 260 (057) 

1980 53431 29 734 (337) 3659 (156) 
1981 57027 29 053 (319) 4376 (206) 
1982 60 18 1 b 33975 (279) 11 075 (154c) 

aNumbers in parentheses indicate the number of seed 
requests processed. bAbout 4,566 recently received seed 
samples aie yet to be g,'own and registered; 8,630 dupli
cate accessions and 4,823 nonviable seed samples were 
removed from the registry during 1973-82. CExcluding 19 
requests of 254 samples being delayed by quarantine 
clearance. 
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storage has been in use since mid-1980. By the end 
of 1982, 9,128 of the 36,793 accessions grown for 

this purpose had been packed. The very low 
percentage of accessions being canned can be 
ascribed to the meager quantity of high-auality 
seed suitable for canning after rigorous visual 
selection. Poorly filled, discolored seeds and mech-
anical mixtures often made up a large portion of a 
harvested seedlot. 

When an accession has produced sufficient seed 
for canning, a second 30-g seed!ot is sealed in 
an aluminum foil envelope and sent to the U.S. 
National Seed Storage Laboratory in Ft. Collins, 
Colorado, for duplicate storage. This duplication 
adds to 'he security of the collection. Duplicates of 
3,038 accessions were processed during 1982. 

Records on seed rejuvenation and canning were 
entered in the computerized file3. 

To rejuvena:e accessions under relatively disease-
and insect-free conditions, a 5-ha area was rented 
in Masapang village of a neighboring district for 
seed production during December 1982. 

COMPARISON OF SEED PACKING MATERIALS 

AND STCRAGE CONDITIONS 


Plant Breeding Department 

During March 1979, a seed storage experiment was 
begun to compare the life span of three rice cul
tivars with various degrees of giain dormancy and 
initially dried down to two moisture contents (MC) 
(6 and 12%). Seeds were placed in three kinds of 
packaging materials (kraft pnper bags, aluminum 
foil-polyethylene envelopes, and hard polyethylene 
grain-sample bottles) and stored under six types of 
storage conditions (ambient temperature 240-32 C) 
and relative humidity(RH) 80-100% in a basement 
room; 19'C and 55% RH in the short-term storage 
room; 5'-60 C in a refrigerator; 20 -4'C in the 
medium-term storeroom;- 100 C in the long-term 
storeroom;and -20' C in a laboratory freezer. 

Marked changes in seed viability and moisture 
content were observed after 4 yr of storage. Seeds 
of 6and 12% MC packed in paper bags lost alltheir 
viability within 9 mo when stored in the basement 
(Fig. 1, 2). The strongly dormant H4 was the most 
viable while the nondormant 1R36 was viable for 
only 6 mo. 

Inside the -200 C freezer, seeds with 12% MC in 
paper bags remained viable up to 12 mo; seeds of 
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I. Changes in germinability of three rice varieties dried to 6% 
moisture content and stored inside different packaging materials 
in an anrbient room (24* - 32 C and 80-100%i crelative humidity).
IRRI, 198'. 
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2.Changesingerminabihtyofthreericevarietiesdried to 12% 
moisture content and stohed insidedifferent packaging materials -in an ambient room (24o 320 C and 80-100%c0 relative humidity).IRRI, 1982. 

6% MC stored the same way still retained 43-98% 
viability at the end of 36 mo. 

The viability of seeds with 6% MC sealed inside 
hard plastic jars and kept in the basement remained 
high (above 80%) during the first 18 mo, after 
which it dropped rapidly. At the end of 24 mo, 
seeds ofthe weakly and nondormant varieties were 
dead; H4 retained 3% viability. In the seedlots with 



12% MC loss of viability began sooner and ship between bulu and dryland rices has not been 

germinability dropped to zero between 12 mo (for explored. 
IR36) and 18 mo (for H4). Crosses among four aus, four bulu, and five 

Seeds with 12% MC sealed inside aluminum foil dryland rices were made and the pollen and spike

envelopes showed little decline in viability until the let fertility, meiotic chromosomes, seed protein 

21st month in the basement. Then, a rapid loss in profiles, esterase, and peroxidase zymograms of 

viability occurred. Seeds of IR34 and IR36 were the parents and their F1 hybrids were studied to 

viable only for 39 mo; those of H4 showed 23% elucidate their interrelationships. The pollen fertil
ity readings are in Figure 3. A combining abilitygerminability at the end of the period (Fig. 2). 

Seeds of three varieties at both MC levels analysis of a seven-parent diallel cross indicated 

maintained their viability with no sign of deteriora- that the variations in F, pollen fertility could be 

tion for 45 mo in the short-term storeroom, even largely attributed to dominance and additive 

though they were packed in rather porous paper effects. 
bags. Seeds stored inside plastic jars and aluminum Measurements of length, arm ratio, and shape of 

foil envelopes also kept well for the same period in the pachytene chromosomes showed that the three 

the same room. varietal groups have similar chromosome com-

Seed MC increased maikedly under ambient plements. During the meiotic division, the F, 

room conditions in both paper envelopes and hybrids showed loose pairing, univalents, chain-of

plastic jars. Seeds with 6% MC packed in paper four, bridges and fragments, and laggards. But the 

envelopes had 21%MC after 12 mo; those stored in frequencics were too low to account for the low 

plastic jars showed a gradual increase in MC, levelofpollensterilityfound intheFls. Moreover, 

which reached an equilibrium of 14% at 30 mo. most of the parents aizo showed such minor 

Seeds with 6% MC showed a 2% increase in MC chronosomal aberrations and at slightly lower 

when stored in the plastic jars both in the refrigera- frequencies. 

tor and in the short-term storeroom. The increase Seeds of the aus varieties produced the lowest 

was slightly lower inside paper bags. On the other number of protein bands (22-27) among the three 

hand, seeds with 12% MC stored in paper bags lost ecotypes but showed the largest within-group vatia

3-6% MC; those inside jars lost 2-4% MC. The least tion among the three groups. The dryland rices 

MC change occurred inside the aluminum foil yielded the largest number of bands (26-29), which 
indicates an advanced state in evolutionary difenvelopes, 

CYTOGENETICAL AND ELECTROPHORETIC
 
ANALYSES OF THE GENETIC AFFINITY MrGM
 
AMONG AUS, BULU, AND DRYLAND RICES
 

Plani Breeding Department 

The bulu varieties of Indonesia and the traditional
 
dryland (hill) rices of Southeast Asia have many
 
common moiphological characteristics: tall stature,
 

- o
low tillering, thick culms, long and broad leaves, a5o±17oo% 8534 1509% 

long and well-exserted panicles, large and bold 
grains, and nonshattering habit. However, biu 
rices are grown in wetland fields while the dryiand 
rices are generally grown under rainfed-dryland 
culture and are high in drought resistance. The aus 

varieties of eastern India and Bangladesh are early, Bu 13320±1630/, 9373±387% 
964t_4.


drought-resistant, and grown in a rainfed regime. 


Earlier studies in Japan suggested the close relation
ship of aus and bulu rices to each other and also to 3. Mean pollen fertility of intragroup and intergroup hybrids
 

Japanese varieties. However, the genetic relation- among bulu, aus, and dryland rices.
IRRI, 1982. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM it 



ferentiation. The bulu rices were intermediate. The 
seed protein profiles concur with the morpho
agronomic traits of each group with respect to the 
relative state of differentiation. 

Between esterase and peroxidase isozymes, the 
variation in the esterase bands was greater than 
that in the peroxAdase bands. The aus varieties 
showed the largest within-group similarity indices 
for both enzymes. The aus and dryland comparison 
showed higher similarity indices thar. the other two 
between-group comparisons..,-

Based on the weighted pair-group method, 
dendrograms for each electrophoretic system were 
constructed. The dendrogram of seed protein 
provides a clear differentiation among the three 
ecotypes except that the Philippine dryland variety 
Kinandang Patong appeared to be independent 
and Aus 371 fell into the dryland group (Fig. 4). 
The dendrograms based on esterase and peroxidase 
isozymes showed a more diverse pattern ofassocia-
tion. However, the combined frequencies ofesterase 
and peroxidase bands taken from the arrays of 
F1 hybrids gave a clear separation of the hybrids 
having one common aus parent from the others 
(Fig. 5). The hybrids from bulu or dryland rices 
indicated some overlapping, while hybrid progenies 

Av Euclideandistance 
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04  04 
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01 01 
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Voriey(bulu U drylan 0, ausV) 

4. Dendrogram showing intervarietal relationships obtained by 
the weighted pair-group method of clustering protein electro-
phoretic data. IRRI, 1982. 
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5. Distribution of the 13 hybrid populations based on mean 

frequencies (%) of all isozymic bands of the two enzymes 

(esterase and peroxidase). IRRI, 1982. 

of Kinandang Patong appeared independent of all 
others. 

The following preliminary conclusions may be 
drawn from the preceding analyses: 

e 	The three ecotypes are genetically closely
related to each other, with the bulus and 
dryland rices showing a slightly higher affinity 
than the aus/bulu and aus/dryland hybrids.

* Chromosome behavior also indicated the 

higher levels of affinity among the three 
ecotypes than in indica/bulu, indica/indica, 
and indica/japonica cro!ses of earlier studies 
at IRRI. 

e Electrophoretic analyses generally support the 
morphological and genetic studies but the 
similarity indices varied considerably from 
one system to another. More enzyme systems
need to be studied to identify those that would 

be useful for varietal distinction and identifi
cation. 

TRAINING GENETIC STOCK OFFICERS 

Plant Breeding Department 

IRRI continued to provide short-term training on 
rice genetic resources management. The trainees 
vwere given responsibility for maintaining local rice 



collections at their home stations. One Indian GEU 
train~ee spent 3 wk with the staff of the germplasm 
bank to learn about different aspects of genetic 
conservation. A staff member from the Guangdong 
Academy of Agricultural Sciences in China spent 4 
mo working on the wild taxa. 
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YIELD PERFORMANCE AND NITROGEN RESPONSE 
OF RICE VARIETIES AND SELECTIONS 
Agronomy Departiment 

Irrigated rice. Yield performance of IR varieties 
and promising lines were evaluated at IRRI, in a 
farmer's field in Laguna Province, and at the Philip-
pine Bureau of Plant Industry (BPI) stations in 
Bicol, Iloilo, and Nueva Ecija. Rices were tested at 
different levels of nitrogen (N) fertilizer rate. 

IRRI. Table I shows the response of IR varie-
ties and 32 promising breeding lines at five N levels. 
During the dry season (DS), a new breeding line, 
1R22082-41-2, gave the highest yield of 7.5 t/ha a 
the high N rate. IR42 outyielded (6.4 t/ha) all 
entries at the low N rate. Without N fertilizer, 
IR19743-46-2-3-3-2 yielded 5.1 t/ha. 

Among the early-maturing lines, IR9729-67-3 
yielded 6.6 t/ha - the highest at the high N rate. 
IR42 outyielded all the test varieties or lines in the 
late-maturing group (Fig. I). 

lnt"ewetseason(WS),mostriceyieldsdeclined 
at the iigh N rate (Table 1). 1R 13525-43-2-3-1-3-2 
gave the highest yield (5.2 t/ha). IR42 favorably 
responded to the low N rate application. IR25882-
32-1-3 yielded higher than IR36 (Fig. 2). Medium-
maturing IR13525-43-2-3-1-3-2 and late-maturing 
IR42 yielded well at 60 and 90 kg N/ha. 

Yield (t/ha) 

8 

7- IR42.-

,R1343 2 

5 Iform. 

4-

3 

2 - Po-" 

1-

0 1 1 1 
0 3o 60 90 120 150 

N rote (kg/ho) 

I. N response of late-maturing irrigated rices. IRRI, 1982 DS. 
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Farmer's field. IR varieties and promising lines 
were evaluated at four N fertilizer levels. The trial 
was on a farm previously used for rainfed N 

response trials but converted to an irrigated field. 
In the DS, IR21015-80-3-3-1-2 yielded the high

est (8.4 t/ha) at 50 kg N/ha. Without N fertilizer, 
IR36 yielded 7.8 t/ ha (Table 2). 

During the WS, IR22082-41-2 yielded 5.5 t/ha 
at 80 kg N/ha, but a similar 5.4 t/ha with no N 
fertilizer. Without N fertilizer, all except IR9752
71-3-2 yielded 4.0 t/ ha or better. IR42 and IR22082
41-2 responded similarly across the different N 
rates (Table 2). 

Maligaya. Most rices responded favorably to N 
application during the DS. At the highest N rate, 
IR42 outyielded (8.6 t/ha) all other eitries (Table 
3). IR42, IR54, and 1R22082-41-2 pr)duced the 
highest average yield. In unfertilized plo.s, IR13423
10-2-3 performed best (4.0 t/ha). 

1R 13423-17-1-2-1 had the highest yield increase 
at 60 kg N/ha, producing about 63 kg rough 
rice/kg N. 

Among the very early-maturing rices (< 115 d), 
IR9752-71-3-2 performed the best by progressively 
responding to the increasing N rates. 

During the WS, only IR42 yielded more than 
6.0 t/ha. Most entries suffered bacterial leaf streak. 
Rats and birds caused the low yields of the very 
early-maturing rices. They destroyed IR9752-71
3-2. 

Bicol In the DS, IR13423-10-2-3 performed 
well across all N levels. It yielded similarly to IR42 
(4.8 t/ha) without added N fertilizer and the 
highest (7.8 t/ha) among the entries at 120 kg 
N/ha. However, this line's maturity was not uni-

Similar problems were observed with sister 
line IR13423-171-2-1. 

IR21015-80-3-3-1-2 and 1R22082-41-2 also ap
pear promising. Both rices yielded comparably to 
IR42 and IR13423-10-2-3 in plots without N 
fertilizer (Table 4). 

The DS yields of the rices tested were consis
tently highest at 120 kg N/ha. 

In the WS, only IR42 and IR19672-140-2-3-3-2 
yielded more than 6.0 t/ha. IR42 consistently 
outyielded most entries at all N levels. 

The yield response of very early-maturing rices 
to N fertilizer was relatively low. 

Visayvas. IR22082-41-2 had the highest DS yield 



- -

Table 1. Yields of IRRI varieties and promising lines at five N levels (0-150 kg/ha) in irrigated plots, IRRI, 1982.' 

DS WS 

Maturity Yield' (t/ha) Maturity Yieldb (t/ha)
 
Variety or line (d) 0 60 90 120 150 (d) 0 30 60 90 
 120 

IR8 138 3.8 4.7 5.2 5.8 6.3 126 2.0 2.6 2.3 3.0 3.3 
1R20 119 4.1 4.9 5.2 4.9 4.8 126 2.5 2.7 3.1 3.2 2.4 
IR36 114 3.0 5.3 6.3 6.3 6.1 113 2.9 4.1 4.3 4.5 3.3 
IR42 138 3.7 6.4 6.5 7.1 6.9 141 2.6 4.3 4.4 5.1 4.7 
IR54 109 3.3 4.8 6.3 6.1 6.7 126 2.8 4.2 4.2 4.6 3.8 
IR56 114 3.4 5.0 6.0 5.2 5.3 113 3.0 3.4 3.8 3.5 3.0 
IR9729-67-3 103 3.3 5.2 6.6 6.8 6.6 105 2.7 4.1 4.4 4.1 3.5 
IR9752-71-3-2 103 4.6 5.8 6.5 6.8 6.2 102 22 2.6 3.8 3.8 4.5 
IR13429-299-2-1-3-1 109 3.4 5.5 5.6 5.9 5.7 110 2.8 3.4 3.9 4.5 4.0 
IR13423-10-2-3 139 2.5 4.2 5.6 5.7 6.5 - - - 

iR13423-17-1-2-1 140 3.1 4.5 6.4 5.8 6.3 - - -  -

IR13525-43-2-3-1-3-2 119 3.1 4.6 4.6 5.8 5.6 123 2.9 38 4.5 52 5.2 
IR13540-56-3-2-1 119 2.8 5.3 5.6 6.1 5.5 130 3.1 3.7 4.7 4.9 4.4 
IR15314-43-2-3-3 138 3.1 3.5 3.8 4.9 5.5 - - - - 

IR17494-32-1-1-3-2 138 2.7 3.6 4.0 5.1 52 130 2.. 3.3 31J1 3.9 3.8 
IR18348-36-3-3 - - - - - 123 2.7 35 4.2 4.5 4.7 
IR19058-107-1 114 2.9 5.0 6.0 5.8 5.7 - - - - 

IR19661-131-1-3-1-3 138 1.8 3.2 4.0 3.8 4.4 . . . . . 
IR19672-140-2-3-2-2 - - - - - 130 3.U 4.0 4.6 4.7 4.6 
IR19672-155-2-1-1-3 139 3.6 4.5 5.6 5.7 6A 130 3.4 3.8 4.6 4.9 4.2 
IR19728--3-2-3-3 103 2.9 4.8 52 4.8 5.0 - - 

IR19735-6-2-3-2-1 108 3.9 5A 5.9 5.7 6.2 . . . . . 
IR19743-25-2-2-3-1 108 42 5.6 6.6 6.8 6.2 
IR19743-46-2-3-3-2 103 5.1 5.A 5.7 6A 5.7 102 2.3 2.5 2.9 3.4 3.2 
IR19746-28-2-2-3 108 3.9 5.3 6.0 5.7 5.7 - - - - 

IR21015-80-3-3-1-2 109 3.6 5.3 6.1 6.6 6.3 123 3.0 3.9 4.1 4.5 3.6 
IR21848-65-3-2 - - - - - 130 2.8 3.4 4.0 4.1 42 
IR22082-41-2 119 3.4 4.1 5.8 6.8 7.5 126 3.0 4.1 4.3 4.6 4.3 
IR24632-60-3-3-2 108 4.6 52 6.6 6.3 6.3 - - -  -

IR25588-7-3-2 - - - - - 110 3.2 3.4 4.5 4.0 4.2 
IR25588-32-2 108 3.5 5.7 6.1 5.9 6.3 . . . .. 
IR25621-94-3-2 - - - - - 110 2.6 3.3 3.7 3.8 3.9 
IR25863-8-2-3 - - - - - 105 3.2 3.6 3.8 3.9 3.8 
IR25882-32-1-3 - - - - - 105 3.2 3.9 4.8 4.9 4.5 
IR25901-9-2-3 - - - - - 103 2.5 3.4 3.5 3.8 4.0 
IR25922-39-3-2 - - - - - 105 2.6 3.A 3.6 3.8 3.2 
IR25924-92-1-3 - - - - - 103 3.3 3.5 4.2 4.5 4.0 
IR28128-45-2 - - - - - 103 3.4 3.8 4.4 4.2 3.9 
Peta 148 3.0 4.0 3.7 2.0 1.1 141 1.7 1.9 1.9 1.5 1.3 
aAv of three replications. Each treatment includes 30 kg N/ha topdressed 5-7 DBPI in the DS and 10 kg N/ha topdressed 

5.7 DBPI in the WS. bFor comparing variety means at the same N-rate, LSD (5%) = 0.97 t/ha. In the WS, IR8 was affect
ed by virus, Peta lodged at all N levels, and early-maturing rices were severely damaged by a typhoon. 

(6.8 t/ ha) across all N rates at 90 kg N/ ha (Table 5). 1976 to 1982, IR42 usually yielded higher than 
Relatively low yields were due to water shortages in other MVs without N fertilizer as shown by 
the DS. Maximum yield responses occurred within summarized data for the 7-yr period at four 
the range of 90-120 kg N/ha. IR15314-43-2-3-3 experimental stations (Fig. 3). 
produced 4.6 t/ha without N fertilizer. Peta re- Rainfed rice. IRRL The yield potentials of four 
sponded negatively to N application because a varieties and eight IR lines were tested at five N 
March storm resulted in widespread lodging in levels. Without N fertilizer, IR21015-80-3-3-1-2 
plots that received N fertilizer applications. outyielded all other entries (Table 6). 1R21820-154-

In the WS, IR22082-41-2 produced the highest 3-2-2-3 yielded 4.4 t/ha at 30 kg N/ha. 
yield (7.7 t/ha) at 120 and 150 kg N/ha. Farmner's field. IR42 and IR46 outyielded all 

Performanceof lR42 without Nfertilizer.From other rices (Table 7). IR46 yielded 5.7 t/ha at 
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2. N response of early-maturing irrigated rices. IRRI, 1982 WS. 3. Yields of IR42 and other modern varieties without N 

fertilizer in four Philippine locations (IRRI, Maligaya, Bicol, 
and Visayas) during the 1976-1982 cropping seasons. 

120 kg N/ha. At 80 kg N/ha, 1R42 yielded 5.3 t/ha 
and IR46 yielded 5.4 t/ha. 

SOURCES OF SEMIDWARFISM carrying the sd1 gene of Dgwg.
 
Plant Breeding Department Seventeen crosses were evaluated: five were new
 

accessions; nine were previously studied semidwarfs 
IRRI continues to seach for new sources of the and did not appear to carry the sd1 gene; and the 
recessive genes that provide semidwarfism. The remaining crosses were tall/tall, which were re
principal recessive gene (sd1) was derived from ported to have promising semidwarfs in their 
Dee-geo-woo-gen (Dgwg) of Taiwan, China, and progenies.
 
has been used extensively by the rice breeders of From the segregation pattern of F2 populations,
 
tropical Asia. Allelism tests were made by crossing it was found that each of the five new accessions
 
every new semidwarf with one of the IR varieties have one or more height gencs different from the
 

Table 2. Yields of IR varieties and promising lines at four N levels (0-15 kg/ha) on an irrigated farm, Laguna, Philippinesfa 

1982 DS and WS. 

DS 	 WS 

Variety or line Maturity Yield (tlha) Maturity Yield (t/ha) 
(d) 	 (d) 

0 50 100 150 0 40 80 120 

lR8 	 133 7.3 6.4 6.3 5.9 128 4.2 4.9 3.6 4.0 
IR36 	 112 7.6 7.6 7.9 7.1 111 4.0 4.5 4.5 4.0 
IR42 	 140 7.6 7.2 6.81 5.6 133 5.4 5.1 5.2 4.8 

IR56 	 109 6.8 6.8 6.6 6.4 .. . . .
IR9729-67-3 103 7.2 7.3 7.5 6.9 107 4A 4.3 4.4 4.2 
IR9752-71-3-2 104 6.3 6A 7.4 7.8 111 3.8 4.2 4.4 4.2 

1R13429-299-2-1-3 112 7.6 8.1 7.8 7A .. 	 . . .
1R19672-155-2-1-1-3 .. 	 . . .- 128 4.8 49 5.0 4.0 
IR2101500-3-3-1-2 126 7.7 8.4 8.3 7.9 128 5.0 4.5 4.8 4.7 
IR22082-41-2 	 . . . .- 114 5.4 5.3 5.5 4.7 

-CAvof three repllcations. Each treatment includes 20 !kgN/ha topdressed at panicle initiation Inboth seasons. 
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Table 3. Yields of rice varieties and promising lines at six N levelsO 10-180 kg/ha) in Irrigated plots. N Response of 

Promising Lines. Maligaya Rice Research and Training Center, Mulioz, Nueva Ecija, Philippines. 1982 DS and WS. 

DS WS 

Variety or line Durationd(d Yield (t/ha) Duration Yield (t/ha)
(d) (d) 

0 60 90 120 150 180 0 30 60 90 120 150 

IR8 137 3.3 45 6.2 6.4 6.4 6.8 124 3.2 3.3 4A 4.8 5.1 4.6 
IR20 124 2A 4A 5.8 6.7 6. 6.6 124 2.6 3.9 4.0 4.9 5.0 5.1 
IR36 116 32 6.1 6.4 7.2 6.9 7.7 109 2.7 3.7 4.4 4. 4A 4A 
IR42 137 3.3 5.4 6.2 7.8 8.1 8.6 132 3.5 3.7 5.5 6.2 6.3 6.4 
IR54 124 3.6 5A 6A 8.1 7.1 7.5 122 3.5 3.9 4.8 5. 5.4 4.9 
IR56 110 3.5 5.1 6.5 6.4 6.9 7.2 105 2A 3.3 3.4 4.0 3.9 3.7 
IR9729-67-3 102 2.0 3.5 3 9 b 4.5 4.2 3.8 101 2A 2.8 3.0 2 9- b 4.4b 2.9 
lR9752.71-3.2 102 2.6 4.6 4.5 6.4 6.7 7.3 96 - -- 

IR13423-10-2-3 125 4.0 6.1 6.7 7.0 7.6 7.1 - 

IR13423-17-1-2-1 131 2A 62 5.5 6.7 6.7 7.1 - 

IR13429-299-2-1-3-1 110 2.6 5.0 6.6 6.3 6.6 7.1 105 2.5 3.1 3.7 3.9 3.0 2.8 
IR13525-43-2-3-1-3-2 131 3.3 6.5 6.4 6.9 7.1 7.2 122 2.9 4.3 5.2 5.8 5.5 5.8 
1R15314 43-2-3-3 131 2.6 5.1 6.0 6.2 6.4 6.4 - - - - 

IR17494-32-1-1-3-2 125 2.7 3.9 5.0 5.9 5.7 5.6 - - - - 

IR9672-140-2-3-3-2 - - - - - - - 124 3.6 4.3 5.0 5.6 4.4 4.6 
1R19672-155-2-1-1-3 - - - - - - - 124 3.2 4.4 5.4 4.7 5.7 4.0 
IR19728-9-3-2-3-3 102 32 4.5 5.6 6.3 6.0 5 - - - - 

IR21015-80-3-3-1-2 116 3.3 55 6.0 6.9 7.4 7.5 109 3.1 3.4 4.3 4.4 4.5 3.5 
IR22082-41-2 125 2.7 6.1 6.8 7.6 7.5 8.3 115 2.8 3.7 4.8 4.9 5.6 4.5 
IR25882-32-1-3 - - - - - - - 101 2A 2.7 2.9 3 8 b 4.2 3.Ob 
IR25901-9-2-3 .- 96 2.0 2.1 2.2 2.2 3.1 c 2. 
IR25924-92-1-3 .- 96 1.4 1.7 2.1 3 .0 

b 3.5 3.1 
Peth 137 3.1 4.9 5.8 5.9 5.7 3.7 137 3.6 3.3 3.6 2.6 2.5 2.3 

aEach treatment includes 20 kg N/ha topdressed 5-7 DBPI in both seasons. bAverage of two replications due to rat and 
bird damage. CDuring the WS yield data were available in one replication only. 

Table 4. Yields of rice varieties and promising lines at six N levels (0-180 kg/ha) in irrigated plots.a N response of 

proin.sing lines. Bicol Experiment Station, Pili, Camarines Sur. Philippines. 1982 DS and WS. 

DS WS 

Variety or line Duration Yield (t/ha)b Duration Yield (t/ha)b 

(d) 0 60 90 120 150 180 (d) 0 30 60 90 120 150 

IR8 134 4.5 3.5 4.8 5.6 5.1 6.3 124 2.9 3.6 5.5 4.8 4.3 3.6 
IR20 120 3.7 5.7 6.2 6.7 7.1 6.6 121 3.3 4.5 4.4 4.5 4.6 3.3 
IR36 111 3.5 5.7 6.5 7.1 6.5 6.3 104 3.4 5.0 5.2 4.5 5.4 4.7 
IR42 134 4.8 6.3 6.5 6.5 7.4 6.3 139 4.5 5.9 5.3 6.4 5.9 6.2 
IR54 121 3.5 6.0 5.9 7.0 7.3 7.1 123 3.7 4.6 4.9 5.7 5.3 4.7 
IR56 111 4.1 5.6 6.0 7.2 7.1 6.9 109 3.7 4 4.4 5.1 4.4 2.4 
IR9729-67-3 99 2.6 4.4 5.2 6.0 5.7 6.4 100 2.8 2.6 3.2 3.8 3.6 3.4 
IR9752-71-3-2 99 2.9 4.9 5.1 5.7 5.5 6.4 100 2.5 2.8 2.9 3.5 3.6 3.4 
IR13423-10-2-3 122 4.8 7.0 6.2 7.8 6.9 7.2 -
IR13423-17-1-2-1 117 3.8 6.0 5.7 6.2 6.1 6.4 -
IR13429-299-2-1-3-1 111 3.8 5.1 5.9 6.1 6.0 5.9 105 2.8 4.0 4.7 4.7 4.5 3.8 
IR13525-43-2-3-1-3-2 112 3.8 5.5 6.0 6.5 6.5 6.9 120 3.8 4.5 5.5 5.7 5.8 4.5 
IR15314-43-2-3-3 128 4.0 5.1 6.0 6.6 6.3 5.6 
IR17494-32-1-1-3-2 126 3.7 5.2 5.8 5.6 5.8 6.0 
IR19672-140-2-3-3-2 -- - ---- 129 3.9 4.6 5.3 6.4 5.2 4.1 
IR19672-155-2-1-1-3 -- - ---- 133 3.9 4.0 5.3 4.7 5.2 5.6 
IR19728-9-3-2-3-3 108 3.1 4.9 5.5 4.4 5.8 5.6 
IR21015-80-3-3-1-2 120 4.4 6.9 6.8 7.0 7.2 7.2 116 3.7 3.8 5.3 4.7 4.6 3.8 
IR22082-41-2 124 4.4 6.8 7.3 7.4 7.1 6.6 121 3.3 4.1 4.7 5.2 5.1 4.7 

Continued on next page 
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Table 4 continuod 

DS WS
 

Variety or line Duration Yield (t/ha)b Duration Yield (t/haYb 

(d) 0 60 90 120 150 180 (d) 0 30 60 90 120 150 

-108IR25882-32-1-3 -- 3.2 3.9 4.1 4.3 4.6 4.4 
IR25901-9-2-3 . . . . .- 107 2.7 3.2 3.5 3.9 4.0 3.4 
IR25924-92-1-3 - ------ 100 2.9 2.9 4.3 4.0 4.1 4.4 
Peta 138 3.9 4.2 1.9 1.9 3 .1b 1.4 141 4.8 4.5 2.3 3.6 3.8 3.8 

aEach treatment includes 20 kg N/ha topdressed 5-7 DBPI inboth seasons. bTwo replications only.
 

Table 5.Yields of rice varieties and promising lines at six N levels (0-180kg/ha)inirrigated plots.a N response of 

promising lines. Visayas Experiment Station, Iloilo. and WS.1982 DS 


DS WS
 

Variety or line Dura- Yield (t/ha) Dura- Yield (t/ha)
 
tion tion
 
(d) 0 60 90 120 150 180 (d) 0 30 60 90 120 150
 

IR8 134 3.0 5.5 6.1 6.5 5.7 5.4 124 4.8 6.0 6.2 6.9 6.9 7.0 
IR20 119 4.1 5.1 5.3 5.8 5.7 5.3 124 5.3 6.0 6.8 6.8 6.6 6.5 
IR36 '06 3.8 4.5 4.5 4.7 4.9 4.8 107 4.0 4.9 5.0 5.1 5.7 5.9 
IR42 136 3.9 6.3 6.5 6.0 5.8 6.0 137 4.0 5.5 5.7 5.7 6.3 5.5 
IR54 113 4.0 6.1 6.7 6.6 6.1 6.1 122 5.1 6.1 6.9 6.7 6.5 5.4 
IR56 108 3.8 4.9 5.5 5.3 5.1 4.9 107 4.4 4.9 5.6 5.7 6.0 5.2 
IR9729-67-3 104 2.9 3.4 4.3 4.7 4.1 3.9 103 3.9 4.3 4.4 4.6 4.9 5.5 
IR9752-71-3-2(1R58) 
IR13423-10-2-3 

104 
113 

2.8 
3.6 

3.7 
5.5 

5.6 
6.2 

5.5 
6.4 

4.9 
6.7 

5.0 
6.1 

100 
-

2.6 
-

4.1 4.2 5.4 5.1 5.2 

IR13423-17-1-2-1 113 4.2 5.6 5.7 5.8 5.5 5.4 - -
IR13429-299-2-1-3-1 106 3.0 5.0 5.7 5.7 5.2 5.2 107 3.7 4.5 5.0 5.5 6.0 6.0 
IR13525-43-2-3-1-3-2 113 2.9 5.0 5.7 5.3 5.0 5.1 120 5.0 6.3 6.4 6.3 6.1 6.0 
IR15314-43-2-3-3 126 4.6 6.0 5.8 5.8 5.4 5.2 - -----

IR17494-32-1 .- 3-2 126 3.9 5.1 5.5 5.9 5.2 4.8 
IR19672-140-2-3-3-2 ---- - 130 4.3 5.2 5.7 5.8 5.0 5.7 
IR19672-155-2-1-1-3 - - ----- 130 3.5 4.8 5.1 5.6 5.2 4.6 
1R19728-9-3-2-3-3 104 3.0 4.2 5.4 6.0 5.5 5.3 -
IR21015-80-3-3-1-2 109 3.7 5.2 6.0 6.3 6.5 5.3 115 4.5 5.4 6.2 6.3 6.7 5.7 
IR22082-41-2 121 3.9 5.8 6.8 6.7 6.6 6.7 124 4.5 6.0 6.3 6.7 7.7 7.7 
IR25882-32-1-3 - - ----- 103 3.2 4.6 4.9 5.5 5.5 5.7 
IR25901-9-2-3 - - ----- 103 2.8 3.8 4.5 4.8 5.1 5.1 
IR25924-92-1-3 - - --- -- 103 2.9 4.4 4.6 5.3 5.3 4.9 
Peta 148 3.1 2.1 1.8 1.4 1.0 0.7 141 4.4 4.7 .3.0 2.7 2.6 2.5 

aEach treatment included 20 kg N/ha topdressed 5-7 DBPI in both seasons. 

Dgwg source as indicated by a wide range of The F2 population of Fukunishiki, a Japanese 
segregation for height. These accessions include: variety, crossed with IR36, showed few tall segre

" the Kalimonch Dwarf Mutant, a spontaneous gates, which could indicate that such a source may 
dwarf mutant from India, share a portion of the compound semidwarfing 

" M7, a selection from Calrose 76 ("dl")/CS- locus. 
M3 developed by the California Cooperative Eight semidwarfs not allelic to the sdl alleles 
Rice Research Foundation, University of Cali- included: D66 ("d2")and C19858 ("d&") from the 
fornia at Davis and the USDA, United States; Hoyoku and Kochihibiki from 

" C19649/C19722, Japan; P-3 Basmati Dwarf Mutant, Gora (NCS 
" Short Straw Dawn from the United States, 16), Shiranui/Gionchiew 61-54, and Synthetic Sa

and tiva from India. Their allelic relationship was 
" Fukunishiki. studied further. 
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Table 6. Yieldsof IR varieties and promising lines at five N levels (0-12 kg/ha) on rainfed farmsa IRRI, 1982 WS. 

Yield (t/ha)
Variety or line Maturity 

(d) 0 30 60 90 120 

IR36 110 3.0 3.4 3.1 3.8 3.2
 
IR42 131 2.7 3.2 3.2 3.0 2.9
 
IR46 121 3.9 3.9 4.2 3.6 3.9
 
IR52 117 2.6 0 3.0 3.1 2.6
 
IR9729-67-3 98 2.9 3.3 3.4 3.3 3.4
 
IR9752-71-3-2 (IR58) 98 2.9 3.3 3.4 3.6 3.5
 
IR15791-163-1 135 3.2 3.6 3.7 3.8 3.6
 
IR21015-80-3-3-1-2 117 4.1 3 .8 b 4.3 4.1 3.6
 
IR21820-154-3-2-2-3 121 3.0 4.4 3 .9 b 4.4 4.2
 
IR21848-65-3-2 121 2.5 3.5 3.7 4.1 3.1
 
IR22082-41-2 121 3.3 3.5 4.1 3.9 4.0
 
IR2586-124-3-3 106 1.6 2.3 1.9 2.6 3.0
 

N-mean 3.0 3.4 3.5 3.6 3.4 
aAv of three replications. Each treatment included 20 kg N/ha topdressed 5-7 DBPI. bRat damage. 

Table 7. Yields of IR varieties and promising lines at four N levels (0-120 kg/ha) in a farmer's rainfed field, Laguna, 
Philippinesa 1982 WS. 

Variety or line Maturity Yield (t/ha)
(d) 0 40 80 120 Mean 

IR36 104 1.9 2.3 3.8 2.9 2.7 
IR42 137 4.0 4.4 5.3 4.9 4.7 
IR46 116 4.0 4.8 5.4 5.7 5.0 
IR52 110 3.0 3.7 3.6 3.1 3.3 
IR21015-80-3-3-1-2 110 2.4 3.1 3.8 2.9 3.1 
IR21820-154-3-2-2-3 118 4.0 3.2 4.7 4.3 4.0 
IR22082-41-2 116 3.3 4.0 3.2 3.6 3.5 

Meanb 
3.2 3.6 4.2 3.9 3.8 

aAv of three replications. Each treatment included 20 kg N/ha topdressed 5-7 DBPl. 

bComparison LSD (5%) LSD (1%) 

2 N-means 0.68 1.02 
2 N-means at same or different variety 1.013 1.57 

Crosses between semidwarfs originating from with many transgressive segregants on the tall end. 
hidia produced a great majority of the semidwarfs Most of the F2 plants fell into the semidwarf class. 
in the F2. Some intermediate plants and a few tall The distribution did not conform to the expected 
plants were also found. The data indicate that they nine tall: seven semidwarf-dwarf ratio, which is 
probably have a common gene but different modi- based on the earlier U. S. report that the D66 
fiers. carried the d2 gene and C19858, c,1. 

The cross between two Japanese varieties (Ho- Crosses between a U.S. semidwarf and a Jap
yoku/ Kochihibiki) gave a unimodal distribution anese semidwarf (D66/Kochihibiki and C19858/ 
consisting mostly of short F2 plants within the Kochihibiki) produced many semidwarf F2 plants 
parental range and a small number of slightly taller within the parental range. The parents appeared to 
plants ;it the semidwarf class. The two varieties have the same major gene for semidwarfism. 
appear to have the same major gene for shortness A cross between an Indian semidwarfand a U.S. 
but differ in the modifiers. semidwarf (P-3 Basmati Dwarf mutant/C19858) 

However, a cross between two U.S. varieties showed a distinct segregation of very short and tall 
(D66/C19858) produced a unimodal distribution plants. 
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Some Indian workers had obtained semidwarf 
segregants by crossing two tall varieties. Baok, a 
tall traditional Indonesian variety, was crossed 
with GEB 24, MTU 15, and Mahsuri to test their 
findings. A few semidwarf segregants were ob
tained. Further testing is needed to confirm if the 
short F2 plants will breed true for short stature. 
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BREEDING PROGRAM study was established with food chemists at the 
Plant Breeding and Chemistry Departments USDA Western Regional Research Center 

More intermediate-amylose lines continue to be 
evaluated in the breeding program. Additional 
quality indices were needed to discriminate among 
the intermediate-amylose lines. 

Gel consistency as quality index. Although
originally developed in 1973 as an index of the rate 
of hardening of cooked high-:amylose rice, gel 
consistency (GC) could not distinguish between 
C4-63G and BPI-121-407, intermediate-amylose 
rices, despite the I-kg difference in cooked-rice 
hardness (Annual report for 1980). A follow-up 
study on 21 intermediate-amylose and 2 low-
amyloseelite linesfrom the 1982 DScropshoweda 
fairly wide range in properties. Cooked-rice hard-
ness (r = -0.60**, n = 23) and 12% paste Amylo-
graph corsistency (r =-0.67**,n= 22) were better 
correlated with GC than with amylose content 
(AC) (r = 0.56**, 0.51*). GC and AC were also 
negatively co-related (r = -0.63**, n = 23). 

When the two low-amylose samples were re-
moved from the correlation (n = 21), quality 
indices were no longer significantly correlated with 
cooked-rice hardness (Table 1). GC still correlated 
better with Amylograph consistency than AC, but 
alkali spreading value became significantly correla-
ted with Amylograph (r = 0.62**, n = 20) and gel (r
=-0.61"*,n= 21) consistencies. ACwas nolonger 
correlated with GC. GC and the alkali spreading 
value may be useful additions to AC as quality 
indicators among intermediate-amylose rices, 

Nature of rice aroma. Aromatic rices carry a 
price premium in tropical Asia. The chemical 
nature of the aroma principles of aromatic rices 
still needs elucidation. In late 1981, a cooperative 

(WRRC). Researchers are characterizing the aro
ma principles of selected rices and trying to develop 
an objective gas-chromatographic screening method 
that is rapid, reproducible, nat subject to satura
tion. and applicable to the IRRI rice breeding 
program. 

Brown-rice samples of aromatic rices were ob
tained from Indonesia, Japan, Pakistan, Philip
pines, and Thailand and shipped by air to WR RC. 
They were milled shortly before cooking. WRRC 
chemists identified and synthesized 2-acetyl-l
pyrroline, the characteristic odor in the steam 
volatile oils of cooked aromatic brown and milled 
rices. The higher concentration of 2-acetyl-l
pyrroline in brown rice than in milled rice suggested 
its higher level in bran-polish than in milled rice 
(Table 2). 1R841-76-1 had the same level of the 
compound as Khao Dawk Mali, one of its parents. 

The 2-acetyl-l-pyrroline ranged from 0.04 to 
0.09 ppm in cooked rice by dry basis in the eight
aromatic rices, but was only less than 0.01 ppm in 
the two nonaromatic rices (Table 2). Judges ranked 
the rices in terms of the characteristic aroma closely 
in the same order of 2-acetyl-l-pyrroline concen
tration (Tab'z 2). The sample with the highest 2
acetyl-l -pyrroline level was Malagkit Sungsong, a 
waxy rice known to have an aroma distinct from 
that of the seven nonwaxy aromatic rices in the 
test. Eixperiments are under way to determine the 
source of 2-acetyl-l-pyrroline and its level in 
uncooked rice, and to develop an effective screening 
method for it. 

2-acetyl-l-pyrroline belongs to the group of 
"cracker-like" odor compounds including 2-acetyl
1,4,5,6-tetrahydropyridine, 2-acetylpyrazine, and 

Table 1. Range of properties and correlation coefficients of 21 intermediate-amylose elite lines. IRRI, 1982 DS. 

Property 


Protein content (%) 

AC (%dry basis) 

Alkali spreading value 

GC (mm) 

Amylograph consistency (BU) 

Cooked-rice Instron hardness (kg) 


Correlation coefficient with 
Range of

values Amvlose 
Alkali

spreading GC 
12% paste

Amylograph 
Cooked-rice

Instron 
value consistencya hardness 

7.0- 11.1 
21.2- 23A 

3.2- 7.0 
36 - 64 

210 -380 

-0.72** 0.13 
0.36 

-027 
-0.10 
-0.61 

-0.25 
0.55* 
0.62** 
-0.66 °* 

0.24 
-0.14 
0.13 
-0.30 
-0.27 

5.2- 6.9 
an = 21, except for Amylograph consistency (n = 20). 

24 IRRI ANNUAl. REPORT FOR 1982 



Table 2. Concentration of 2-acetyl-1-pyrroline In cooked, 
rice of eight aromatic and two nonaromatic varieties and 
ranking of cooked milled-rice samples based on the de
crosing characteristic aroma. USDA Wtarn Regional 
Resarch Center and IRRI, 1982. 

Concn of 2-acetyl- Ranking by 
1-pyrrotine judges of 

Variety or line Ippm dry basis) cooked milled 
rice for 

Milled Brown characteristic 
rice rice aromas 

Malagkit Sungsong 0.09 0.02 1 

Milegrosa 0.07 2 
Khao Dawk Mali 105 0.07 0.2 3 
IR841-76-1 0.07 0.2 4 
Basmati 370 0.06 0.17 5 
Seratus Malam 0.06 6 
Azucena 0.04 0.16 7 
Hieri 0.04 0.1 8 
Labelle (check) 0.008 10 
Calrose (check) 0.006 9 

aGroups of two or three cooked-rice samples were pre-
sented to 21-23 judges and ranked in terms of the greatest 
characteristic aroma. Common samples were used so that 
comparisons could be overlapped and the whole set could 
be ranked in terms of aroma. 

2-acetyl-2-thiazoline (Fig. 1). Among them, 2-
acetyl-l-pyrroline, with a threshold of 0.1 ppm in 
water, seems the most potent. 

Milled-rice roperties oftheeightaromaticrices 
showed 6.8-9.3% protein, intermediate or low 
amyloso or waxy, low to intermediate gelatiniza-
tion temperature (GT) based (in alkali spreading 
value, and variable GC (Table 3). To give aroma to 
non"romatic rice, pandan (Pandanus amaryllifo-
lus or fragrant screw pine) leaves are added during 
cooking in the Philippines and other Asian coun-

3
 

2-oce'y--pyroline 
2-ocetyl-1,4,5,6 
tetrahydropyridine 

COCH
 S COCH3
 

2-ocetylpyozine 2-ocetyI-2-thozohve 

i. Stricture of "cracker-like" odor compounds. Western Re
gional Research Center, Berkeley, Cafif., and IRRI, 1982. 

tries. WRRC found that freeze-dried pandan leaves 
contain 2-acetyl-l-pyrroline as a principal volatile 

constituent. 

POSTHARVEST QUALITY 
Cheinistry Depa-rtnent 

Factors affecting milling quality. Milling quality is 
usually measured as the percentage recovery of 
total milled rice and head (whole-grain) rice from 
rough rice using a standard McGill mill. Correla
tion analyses were continued for the elite lines in 
the Agronomy yield trials for the 1981 WS and the 
1982 DS. As expected, the percentage of hulls and 
total milled rice yield were negatively correlated for 
both crops(r = -0.90** WS,n= 15andr= -0.85** 

Table 3. Physicochemical properties of milled rice from aromatic or scented brown rices sent to the USDA Western 
Regional Research Center, Berkeley, California. IRRI, 1982. 

Variety or Source and 


line name crop year 

Azucena Philippines 1981 
Basmati 370 Pakistan 1981 
Hieri Japan 1981 
IR841-76-1a IRRI 1981 
Khao Dawk Mali 105 Thailand 1981 
Malblkit Sungsong Philippines 1982 
Milagrasa Philippines 1981 
Seratus Malam Indonesia 1981 

aPeta3 ITaichung Native l//Khao Dawk Mali 105. 

Protein 

(%at 12% H2 0) 

7.6 
6.8 
7.6 
8.6 
7.7 
9.3 
6.9 
8.7 

GENETIC EVALUATION 

Milled-rice property 

Amylose Alkali GC 
(% dry basis) spreading value (mm) 

23.2 5.1 50 
23.2 6.6 47 
20.3 4.7 88 
19.2 7.0 83 
14.5 7.0 60 
1.2 7.0 74 

23.2 4.7 49 
23.0 6.0 38 
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DS, n = 14). Total milled rice yield and degree of 
trilling also were negatively correlated (r= 0.92** 
WS and -0.78"* DS). Head rice yield correlated 
positively with rough rice Instron bending hardness 
(r= 0.50* WS and 0.64* DS) but not with brown-rice hardness. The selection of grain samples for the 
richardness Thes elrobay w samor s fora e 
hardness test probably was more objective forand 
rough rice than for brown rice because the physical 
features of the brown rice are hidden in rough rice. 
Milled-rice whiteness (Kett meter) was not con-
sistently correlated with any of these millingquality 
indicators. 

In field samples subjected to grain stresses 
during postharvest operations, grain fissuring or 
cracking before milling may be a more importa'at 
factor than grain hardness alone. This may be 
revealed better by the bending hardness test than 
by the cracking hardness test used in 1981. 

Among 12 Thai floating rices tested at IRRI, 
total milled-rice yield correlated negatively with 
percentage hull (r = -0.87**) and degree of milling 
(r = -0.75**) and positively with brown-rice bend-
ing hardness (r = 0.61*). Head rice yield and 
whiteness of milled rice were not significantly 
correlated with any ofthe properties tested. Rough 
rice and brown rice bending hardness values were 
correlated positively (r = 0.83**) and both corre-
lated negatively with degree of milling (r= -0.72"*). 

VARIETY PREFERENCE 

Chemistry Department 

Country samples. Grain samples from 10 countries 
were obe fo out ine i fraiquality (Table 4). Two long-grained rices from 
Australia had intermediate AC, intermediate or 

soft GC. Wetland and dryland
selections from Burma differed in starch properties. 
Samples from China differed widely in properties, 
with indica samples having higher AC and higher 
values for cooked-rice hardness than japonica 

.samples.Two japonica waxy rices had the softest 
cc ,,ed rice (hardness values of 4.4 and 4.7 kg). 
One hybrid each of indica and japonica rice had 
grain with properties similar to those of normal 
rice. Rices from India were high in AC, but a 
greater proportion had low GT and hard GC than 
before. 

The Italian rices had a narrow AC range (19
22%) and none approached the AC (24-25%) and 
hard GC of the variety Raffaello. Japanese rices 
also had a 19-22% AC range and the analysis did 
not show the better quality of Sasanishiki. West 
African rices differed widely in starch properties. 
Rices differing in eating quality from Sabah, 
Malaysia, had high and intermediate AC. The 
three intermediate-amylose rices had good grain 
properties; two of the three high-amylose rices had 

Table 4. Range of milled.rice properties of country samples. IRRI, 1982. 

Cooked-rice 
Source Sample no. Protein (%) ACR GTb GCc hardness1 

(kg) 

Australia 2 5.6-7.6 I I, L S 5.3-5.9 
Burma 10 5.7-11.0 H, I>L 1, L>HI M, H>S 4.9-8.4 
China indica 13 7.2-13.0 H>I, L I>L H>M 6.6-8.6 

japonica 13 6.6-9.7 L>I>Wx L>I, HI S>M 4.0-7.0 
India 8 5.7-9.0 H L>I H>S>M 7.1-9.6 
Italy 8 - I>L L S>M 3.2-6.2 
Japan 5 5A-7.2 I>L L M>S 4.7-58 
Liberia (WARDA) 9 5.-9.3 H>I>L I>L>H S, M>H 5.8-8.0 
Malaysia-Sabah 10 58-"82 H>I L>I>HI M>H 5.1-8.2 
Malaysia-Sarawak 7 5.1-8A H>L>l I>L, HI M, S, H 4.3-7.0 
Nepal 3 6.5-7.6 H, L I S 6.6-7.0 
Philippines 10 - H>I, Wx I>H S>H 5.2-8.9 
Thailand. RD series 12 5.9-11.2 H>I, L, Wx L>I H, M,S 3.7-8A 
Thailand - floating rices 10 - H>Wx I>L H>S>M 

aAmylose content: H = high, >25%; I intermediate, 20-25%; L = low, 10-20%; and Wx = waxy, 1-2%. bGelatinization 

temperature based on alkali spreading value: L = low, 6-7; I = intermediate, 4-5; HI - high intermediate, 3; and H 

high, 2. CGeI consistency: S = soft, 61-100 mm; M - medium, 41-60 mm; and H = hard, 27-40 mm. dCell area of 6.5 
2cm . 
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good quality, but hard GC. Samples from Sarawak, 
Malaysia, although having good quality also dif-

fered widely in grain properties. All three Nepalese 

popping rices had high AC, intermediate GT, and 
soft GC. 

Philippine selections from the Maligaya Rice 
Researc znd Training Center, Muioz, Nueva 
Ecija, except one intermediate-amylose and one 
waxy sample, had predominantly high AC. There 
were three high-AC samples with low GT and hard 
GC, and they had higher cooked-rice hardness 
than the others. The Thai Rice Division (RD) 
varieties had predominantly high AC, low GT, and 
variable GC. Waxy and low-AC samples had lower 
cooked-rice hardness values than high- and inter-
mediate-AC samples. Among the floating rices, all 
had high AC (except one waxy rice), mainly 
intermediate GT, and variable GC. 

FACTORS AFFECTING COOKED-RICE QUALITY 

Chemistry Department 

Water solubles complexing with starch gel. In the 
starch complexing test using defatted IR29 (waxy) 
starch, fatty acids such as palmitic acid complexed 
with and hardened the starch gel in water (Annual 
report for 1980). Recent studies elsewhere reported 
that potato amylopectin did not complex with 
palmitic acid at 800 C on the basis of gel viscosity, 
To resolve this apparent contradiction, gel viscosity 
of potato amylopeciin and two waxy rice starches 
(98-99% amylopectin in water without and with 
palmitic acid) were measured at 200 and 80'C. 
Results confirmed that, although potato amylo-
pectin has very low gel viscosity even with palmitic 
acid added, waxy rice starch complexed with 
palmitic acid with an increase of viscosity even at 
800 C (Table 5). 

A survey of the complexing ability on IR29 
starch by commercially available gums revealed 
hardening by guar gum, gum tragacanth, gum 
karaya, locus-bean gum, and tamarind-seed poly-
saccharide; slight hardening by pectin and gum 
ghatti; no effect from gum arabic ex acacia tree and 
sodium carboxymethyl cellulose; and softening by 
polygalacturonic acid. Most gums hardened rice 
amylopectin gels at 1-2 mg/ 100 mg IR29 starch in 
1.6 ml of water. 

Table 5. Effect of palmitic acid on gel viscosity of potato 
amylopectin and waxy rice starch at 200 and 800 C.IRRI,
1982.1982. 

Gel viscosity (cps) 
Amylopec.ns 200C 600C 

Control P.A.b Control P.A.b 

Potato 13 13 6 6 
Niaw San Pahtawng 96 128 38 46 
Sefiorita 253 349 125 141 
a150 mg in 1.6 ml water. b 1mg palmitic acid added. 

Water solubles during cooking. Further study 
was made of the materials that leach out in the 
cooking water of. C4-63G and IR32 milled rice. 
Both were previously washed with cold water 
before cooking. The cooking water was freeze
dried and extracted with petroleum ether and hot 
80% ethanol; part of the residue was destarched 
with glucoamylase. Addition of 1-2 ing of the 
various fractions to 100 mg IR29 defatted starch in 
the modified aqueous GC test (Annual report for 
1980) demonstrated that the petroleum ether frac
tion complexed best with amylopectin, followed by 
the residue (starch, protein, and nonstarch poly
saccharides), and the 80% ethanol (polar lipids and 
sugars) fractions. The destarched residue com
plexed less with amylopectin than the whole 
residue, suggesting that amylose (45-68%) was 
mainly responsible for complexing with amylopec
tin in this fraction. 

Chloroform-soluble lipids removed from eight 
milled rices daring washing with water ranged 
from 0.13 to 0.37% by weight; 0.;3-0.27% were 
subsequently extracted during cooking. The lipids 
in the petroleum ether and hot 80% ethanol 
fraction of hot-water solubles of the eight rices 
were analyzed by thin-layer chromatography. The 
petroleum ether fraction had mainly nonpolar 
lipids (free fatty acids, diglycerides, and trigly
cerides). The 80% ethanol extract had, in addition 
to the nonpolar lipids, phospholipids (lysophos
phatidyl choline, lysophosphatidyl ethanolamine, 
and phosphatidyl choline) and glycolipids (mono
galactosyl and digalactosyl diglyceride.). The chlo
roform-soluble lipid fraction of the 1K,0% ethanol 
extract ranged from 30 to 100% of the extract. 
Sucrose and maltose were the main sugars in the 
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80% ethanol fraction. The residue was mainly 
starch witfl very little nonstarch polysaccharides 
and protein. 

Bran, germ, and hull polysaccharides. Cold 
water- and hot water-soluble material from pre-
viously prepared 1R32 bran and germ cell walls and 
from IR29 and IR32 hulls was about I%by weight. 
These water-soluble fractions hardened 1R29 starch 
gel in water although the whole bran and germ cell 
wall preparation softened the starch gel. Cold-
water bran extracts were richer in arabinose and 
galactose, but poorer in glucose than the hot-water 
extracts. The major sugars were arabinose, galac-
tose, glucose, and xylose. The extracts also con-
tained 4-7% uronic acid. 

Solubility fractionation of rice hulls showed the 
major fraction to be the residue insoluble in 6 M 
NaOH, 50% in IR29 and 55% in IR32 hulls. The 
other major fractions wcre the alkali-soluble frac-
tions: 12% in 0.5 M KOH, 19-21% in 4.27 M KOH, 
and 11-13% in 6 M NaOH. Together these consti-
tuted 95-96% of the hull dry weight. The major 
sugars of the rice hull polysaccharides were 61-62% 
glucose, 28-30% xylose, and 4-5% arabinose. 

ICC study group 21-11. The International Asso-
ciation for Cereal Chemistry(ICC) Working Group 
21-Il "Test Methods for Rice-Cooking Properties" 
undertook four cooperative ring tests based on the 
1981 survey of cooking methods. The objective was 
to rationalize the various methods scientists use for 
assessing cooking properties of rice. 

The first test invo!ved the texture measuremen. 
for five rice samples cooked to the same water 

content of 75% wet basis. Cooking was either in 
excess or in the measured amount of cooking 
water. The samples included one waxy, one low
amylose, one intermediate-amylose, and two high
amylose (one soft- and one hard-GC) rices. Coop
erators used taste panels or instruments to measure 
cooked-rice hardness and stickiness. 

The second test used the same five samples but 
compared using one to three grains with using bulk 
samples of cooked rice for measuring hardness and 
stickiness. 

The third test dealt with measuring the tendency 
of some rices, such as Basmati and Sadri varieties, 
to elongate during cooking. The major sources of 
variation are difficulty in reproducing the boiling 
time, particularly for samples immersed in cold 
water in test tubes and the curling tendency of 
overcooked grains. Some analysts cooked the 
grains for a minimum time or until the center 
became translucent. The proposed common meth
od used 30-min presoaking in cold water, a sample 
container with a perforated bottom to allow 
drainage of the soaking water and instantaneous 
entry of boiling water, and a fixed boiling time of 
10 min. Presoaking reduced the cooking time and 
the short boiling time prevented overcooking and 
grain curling. Boiling the grains for 10 min was 
reproducible because the cold soaking water was 
excluded from the cooking step. The five rices were 
ranked similarly by 17 cooperators, but the range 
in values was wide - probably reflecting differ
ences in actual boiling water temperature ordegree 
of cooking (Table 6). Nine cooperators found that 

Table 6. Range of mean elongation ratio and of elongation index during 10-min cooking of 10 presoaked milled grains 
of five rice varieties in tests conducted by 17 participants in the International Association for Cereal Chemistry (ICC) 
Working Group 2111, Study C, "Grain elongation during cooking." IRRI, 1982. 

Elongation ratioa Elongation indexb 
Variety 

Range Overall Range Ovrall 
of mean mean of mean mean 

Basmati 370 1.71 -2A1 2.15 1.15-1.89 1.63 
Dumzard 1.53-2.09 1.82 1.14-1.66 1.37 
Labelle (check) 1.38.1.74 1.57 0.98-1.18 1.08 
Milyang 49 1.54-2.04 1.79 1.12-1.48 1.32 
Nga Kywe (D25-4) 1.94 -2A8 2.25 1.44-2.18 1.82 

Mean 1.38 - 2A8 1.92 0.98-2.18 1.42 

aLength of cooked grain/length of raw grain. Nga Kywe had the highest value for 13 cooperators and Basmati 370 for 4 
cooperators. bLength/width of cooked grain - length/width of raw grain. Nga Kywe had the highest value for 15 co
operators and Basmati 370 for 2 cooperators. 

28 IRRI ANNUAL REPORT FOR 1982 

http:0.98-2.18
http:1.44-2.18
http:1.12-1.48
http:1.54-2.04
http:0.98-1.18
http:1.38.1.74
http:1.14-1.66
http:1.53-2.09
http:1.15-1.89


the proposed method generally showed a wider 
spread ofvalues among the samples than their own 
laboratory method. 

The greatest variation was shown in the Amylo-
graph test on four aged, milled-rice flours. Ten 
cooperators, using IRRI-ground flour and labora-
tory-ground flour from milled rice, found that the 
biggest source of variation was the Amylograph 
instrument. Four cooperators, who estimated GT 
using a 20% paste based on the temperature of 
initial increase of paste viscosity in the Amylo-
graph, obtained similar GT values. A fifth cooper-
ator used a 350-cm-g instead of the 700-cm-g 
sensitivity cartridge. 

Correlation ofstarch and milled-rice properties. 
Correlation analysis was done for properties of 
milled rice and starch and starch fractions of 8 
waxy and 27 nonwaxy (8 low-amylose, 12 inter-
mediate-amylose, and 7 high-amylose) rices differ-
ing in GT. 

Among waxy samples, the sedimentation coeffi-
cient S20,. of amylopectin was significantly corre-
lated with GT (r = 0.80*, n = 8) and with milled-
rice neutral gel consistency in potassium acetate 
(r = -0.85*, n =7). Surprisingly, the neutral GC in 
potassium acetate and in the water of 200 mg 
milled rice in 2-ml solvent were negatively corre-
lated(r:-0.89**,n= 7). However, the neutral GC 
of milled rice was positively correlated with GC of 
starch in water at 150 mg (r= 0.86*, n = 7) and 
200 mg/ 2 ml H20 (r= 0.90**, n = 7). Cooked-rice 
Instron hardness and stickiness values were nega-
tively correlated (r= -0.85**,n = 8). Cooked-rice 
Instron hardness correlated negatively with aqueous 
GC of amylopectin at 115 mg (r= -0.94**, n = 8) 
and 165 mg/2 n i H20 (r= -0.90"*, n = 7). GT and 
cooked-rice stickiness were significantly correlated 
(r= -0.79*, n = 8). Starch amylograph consistency 
was negatively correlated with starch GC of 200 
mg/2 ml H20 (r = -0.87*, n = 6). 

Among nonwaxy samples, the correlations were 
not as high, probably because of the wide range of 
AC. The GC of milled rice in 0.2 M KOH 
correlated with starch Amylograph consistency (r 
=-0.60*,n= 16)and setback(r=-0.54*,n= 16). 
However, the reverse was true with GC of starch in 
water, as it correlated with starch Amylograph 
consistency (r = -0.66"*, n = 16) and setback 
(r=-0.50*, n 16). Amylopectin GC in water 

(165 mg/2 ml) was also negatively correlated with 
,starch Amylograph consistency (r = -0.69" n 

-= 15) and positively correlated with GC of starch 
in water (r = 0.4 1*, n = 25) and of milled rice in 0.2 
M KOH(r=0.55*,n=25)andwater(r=0.45*,n 
= 20). The amylopectin $20 value was positively 
correlated with starch Amylograph peak viscosity 
(r = 0.73**, n = 16) and negatively with Amylo
graph setback (r = -0.65"*, n = 16). AC was 
significantly correlated with cooked-rice stic! iness 
(r = -0.48*, n = 27) but not with hardness (r = 
0.11). 

Properties of high-amylose starch. Earlier stud
ies have shown that differences in cooked-rice 
texture among high-amylose milled rices were 
attributable to the starch fraction. Rices that are 
hard after cooking (IR8 and IR42) have a higher 
Amylograph setbacL and cold paste viscosity than 
rices that are soft ater cooking (IR5 and IR32). 
Some high-amylose rices (IR36) have intermediate 
properties and medium GC. 

Detailed studies were made of the properties of 
the dodecyl benzene sulfonate (DoBS)-prepared 
starches of IR32 (soft GC), 1R36 (medium GC), 
and IR42 (hard GC). Amylograph runs of 9% 
pastes confirmed the characteristic pasting proper
ties for each type. IR42 had almost no drop in 
viscosity during cooking at 95'C and had the 
highest cooled-paste viscosity (Fig. 2). IR32 and 
IR36 showed the expected greater breakdown or 
drop in viscosity on cooking, and lower cold paste 
viscosity than 1R42, proportionate to their GC 
ratings. Also, IR42 achieved peak viscosity at a 
higher temperature (91 C) than the other starches 
(84.5' and 85.5' C), although it started gelatinizing 
at a lower temperature. 

Alkali viscograms of 2.0% starch also showed 
highest peak viscosity for IR42 and lowest for IR32 
as predicted from GC (Fig. 2). Alkali (KOH) molar
ity for gelatinization was lowest for IR42 and 
followed closely the photometric GT of the starches. 
GC values of starch in 0.2 M KOH for IR32, IR36, 
ar.d IR42were 100,97,and65mmat 100mg/2ml; 
(V8, 79, and 34 mm at 120 mg/ 2 ml; and 73, 33, and 
28 mm at 135 mg/2 ml. Corresponding gel vis
cosity values again denote the IR42 starch to be 
more viscous than IR32 and IR36 starches. 

Earlier studies have shown that soft-GC, high-
AC rices leach out more amylopectin and amylose 
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2. Comparative Amylograph viscosity and alkali viscograph 
curves of IR32 (soft gel). IR36 (medium gel), and IR42 (hard
gel) high-amylose starches. IRRI, 1982. 

during cooking 	 than hard-GC, high-AC rices, 

Extraction at 750Cand then at980 Cfrom thethree 

starches in water resulted in a better leaching of 

amylose and amylopectin in IR32 even at 75°C 

than in IR36 and 1R42. At 98 0 C, the additional 

starch leached out was also highest in IR32, but 

was slightly higher inIR36 than inIR42 starch. 

The three starch samples had similar lipid contents 
(0.9-1.0%). The starch extracted at 750 C was richer 
in amylose (82-90%) than that subsequently ex-
tracted at 980 C (66-76%) on the basis of iodine blue 
value. 

A study of the amylose and amylopectin frac-
tions of the starches showed amylose degree of 
polymerization of 831 glucose units for 1R42, 763 

for IR36, and 1,210 for IR32. The respectiv;e GC 
values of amylopectins for IR42, IR46, and IR32 
were 55, 82, and 81 mm at 115 mg/2 ml 0.2 M 
KOH, and 29, 59, and 75 mm at 165 mg/2 ml 

GC values for 	amylopectin weresolvent. The 
consistent with the relative GC values for the starch 
and milled rice. Amyloses were confirmed to 

con-contribute much less to gel viscosity and 

sistency than amylopectin. 
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Differential scaniing calorimetry of rice starch. 

Differenttal scanning calorimetry (DSC) of cereal 

starches has shown the presence of another endo
therm at 950-105'C representing amylose-lipid 
complex melting, in addition to the gelatinization 
endotherm. A cooperative study was undertaken 
to determine the extent of variation in gelatiniza
tion enthalpy among rice starches differing in AC 

photometric GT. Eight starches prepared by 

DoBS extraction of protein from milled-rice flour
 

showed a range of gelatinization enthalpy of 11.3 
to 17.3 J/g at starch:water of 1:4 dry basis (Table7). Starch GT correlated positively with gelatinization enthalpy (r = 0.94**) and onset, maximum, 

and completion 	 temperatures of DSC gelatiniza
tion (r = 0.98** to 1.00**), but only completion 

temperature was significantly correlated with AC 
(r = -0.85*). Typical DSC curves are represented in 
Figure 3. 

Heat of cooking was estimated from total 
enthalpy from 200 to 100'C and overlapped 
between the GT classes (Table 7, r = -0.4 1n,). Heat 
of cooking correlated negatively with AC (r = 
-0.76*), but may not be significantly different 
among the samples. Gelatinization enthalpy was 

just about 1% of the heat of cooking. 
The reversible enthalpy peak at 95°-105o C was 

not distinct, particularly in the waxy starch sam

pies. Because DoBS is known to partially defat rice 

Table 7. Range of properties and differential scanning 
calorimetry (DSC) data of eight dodecyl benzene sulfo
nate-prepared rice starches differing in AC and photo
metric GT. Flour Milling and Baking Research Associa

tion, Chorleywood, UK, and IRRI, 1982. 

Low GT Intermediate-

Property (n=4) high GT (n = 4) 

Final photometric 63.0-66.0 73.0-76.0
 
GT (0C)
 

Apparent amylose 1.7-30.2 1.7-30.3
 
(%dry basis)
 

Starch lipids 0.2-0.9 0.1-0.9 
(%dry basis) 

DSC data 

Gelatilization 11.3-12.9 13.3-17.3
 
enthalpy (J/g)
 

Gelatinization temp. (00)

To 56.0-59.0 67.0-71.0
 

Tm 63.1-67.5 74.2-78.4
 
Tc 71.0-79.0 81.0-85.0
 

Heat of cooking (J/g) 1405.0-1563.0 1432.0-1501.0
 

aStarch:water 1:4 (dry basis). 
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3. Representative differential scanning calorimetry thermo-

grams of rice starches. Flour Miliing and Baking Research 

Association, Chorleywood, UK, and IRRI, 1982. 

starch, starch prepared by pronase (alkaline pro
tease) treatment of milled rice of IR480-5-9 and 
IR5 were also run on DSC. The pronase-prepared 
starches had higher enthalpy values than DoBS
prepared starch (Fig. 3). Addition of lysolecithin to 
the rice starch resulted in enthalpy endotherm at 
105' C (Fig. 3), suggesting that the rice starch-lipid 
complex did not involve lysolecithin, but probably 
free fatty acids, which have been reported to form 
an amylose complex that melts at about 950 C. 

A comparison of the lipids soluble in cold water
and hot water-saturated butanol (WSB) from rice 
starch prepared by DoBS and pronase treatments 
of milled rice showed generally higher levels for 
pronase-ptfpared starch. Lipids soluble in cold 
WSB ranged from 0.20 to 0.94%, and 0.04-0.71% 
in hot WSB (total 0.24-1.65%) for pronase-prepared 
starch. Nonwaxy starches had more lipids than 
waxy starches; intermediate-amylose rices also 
tended to have the highest lipid content. For 
DoBS-prepared starches from the same eight 
samples, cold WSB lipids ranged from 0.03 to 

0.44% and hot WSB lipids, from 0.06 to 0.43% 
(total 0.10 to 0.82%). Method of preparation hadlittle effect on photometric GT and alkali viscogram 

m triof the starcheslit ion 
gelatinization molarity of the starches.
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A NEW STRAIN OF RICE GRASSY STUNT VIRUS MULTIPLE DISEASE RESISTANCE 

A new strain of grassy stunt virus designated 
RGSV 2 was identified in the Philippines. Aside 
from causing tungro-like symptoms in the field, 
RGSV 2 differs from RGSV I in its pathogenicity 
to rice varieties. Ori'za ni'vara, which is very 
resistant to RGSV 1, is susceptible to RGSV 2 
(Table i). Consequently, IR varieties with 0. 
nivaragenes for resistance to RGSV I tested in the 
greenhouse were all susceptible to RGSV 2 (Table 
2). Non-IR varieties, which are resistant to ragged 
stunt (RRSV) and tungro (RTV), were also sus-
ceptible to the new strain (Table 3). Screening for 
RGSV 2 resistance is continuing, 

Table 1. Reaction of Oryza nivara to RGSV 1 and RGSV 
2. IRRI, 1982. 

Infection M 
Trial 


RGSV 1 RGSV 2 


I8 0.0 (0/10) 100.0 (14/14) 

118 0.0 (0/11) 82.0 ( 9/11) 
Ill b 2.4 (2/84) 93.5 (29/31) 

6Inoculated at 3 wk of age using 15-20 insects/seedling. 
blnoculated using the mass screening method for RGSV. 

Ninety GEU elite lines and IR varieties were 
eva'uated for reaction to 13 rice diseases (Table 4). 
Some lines were highly resistant to from one to 
four diseases. IR25865-124-3-3 was susceptible 
only to helminthosporium leaf spot (HLS); 
IR18348-36-3-3, IR19661-131-1-3-1-3, IR21820
154-3-2-2-3, IR25572-87-3-3, IR25588-7-3-l, and 
IR25863-8-2-3 were susceptible only to blast and 
HLS. 

IR 13427-40-2-3-3-3 was susceptible to HLS and 
RTV, IR19728-9-3-2-3-3 to blast and leaf scald, 
and IR19743-46-2-3-3-2 to HLS and narrow brown 
leaf spot. 

Eighty GEU elite lines and IR-named varieties 
were evaluated for reaction to bakanae, leaf scald, 
and stem rot. The seed-soaking method of inocula
tion was -. d 'or bakanae. Reaction was evaluated 

on the iasis of percentage seedling infection. Of the 
entries tested, 23.8% were resistant, 61.3% inter
mediate, and 15.0% susceptible. IR8, IR43, 1R52, 

IR8073-65-6-1, and IR8192-200-3-3-1-1 showed 
resistant reactions. IR42, 1R5420-I.1-2, IR9764
45-2-2, IR15496-219-2-3-2, and IR19762-2-3-3 

showed susceptible reaction. 
Seventy-seven entries from GEU elite lines were 

Table 2. Reaction of IR varieties to RGSV 1and RGSV 2. IRRI, 1982. 

RGSV 2bRGSV 18 

Variety No. infected Infection No. infected Infection 

No. inoculatedNo. inoculated 

IR28 127/380 3::.4 72/83 86.8 
IR29 48/183 26.2 66/73 90.4 
IR30 81/309 26.2 64/77 83.1 
IR32 156/548 28.5 78/87 89.7 
IR34 101/489 20.7 59/65 90.8 
IR36 1546/4467 34.6 87/97 89.7 
IR38 73/367 19.9 65/75 86.7 
IR40 57/308 18.5 49/58 84.5 
IR42 1363/4225 32.3 183/191 95.8 
IR43 37/203 18.2 53/64 82.8 
IR44 72/388 18.6 81/94 86.2 
IR45 16/175 9.1 82/85 96.5 
IR48 114/587 19.4 78/87 89.7 
IR48 35/342 10.2 67/77 87.0 
IRSO 91/560 16.3 81/92 88.0 
IR52 27/264 10.2 69/75 92.0 
IR54 3/41 7.3 69/72 95. 

'Combined data for RGSV screening for 1980 and 1981.bTotal of two trials (two repUcations/trial). 
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Table 3. Reaction of RRSV and RTV.reslstant varieties to RGSV 2. IRRI, 1982. 

Plants inoculated (no.) Infection 

Accession no. Variety Plants infected (no.)(% (%) 

RRS1V-resistait variety 
11052 Ptb 18 135/145 93.1 
12072 
16195 

Murungakayan 101 B 
Hathili 

132/155 
133/166 

85.2 
80.1 

15224 Balaratawee 128/199 64.3 

15219 Mawee 202/241 83.8 

15200 
.2075 

Hathili 
Hondarawala 502 

164/199 
15/22 

82.4 
68.2 

RTV-reslstant variety Pankhari 203 134/138 97.1 
Habiganj DW8 
Gam Pal 

83/85 
43/43 

97.6 
100.0 

Kataribhog 25/25 100.0 

Table 4. Disease reactions of GEU elite lines and I R varieties. IRRI, 1982. 

Diseasea reactionb 

BL LS StR BK ShB HLS ShR NBLS BLB BLS RTV GSV RSV 

IR8 
IR20 
IR36 
IR42 
IR43 
IR46 
IR50 
IR52 

S 
S 
S 
S 
S 
S 
S 
S 

S 
R 
S 
I 
R 
R 
S 
S 

I 
I 
I 
I 
I 
I 
I 
I 

R 
R-S 
R-I 
R-S 

R 
R-I 
I-S 

R 

I 
I 
I 
I 
S 
I 
I 
I 

I 
I 
S 
! 
S 
S 
S 
I 

I 
I 

I-S 
I-S 
S 
S 
S 
S 

I 
S 

R-1 
R-I 

I 
I 
I 
I 

S 
I 
I 
I 
I 
S 
S 
I 

I 
I 
R 
I 
R 
I 
S 
I 

S 
S 
S 
S 
S 
S 
I 
I 

-
-
R 
R 
-
R 
R 
R 

S 
S 
S 
S 
S 
S 
S 
S 

IR54 S I I R-1 I S I-S I-S I I I R I 

IR56 
Peta 

R 
S 

I 
I 

I 
I 

I 
I 

I 
I 

S 
-

S 
S 

R 
R 

S 
S 

I 
-

S 
I 

R 
-

S 
S 

IR3839-1 
IR3858-6 
;R3880-29 
IR5420-1-1-2 
IR5440-1-1-3 

S 
S 
S 
S 
S 

S 
S 
S 
S 
S 

I 
I 
S 
S 
I 

I 
R-I 
-

R-S 
I 

I 
I 
I 
I 
I 

S 
S 
S 
S 
S 

I-S 
I 
S 
I-S 
S 

I 
R 
R 

R-I 
R 

I 
S 
S 
I 
S 

R 
-
R 
-
-

S 
S 
S 
S 
S 

R 
-
R 
R 
I 

S 
S 
I 
S 
S 

IR5873-20-1 .. 
IR5929-12-3 
IR5931-110-1 
IR6023-10-1-1 
IR6115-1-1-1 
IR7835-28-2-3 
IR8192-200-3-3-1-1 
IR8455-78-1-3-3 
IR9129-209-2-2-2-3 
IR9217-68-2-2 
IR9729-67-3 
IR9752-71-3-2 
IR10011-16-3 
IR10068-11-1 
IR10068-id-2 
IR13146-41-3 
IR13149-3-2-2 
IR13149-19-1 
IR13149-23-2 

I 
R 
R-I 
R-S 
R 
S 
S 
S 
S 
S 
I-S 
R 
R 
I 
S 
S 
S 
S 

. 
S 
R 
R 
-
-
R 
-
I 
R 
R 
R 
-
-
-
I 
I 
R 
S 

. 
I 
I 
I 
-
-
I 
-
-
-
-
-
-
-
-
S 
-
-
-

.. 
S 
S 
I 

R-1 
-
R 

-
I 
R 

R-S 
R-1 
-

R-S 
I 

R-1 
R-1 
R-S 
R 

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

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

R-S 
S 
S 
S 
S 
S 
S 

. 
I-S 
S 

I-S 
I-S 
S 
I 
S 
I 
I 

I-S 
R-S 
I-S 
S 
S 
S 
I 
S 
S 

.. 
R-S 

I 
R-I 
R-S 
R 
I 
1 
I 
I 
I 
I 

R-I 
I 

R 
I 
I 
I 
I 

I 
S 
S 
S 
S 
S 
3 
I 
S 
I 
I 
I 
S 
S 
I 
I 
S 
3 

. 
R 
I 
R 
R 
I 
-
I 
-
I 
R 
R 
I 
R 
I 
I 
I 
I 
I 

. 
I 
S 
S 
S 
S 
I 
I 
S 
I 
I 
I 
S 
-
-
-
-
-
S 

. 
R 
R 
R 
R 
R 
-
R 
-

I 
R 
R 
-
-

-

-

-

-

I 

. 
S 
S 
I-S 
S 
S 
S 
I 
S 
I 
I-S 
I-S 
S 
-

-

-

-

-

S 

Continued on next page 
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Tabl, 4 continued 

Diseasea reactionb 

BL LS StR BK ShB HLS ShR NBLS BLB BLS RTV GSV RSV 

IR13149-71-3-2 
I1R13240-82-2-3-2-3-1 
IR13365-253.3-2 

S 
S 
S 

S 
S 
I 

I 
-
I 

R-I 
R-1 
R 

I 
I 
I 

S 
S 
S 

I 
I 
I 

S 
I 
I 

I 
I 
I 

I 
-

I 

S 
S 
S 

R 
-

I 

I 
I 
I 

IR13423-10-2-3 S S - R-I I S I I - - S - S 
IR13423-17-1-2-1 
IR13426-19-2 
IR13427-40-2-3-3-3-3 
IR13429-109-2-2-1 
IR 13429-299-2-1-3-1 
IR13525-43-2-3-1-3-2 

S 
S 
R 
I 
S 
S 

I 
R 
R 
I 
R 
R 

-
I 
-

-

I 
S 

R-I 
R-I 
I 
I 

R-I 
R-I 

I 
I 

I 
I 

S 
S 
S 
S 
S 
S 

I 

I 
I 

R-S 
I 

I 
I 
R 
I 
I 
I 

I 
I 
S 
I 
I 

-

I 
-

-

R 
I 

S 
S 
S 
S 
S 
S 

-

I 
-

-

I 
R 

I 
I 
R 
R 
I 
I 

IR13540-56-3-2-1 
;R14632-22-3 

S 
S 

S 
S 

S 
S 

-
R-I 

I 
I 

I-S 
S 

I 
S 

I 
R 

I 
I 

R 
S 

I-S 
S 

R 
I 

R-S 
-

IR14753-120-3 
1R15314-30-3-1-3 
IR15314-43-2-3-3 
IR14791-163-1-3 
IR17488-2-3-2 
IR 17494-32-1-1-3-2 
IR18348-36-3-3 
IR18349-53-1-3-1-3 
IR19058-107-1 

S 
S 
S 
S 
R 
S 
S 
S 
S 

I 
I 
I 
-
S 
S 
-
-
-

I 
-
I 
I 
-
I 
I 

I 

R-I 
R-S 
R-I 
-

R-I 
R-I 
R 
R 
-

I 
I 
I 
I 
I 
I 
I 
I 
I 

S 
S 
S 
S 
S 
S 
S 
S 
S 

I 
S 

I-S 
I 
S 
I-S 
I 
S 

I-S 

S 
I 
I 
I 
I 

I-S 
I 
I 
R 

I 
I 
I 
I 
I 
I 
R 
I 
I 

I 
-

I 
I 
-

I 
I 
-

I 

S 
I 
S 
S 
S 
S 
I 
S 
S 

R 
-

R 
R 
-

R 
R 
-

R 

I 
R 
S-I 
I 
S 
I 
I 
I 
I 

IR19660-131-33-3-3 S 
IR19661-131-1-3-1-3 S-I 
IR19661-364-1-2-3 S 
IR 19670-263-3-2-2-1 S 
IR19672-140-2-3-2-2 S 
IR 19672-155-2-1-1-3 S 

R 
R 
S 
R 
R 
-

S 
I 
I 
-
S 
-

R-I 
R-I 
R-I 
-

R-S 
R-S 

I 
I 
I 
I 
I 
I 

S 
S 
S 
S 
S 
S 

I 
R-I 
I 

I-S 
R-I 
I 

S 
I 
I 

I-S 
I 

I-S 

I 
I 
I 
I 

R-S 
I 

-

I 
-
I 
I 
I 

S 
I 
I 
S 
I-S 
S 

-

R 
-

R 
I 
R 

I 
I 
I 
1 
I 
I 

IR19728-9-3-2-3-3 
IR19729-5-1-1-3-2 
IR19735-5-2-3-2-1 
IR19743-25-2-2-3-1 

S 
R 

R-I 
S 

S 
I 
R 
I 

-
S 
I 
I 

R 
R-I 
R-1 
R-I 

I 
I 
I 
I 

I 
S 
S 
S 

I 
I 

I-S 
I 

R 
I 
I 
I 

I 
-
-

I 
I 

I 
I 

I-S 
I 

-

-

R 
R 

I 
S 

S-I 
I-S 

IfR19743-40-3-3-2-3 
1R19743-46-2-3-3-2 
IR 19746-28-2-2-3 
IR21015-80-3-3-1-2 

S 
S 
I 
I 

I 
S 
I 
R 

A 
I 
I 
I 

R 
R-I 
R-I 
R 

I 
I 
I 
I 

S 
S 
S 
S 

I-S 
I-S 
I 

R-S 

I-S 
I-S 
S 
I 

I 
I 
-

I 

I 
I 
-

I 

I-S 
I-S 
I 
S 

R 
I 
-

R 

I 
I 
I 
I 

IR21820-1543-2-2-3 
IR21848-65-3-2 
IR21912-131-3-3-2 
IR22082-41-2 
IR24632-60-33-2 
IR25560-132-2-3 
IR25572-87-3-3 
IR25588-7-3-1 
IR25588-32-2 
IR25621-94-3-2 
IR25621-135-1-1 
IR2586343-2-3 
IR25865-124-3-3 
IR25882-32-1-3 
IR25901-9-2-3 
IR25916-15-3-2 
IR25922-39-3-2 
IR25924-51-2-3 
IR25924-92-1-3 
IR28128-45-2 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
R 
S 
S 
S 
S 
S 
S 

R 
R 
I 
R 
-
R 
I 
I 
R 
I 
I 
I 
I 
I 
I 
I 
I 
R 
I 
R 

I 
I 
I 
S 
-
S 
I 
I 
S 
S 
S 
I 
I 
I 
I 

I 
I 
I 
I 

R 
R-I 
R-I 
R 
I 

R-I 
R 
I 
I 

-

R 
R-I 
I 
R 
I 

R 
R 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

S 
S 
S 

I-S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

I 
I 
I 

R-S 
I-
I 
I 
I 
I-
I 
I 
I 
I 
S 
S 
S 
R 
I 
I 
S 

I 
I 

R-I 
I 

I 
I 
I 

I 
R 
R 
I 
I 
I 
I 
R 
R 
I 
I 

I 
S 
I 
I 

I 
I 
I 

I 
S 
I 
I 
I 
I 
I 
S 
S 
S 
I 

I 
I 
R 
R 
-

I 
I 
I 
-

I 
I 
I 
I 
I 
I 
I 
I 
-

I 
R 

I 
S 
S 

I-S 
S 
S 
I 
I 
I 
S 
S 
I 
I 
I 
I 
I 
I 
I 
I 
S 

R 
R 
R 
R 
-

R 
I 
R 
-

R 
R 
R 
R 
R 
R 
R 
I 
R 
R 
R 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
S 
I 
I 
S 
I 
I 
I 

8 BL = blast, LS = leaf scald, StR - stem rot, BK = bakane, ShB = sheath blight, HLS = helminthosporium leaf spot, 
ShR = sheath rot, NBLS = narrow brt,.wn leaf spot, BLB = bacterial leaf blight, BLS = bacterial leaf spot, RTV = rice 
tungro virus, GSV = grassy stunt virus, R.OV = ragged stunt virus. bR = resistant, I = intermediate, S = susceptible. 
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evaluated for reaction to leaf scald during the 1981 
wet season. The clipping method was used for 
inoculation in the field. Of the entries evaluated, 
35.1% were resistant, 37.7% intermediate, and 
27.3% susceptible. 1R13146-4-3, IR8192-200-3-3-
1-1, IR5853-18-2, IR5854-73-3, IR4422-143-2-1, 
and IR4722-245-1-1 showed resistant reaction. 
IR36, Bahagia, IR8111-6-2, Pattambi 1751, 
BG35-2, and BR168-213-23 showed susceptible 
reaction. 

AND BREEDINGSCREENING OF GERMPLASM 

MATERIALS 

Blast. A total of 84,565 entries from different 
sources were tested in the IRRI blast nurseries in 
1982 (Table 5). 

Sheath blight. Of 4,126 entries screened against 
sheath blight during the 1982 DS and WS, 95.25% 
showed moderate reaction (Table 6). About 50% 
of the germplasm entries were infected by virus and 
excluded from the tests. 

Bacterial diseases. A total of 69,229 rice entries 

were screened, tested, and evaluated for resistance 

to bacterial blight for the 1982 DS and WS (Table 

7). Strains of PXO 61 of pathotype I and PXO 86 

of pathotype II of Xanthomonas campestris pv. 


Table 5. Summary of blast screening. IR RI, 1982. 

Source of entries Resistant 

(0.2)a 

Elite breeding linesb 13 

Germplasm bank 24 

Pedigree nursery lines 8 438 

Hybridization block 156 

Observational yield trialb 27 

Replicated yield trialb 23 

Korean lines 43 

Taiwan materials 105 

International nurseries
 

IRBN 73 

IRON 30 

IRLRON 10 

IURON 9 

IRLRYN 4 

IRYN-VE 1 

IRYN-E 0 
IRYN-M 3 


Total 8959 

Percentage 10.6 


81980 SES scale. bTested two to three times. 

oryzae were used in the screening program to 
determine the specific reactions. 

Virus diseases. In a search for sources of
 
resistance to virus diseases, 11,301 entries were
 
tested for RTV resistance, 5,226 for RGSV I
 
resistance, and 6,740 for RRSV resistance in the
 
greenhouse by the mass screening method. Only
 
0.2%oftheentrieswereresistanttoRTVand9%to
 
RRSV. Seventy-six percent of the entries tested
 
against RGSV I were rated resistant, 21% interme
diate, and 3% susceptible; most of the IR varieties
 
arid lines were resistant. 
an the fee 4 o7,5nefmt 

In the field 94% of 73,595 entries from the 
pedigree nursery were rated resistant to RTV on 
the 1980 Standard Evaluation System for Rice 
(SES). 

SOURCES OF DISEASE RESISTANCE 

Sources of rice blast resistance. Rice resistant to
 
blast was identified from exotic and local sources in
 
Nepal. One hundred twenty-two exotic lines and
 
varieties and 703 local accessions collected from 23
 
districts, representing two major ecosystems (hill
 
and plain), were tested in blast nurseries at Khu
maltar, Palung, and Parwanipur in 198 1; only local
 
accessions were tested at Parwanipur. Entries were
 

Entries (no.) 
TotalModerate Susceptible 

(3.4)8 (5 .9)a 

13 8F 111
 
26 285 335
 

10 106 61 484 80 028
 
35 358 549
 
43 1 105 1 175
 
46 765 834
 
11 152 206
 
14 73 192
 

35 273 381
 
12 304 346
 

2 105 117
 
24 144 117
 

1 25 30
 
0 27 28
 
0 28 28
 
1 24 28
 

10369 65237 84565
 
12.26 77.14 100
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Table S. Summary of sheath blight resistance tests. IRRI 1962. 

Source Entrieg Entries (no.) rated' 
(no.) R MR M MS S VS 

Elite breeding lines 116 0 2 112 2 0 0 
Replicated yield trial 875 0 7 793 56 16 3 
Observational yield trial 499 0 6 488 5 0 0 
Hybridization block 577 0 21 521 23 5 7 
Germplasm bank 1381 0 4 1375 2 0 0 
Hybrid r;ce 189 0 0 154 27 7 1 
International nurseries 

IRYN-VE 27 0 0 27 0 0 0 
IRYN.E 22 0 0 22 0 0 0 
IRYN-M 15 0 0 15 0 0 0 
IRLRYN 24 0 0 24 0 0 0 
IRLRON 91 0 0 90 1 0 0 
IURON 110 0 0 110 0 0 0 
IRON 200 0 0 199 1 0 0 

Total 4126 0 40 3930 117 28 11 
Percentage - 0 0.97 95.25 2.83 0.68 0.27 

OR = resistant, MR = moderately resistant, M = moderate, MS moderately susceptible, S = susceptible, VS very sus
ceptible. 

Table 7. Screening summary of breeding materials for bacterial blight resistance, IRRI, 1982. 

Entries ratedO 
Total entries ReM 

tested R MR MS S R/S 

No. % No. % No. % No. % No. % NT 

Hybridization blockb 587 I 242 41.2 53 9.0 123 21.0 150 25.6 10 1.7 9 
587 II 116 19.3 56 9.5 216 36.8 184 31.3 6 1.0 9 

Replicatedyield trialb 272 I 755 86.6 78 8.9 7 0.8 19 2.2 13 1.5 -
872 II 272 31.2 102 11.7 227 26.0 266 30.5 5 0.5 -

Observational yieldc trial 
Pedigree nurseriesc 

1 896 
25357 

I 
I 

1108 
21 511 

58A 
84.8 

86 4.5 293 25.5 348 18.4 61 
1 684 6.6 1 162 

3.2 -
8.5 -

Elite linesc 117 I 2 1.7 25 21.4 50 42.7 37 31.6 - 3 
117 II 1 .9 9 7.7 34 29.1 72 61.5 - 1 
117 III 1 .9 12 10.3 33 37.6 59 30.4 - 1 
117 IV 9 7.7 20 17.1 55.6 23 19.7 - -

Total 30639 24017 441 1 059 2842 2257 23 
OR-resistant, MR = moderately resistant, MS = moderately susceptibie, S = susceptible, R/S = segregating, NT = dead 
plants.blnoculated with PXO 61 and PXO 86 strains. Clnoculated with PXO 61 only. 

scored using the 1980 SES. The higher frequency of resistant entries among hill 
Among the entries from exotic sources, those accessions possibly indicates there has been greater 

rated resistant were found to have derived the selection pressure for blast resistance in the hill 
resistance from Tetep, Pankhari 203, Dawn, Car- environment.
 
reon, Tadukan, Zenith, Oryza nivara, and Sigadis.
 
Several entries derived from one of these sources or Resistance to rice viruses. Several sources of
 
their combinations were also found to have stable resistance to rice virus diseases were identified. 
resistance. For the local accessions, 79.2% of the Habiganj DW8, ARC 6064, Tjempo Kijik, ARC 
entries from the hill regions were resistant; only 11554, Jamal Bhog, and 72 B showed consistently 

6.8% of the entries from the plain were resistant. low percentages of RTV infection. Varieties with 
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outstanding resistance to RRSV were ARC 5757, resistance functioning in the region. To develop a 

ARC 5780, ARC 5838, and ARC 6650. IR9861-25- set of functional differentials, tests patterned after 

1-1, IR10232-17-2, IR18353-33-3-3-1, IR19087-22- that of Ikehashi (1979) were set. The international, 
Philippine, and Japanese set of differential varieties2-2, and 	IR19231-133-1-1-.2 were also resistant. 

A perennial rice, Orvza sativa X 0. rufipogon 	 and 50 other lines and varieties were tested at 
Khumaltar, Palung, and Parwanipur in Nepal.(Acc. No. 104315), was highly resistant to RGSV 1. 
Scoring was patterned after the 1980 SES.Twenty-two tillers of a perennial rice, Or'zasativa 

All entries were classified into seven resistance< 0. rufipogon, were planted in pots, covered with 
mylar cages, and inoculated individually by 25 types based on primary data (Khumaltar, Palung, 

RGSV I viruliferous insects for 3 d. The inoculated and Parwanipur, 1981) and into several subtypes 

plants were maintained in the greenhouse and based on secondary data (Khumaltar and Parwa

observed for disease symptoms. Virus-recovery nipur 1977-79). From these results, a set of func

tests using BPH were conducted at 1,2,4, and 6 mo tional differentials - IR1416-128-5-8, IR3273

after inoculation for three trials. 289-2-1473, Peta, Columbia II, IR34, Khao-tah-

To recover the virus from the perennial rice haeng 17, Wagwag, Usen, Co 25, Caloro, Cl 8985, 

5,605 TN I seedlings were inoculated using 2,871 Aichi-asahi, Shin 2, Kataktara DA2, and Fanny -
isbeing proposed. A tentative system ofdesignatinginsects. No positive transmission of RGSV I was 
field races of P.oryzae in Nepal was also suggested.observed. Orjzasativa> 0. rufipogon could be a 

good source of RGSV Iresistance. Seedlings of the Apparent blast infection rates. Apparent blast 
to infection rates were determined in I-m2 microplotsperennial rice are now being used in trials 

in the blast nurseiy among 80 GEU elite breedingconfirm this result, 
lines and varieties. Lesion counting started 2 WAS 
and continued at 2- to 3-d intervals. Apparent 
infection rates were measured using the Van der 

Fungal diseases. Functionaldifferentialsfor rice Plank formula.
 

blast in Nepal.The lack of a system for describing Blast development and rates of increase differed
 

the types of host resistance to blast races isa major among the varieties and elite breeding lines (Fig.
 

problem in Nepal because of the wide variability of 1,2). Marked differences in disease severity were
 
observed as the experiment progressed. IR46,the pathogen Pyriculariaor zae.The present set of 
IR50, and IR21820-254-3-3-2-2 developed leafinternational, Philippine, and Japanese differen-
blast infection very slowly; IR19672-155-2-1-3 andtials seems insufficient to describe the types of host 

Leuf orua infected (/o) 

K 
= 

100 - A IR21820154-3-3-2-2 

- B IR46-

R50/
 

80- D = R19735-5-2-3-2-1E = Mityang 57 
_ 	 F = 2R876-20-1
 

G = IR3380-29
 

60- H = IR19672-155-2-1-3I = IR442-2-58 

-
72- -3-2 -2= IR196'''',,,,14 0 -24 -K 

40

19 21 23 26 28 30 33 35 37 40 

Days afte" seding 

1.Disease progress curves of selected cultivars. IRRI, 1982. 
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XtLog. 
I-X 

4- rzO,9 

2 - . = E~oz 

-- 7 - A - 1R21820-154-3-3- 2-2B-0R46 G -1R380-29 
C- IRSO H-R9672-15-2-1-3 
0- rR19735-5-2-3-2-1I-9R442-2-58 

--- E -Milyang 57 J - R19670-263-3-2-2-l 
F - IR5873- 20-1 K- 1R19672-140-2-3.-2-2 

I I I I 1I 
19 21 23 26 28 30 33 35 37 40 

-4-3-p84- Days after seeding 

2. Rate of blast infection (logits) of selected cultiars. IRRI, 1982. 

IR442-2-58 had intermediate rates, and the disease
 
increased rapidly on 1R19670-263-3-2-2-1 and Disseoreo (I98osEs)
 
IR!9672-140-2-3-2-2. The observed slow blasting 10 /R36 nv;
 
in some of the varieties is not necessarily an 
inherent property o? the variety, but could be due"iz.. 
to a lack of compatible races from the inoculum 
donor rows. For examnple, IR50 showed much 
higher rates 193 in23'1 28/2of infection 212other experiments.26P 

Further experiments using known compatible 
races under conditions wheie only autoinfection 
occurs should resolve this difilculty.

Blast inoculumn donor varieties.Tfhe three blast-i IR5533PP854-1, Suweon 287, 
and Iri 353 when sown every 20 d using different 

inoculum-donor varieties showed different resis-
tant reactions. The disease incidence differed amongdonors (Fig. 3). 

In another experiment, TNI, IR8, IR442, 

and their combinations were evaluated as inoculum 
donors. Combinations of donors performed better 
than single donors, presumably because they trap a 
greaed rsity onr from the pathogen 
gtofpopulation. 
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Effect ofvarietalmixtureson blast. To study the 
effect of varietal mixtures on leaf and neck blast 
incidence, IR54, IR1905-81-3-I, 1R442-2-58, and a 
mixture of all three were compared. The mixtures 
showed equal or lower blast i'ncidence compared 
with the single varieties. fhe random varietal 
mixture proved more effective than row-by-row 
mixtures. 

Effect cf leafangle on blast development. The 
leaf angles of blast-susceptible IR8 were modified 
artificially to 450, 900, and 1350. Wires were 
attached to the highest fully extended leaves for 
leaf blast measurements and to the flag leaves for 
neck blast measurements. The plants were grown 
in a greenhouse and exposed to natural inoculum 
in the blast nursery for 7 d at the maximum tillering 
and heading stages. Leaves at 90' showed the most 
leaf blast and flag leaves at 450 showed more neck 
blast. Leaves at 1350 showed the least blast. This 
shows that drooping leaves may decrease leaf and 
neck blast incidence, 

Neck blastresistance.Fifty-nine Korean varieties 
and elite lines were planted at 2-wk intervals for 2 

mo to synchronize flowering periods. During 

heading time, two isolates of Pvriculariaorvzae 
(1-2017 and 1-750778) were separately inoculated 
on different tillers of each variety and line planted 

in the same pot. Plants were inoculated by injecting 

spore suspensions when panicles were about one-
Parialandthir toone-alfexseted ompete

third to one-half exserted. Partial and complete 
Neck infection ranged from 0 to 57% for isolate 
Neck17indfectorngedrom 7%0 to for isolate 

1-2017 and from 0 to 100% for isolate 1-750778. 

Twenty-three varieties and lines were highly 

resistant (0% infection) to 1-2017 and 29 were 

highly resistant to isolate 1-750778. Fukuhi-
kan'3434,Chlwen 305, Suweon 10,karn, Cholweon Sueon305,SuwonSuweon 310, 

Baegunchal-byeo, Iri 355, and Milyang 59 were 
sus-resistant to both isolates. Suweon 304 was 

ceptible (57%) to 1-2017 but highly resistant (0%) to 

1-750778. Milyang 54 was highly susceptible (100%) 
to1uThe
To re7507ult varesybislat0ighly toterac27. 
These results indicate variety by isolate interaction, 

Differential reactions of japonica and indica 
rices to sheath rot.Twelve varieties and lines each 
of japonica and indica rices were grown randomly 
in concrete beds in the screenhouse where many 
diseased plants were maintained as inoculum 
sources. To further ensure good infection, 20 plants 

from each variety were injected at the booting stage 
with a spore suspension of isolate S-8101. At 30 
DAI, reactions were scored using a 0 (no symp
toms)-4 (total sheath rot) scale. 

Disease reaction varied mainly within varieties 
rather than within rice type. Each type had a wide 
range of disease indices differing within varieties. 
At the same disease pressure, the disease indices 
ranged from 24.1% to 88.3% in the japonica rices 
and front 25.7% to 87.5% in indica rices. 

Bacterial blight. Scanning electron microscopy 
on rice leaf inoculated with Xanthomonas cam
pestrispv oryzae. A gross scanning of the rice leaf 
surface at I h after spray inoculation of bacterial 
cells showed bacteria on the leaf surface. The 
bacteria were found at sites away from or around 
the water pores (Fig. 4). No marked difference in 
the number of the bacterial cells was noted on 
compatible host-strain combinations TN I vs PXO 
61, TNI vs PXO 86, and Cas 209 vs PXO 61 or 
incompatible combinations TNI vs BB918, Cas 
209 vs PX 101, and Cas 209 vs PXO 86. Cas 209 is 
resistant to PXO 86; BB918 has lost its virulence. 
The bacterial cells were rod-shaped. There were 

signs of bacterial cell division on all host-strain 
combinations. 

A thin layer of substance formed on the waterpores ofTNl vs PXO 101 and Cas 209vs PXO 101 

combinations. The bacterial cells appeared em

bidei(Fi. T he e xdateappeared
bedded (Fig. 5). At 24 HAI, the exudate appeared 
secreted from water pores and completely sealed
off the openings in Cas 209 vs PXO 101. Bacteria 
numbers did not increase as they did at I HAl. 
Thrwanoeineofxutonrmwtr 
There was no evidence of exudation from water 

pores in Gas 209 vs PXO 86 until 48 HAI.The 

water pores in compatible combinations remained 
open throughout. Cell numbers of PXO 61 increased on the water pores of Gas 209 and TN! at 

24eal. Mn aterialres ac divided, 

se an a tered te ate poree 
mas (Fig. 6). 
ings (Fig. 6). 

results indicate the immobilization of the
bacterial cells of avirulent strains and site-specificity 
of bacterial multiplication on the rice leaf surface. 

Virus diseases. Resistanceof some IR varieties 
to tungro virus complex and its vector. The 
resistance of IR36, IR42, IR50, IR54, and IR56 to 
RTV and its vector, the green leafhopper (GLH), 
was determined by mass screening and test tube 
inoculation. 
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4. Bacterial cells of Xan

thomonas campestries pv. 
oryzae were found around 
the water pores at 24 h after 

- spray-inoculation on rice 

leaves. IRRI, 1982. 

"A'"V 5. Bacterial cells appear 

embedded in exudates from 
. ,water pores of Cas 209 leaf 
....... 24 h after spray-inoculation 

ofXanthomonas campestris 
pv.oryzae PXO 101, a non
pathogenic strain. IRRI,P.r,M..r!. 1982. 

In mass screening, the five varieties and TNI as a ceptible as the number of insects per seedling was 
susceptible check were inoculated in a cage, with increased (Table 8). IR50, IR54, and IR56 changed 
one, three, and five GLH per seedling. The per- from resistant to intermediate. 
centage of seedlings infected increased as the In test tube inoculation using one, three, and five 
number of insects per seedling was increased (Fig. insects per seedling, the percentage of infected 

7). In all cases TNI had the highest infection, seedlings increased as the number of insects per 
followed by lR42, IR36, 1R46, and JR50. IR54 had seedling increased (Fig. 7). At one insect per 
the lowest seedling infection (34% at five insects/ seedling, IR36, 1R42, and TNI were susceptible 

seedling), which, however, was not significantly and IR50, IR54, and IR56 were intermediate. The 
different from that of IR50 or IR56. fairly high infection percentage for the test tube 

IR36 and IR42 moved from resistant to sus- inoculation may be due to forced feeding in 
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6. Multiplication of a vini
lent strain PXO 61 of Xan
thomonas campestris pv. 
oryzae on the water pores of 
Cas 209 leaf. IRRI, 1982. 

7. Percentage of seeding 
infection of some RTV-
resistant IR varieties ino
culated by different num-
bers of RTV-viruliferous 
GLH per seedling following 
the mass screening and test 
tube methods of inocula-

tion. IRRI, 1982. 

Seedling infection (M) 
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confinement. The results indicate RTV resistance 
instability of some IR varieties. In the field, the 
degree of resistance decreases with the increase in 
disease and insect pressure or population. 

In the test tube, significant differences in seedling 
infection were observed among the varieties, but 
not among increasing hours of inoculation access 
time (Table 9). 

Significant differences in the life-span of RTV-
viruliferous GLH were obtained among suscep-
tible TNI and IR50, IR54, and IR56 (Table 10). 

-1 M n n 
C u UU l 

E] Testtube floculoboh 

3.'.moss screening 
1 3 5 insects/seedling 

M.. 
% 

IR50 IR54 IR56 TNI 

Similarly, GLH mortality was high (>60%) when 
the insects were confined on the three varieties. No 
difference in life-span was detected between male 
and female GLH. RTV infection was lower on 
varieties where GLH life-spans were shorter and 
mortality was higher. 

Tungro virus complex in resistantIR varieties. 
Rice tungro bacilliform virus (RTBV) and rice 
tungro spherical virus (RTSV) are associated with 
the RTV complex. RTBV alone causes mild 
infection, and RTSV alone causes almost symp-
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Table 8. Reaction of selected IR varieties Inoculated by 
mass screening method with one, three, and five GLH per 

edlictoa IRRI, 1982. 

Reaction of variety inoculated with 

1 GLH 3 GLH 5 GLH 

IR36 R I S 

IR42 R I S 

IRSO R I I

IR54 R R I 

IR56 R I I 

TN1 I 8 s 


'Based on the scale for RTV mass screening: resistant (R) 
- 0-30%, intermediate (I) - 31-60%, susceptible (S)= 61-
100%. 

Table 9. Seedling infection of selected IR varieties inocu-
lated with RTV.viruliferous GLIi in test tubes at various 
inoculation access times. I RRI, 1982. 

Seedling infection ; 

Variety at inoculation access of Mean 

4 h 8 h 24 h 48 h 

IR36 62.5 68.2 56.1 56.7 60.9 b 
IR42 56.3 54.2 55.8 62.0 57.1 b 
IR50 26.6 36.2 30.8 25.4 29.7 d 
IR54 36.8 30.0 33.9 32.2 33.2 cd 
IR56 36.6 43.5 40.0 39.2 39.8 c 
TN1 73.0 78.2 82.4 81.5 78.8 aMea' 48.6 a 51.7 a 49.8 a 49.5 a 

aSeparation of Duncan's multiple range test. 

Table 10. Life-span of male and female RTV-viruliferous 
GLH on some IR varieties. IRRI, 1982. 

Variety -Mean 

Male Female 
IR36 6.6 6.3 6.5 b 
IR42 6.1 6.2 6.2 b 
IR50 3.7 4.4 4.0 c 
IR54 3.3 4.4 32 c 
IR56 4.3 5.1 4.7 c 
TN1 8.5 8.4 8.5 a 

tomless infection. However, the presence of both 
viruses in the rice plant causes severe infection, 
When the plant is infected with RTBV alone, the 
vector insect cannot recover the virus from the 
plant. 

RTBV and RTSV presence in RTV-infected 
IR36, IR42, IR50, IR54, and IR56 plants were 
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determined by the latex agglutination test using
virus antisera and the virus recovery test using the 
vector GLH. 

Six-day-old seedlings in test tubes were inocu

lated with one GLH. The insects were kept in the 
test tubes for 24 h. Plant sap was obtained from the 
second or third youngest leaf 30, 45, and 60 DAI 
and tested for reaction to the RTBV and RTSV 

antigera by the latex agglutination test. Regardless
of time after inoculation, all plants from the 
susceptible control TNI reacted to RTBV and 

RTSV together. However, 57.1% of the IR42 
plants, 41.7% of the IR56 plants, and 26.7% of the 
IR36 plants reacted to the two viruses together and 

the rest to RTBV alone. All IR50 and IR54 plants 
reacted to RTBV alone. 

The recovery of the RTV complex using the 
vector GLH was attempted. The virus was success

fully recovered from plants infected with both 
RTBV and RTSV. However, no positive trans
mission was obtained from 1,408 seedlings inocu
lated by 326 insects that were given 4-d acquisition 
on diseased pla ".tswith RTBV alone, regardless of 
the variety. This indicates that, although the plants 

used in the virus recovery tests are infected, they
will not serve as virus sources for spread of the 
disease. 

IR50, IR54, and IR56 went from resistant to 
intermediate in mass screening as insects per 

seedling were increased from one to five. RTV
inoculated IR50 and IR54 were infected v ".. 
RTBV alone; whereas inoculated IR56 was in
fected with RTBV and RTSV together. Because 
plants infected with RTBV alone can not be a virus 
source for further transmission, IR56 could be 
broken down by RTV when the GLH population is 
high, while IR50 and IR54 might be more resistant. 

Rice tungro virus complex in non-IR varieties. 
Efteen rice varieties differing in reaction to RTV 

and its GLH vector were. inoculated by the mass 
screening method in the greenhouse. Infected 
plants were then selected 50-60 DAI and tested for 
the presence of RTBV and RTSV by the latex 
agglutination test using virus antisera. RTBV and 
RTSV were generally observed together in varieties 
susceptible to both GLH and RTV. However, only 
RTBV was generally observed in varieties highly 
resistant to both the vector and the virus. 

1982 rice tungro virus collaborative project. 



Studies on the resistance of 10 rice varieties to RTV blast nursery were separately inoculated on the 
and its vector were continued at IRRI. When the Philippine, international, and Japanese differen
average GLH life-span was used to indicate the tials. 
degree of varietal resistance to the vector, IR34, The 14 Philippine differential varieties identified 
Latisail, Gain Pai 33-12-15, and Pankhari 203 were 49 races in II race groups. The prevalent races 
found to be more resistant than TNI, Habiganj belonged to the PD race group, which is composed 
DW8, Kataribhog, Ambemohar 159, Ptb 18, and of 28 races (Table 12). Race PA-I, which cor-
IR26. responds to races IA-I and race number 777, was 

On the basis of RTV transmission and seedling the mos' virulent race detected. 
infection, Habiganj DW8, Gain Pai 30-12-15 and Nine race groups were identified by the inter-
Pankhari 203 appeared more resistant to the virus national differential varieties (Table 13). The most 
than the other varieties. The varietal reactions are prevalent races were IH-l, IG-I, and IB-45. Races 
categorized in Table 11. IA-109 and IA-I 10, the most prevalent in 1968-69 

studies on races in the blast nursery, were not 
PATHOGEN VARIATION detected in the present study - indicating a shift 
Races ofPyriculariaoryzae. One hundred and four over time. Twenty isolates did not infect any of the
monosporial isolates periodically isolated from eight international varieties, although they are 
infected leaves ofdifferent varieties and fines capable of producing symptoms on varieties of thein the 

other two differential sets. This suggests the insuf
ficiency ofthe international differential varieties to 

Varietal reaction to RTV and its vector GLH. differentiatraces.Table 11. 
IRRI, 1982. differentiate races. 

Nine new Japanese differentials with known R-
Variety Reaction tof genes as criteria for differentiating the races, 

GLH RTV identified 42 pathogenic races (Table 14). Races 03, 
403, and 447 appeared prevalent. Some races have 

Ambemohar 159 S I three, four, and five isolates. One or two isolates
Gem Pci 30-12.15 IIHabiganl 0W8 SR were identified in other races. Race 777 was the 
IR26 I S most virulent. It overcame the resistance of all the 
IR34 R I differential vareties with known R-genes.
Kataribhog S 3 Variability of Helminthosporium oryzae, the 
Latisail R I 
Pankharl 203 I I brown spot fungus. More than 100 isolates of 
Ptb 18 I I Helminthosporium oryzae derived from single-
TN 1 S s spore cultures were collected from various places in
aR = resistant, I = Intermediate, S = susceptible. Lhe Philippines. A series of pathogenecity tests 

Table 12. Pathogenic races of PyrIcularle oryzae identified by Philippine differential varieties.8 IRRI, 1982. 

Philippine differential varieties 

Rae Isolate 
no. A B C D E F G H I J K L M N 

PA-1 1 S S S S S S S S S S S S S S 
PA-513 1 S R R R R R R R R R R S R R 
PA-865 1 S R R S R R S S S S S R S R 
PB-289 1 R S R S S R S S S S S R R R 
PB-663 1 R S R S R R S R S R R S R R 
PC-1 1 R R R S S S S S S S S S S S 
PC-41 1 R R S S S R S R S S S R R R 
PC-117 1 R R S R R R S R S S R R R R 
PD-1 2 R R R S R R R R R R R R R R 
PD-9 1 R R R S S R S R S S S R R R 
PD-19 5 R R R S R R S R S R R R R R 

Continued on next page 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 45 

http:30-12.15


Table 12 continued 

Philippine differential varieties 

IsolateRace 
no. A B C D E F G H I J K L M N 

R R R R 
S S R R R R 

PD-5 3 R R R S S R S A S S 

PD-37 14 R R R S R R S R 
PD-53 3 R R R S R R S R S S R R R R 

S R R R R S R R R R RPD-31 1 R R R 
S S R S S S S S R R RPD-33 2 R R R 

PD-73 14 R R R S R R S R G R S R R R 
PD-75 4 R R R S R R S R S R S R RR 
PD-49 1 R R R S R R S S S S R R R R 
PD-97 3 R R R S R R S S S S S R R R 
PD-105 14 R R R S R R S R S S S R R R 
PD-135 1 R R R S R R S S S R R S R R 

R S S S S R R
PD-145 19 R R R S R S S 

PD-147 14 R R R S R R S R S S R S R S 
PD-151 1 R R R S R R S R S R R S R R 
PD-129 4 R R R S R S S S S S S S R R 
PD-199 1 R R R S R R S S S R R S R R 
PD-209 3 R R R S R R S R R S R S R R 
PD-211 6 R R R S R R S R S S R S R R 
PD-213 1 R R R S R R S R S R S S R R 
PD-335 1 R R R S R S R R S R S R S R
 

PD-579 2 R R R S R S S R S S S S R S
 
PD-587 1 R R R S R R S R S S R S R S 
PD-839 1 R R R S R R S R S S S R R S 
PD-247 1 R R 1 S R R R R S S S S R R 
PD-269 1 R R R S R R S R S S S S R R 
PE-15 1 R R R R S R R R S R R R R R 
PF-3 1 R R R R R S S R S R R R R R 
PG-1 4 R R R R R R S R R R R R R R 
PG-5 3 R R R R R R S S R R R R R R 
PG-7 1 R R R R R R S R R S R R R R 
PG-19 1 R R R R R R S R S S R S R R 
PG-31 1 R R R R R R S R R R R S R R 
PI-I 15 R R R R R R R R R R R R R R 
PI-7 1 R R R R R R R R S R R S R R 
PI-3 1 R R R R R R R R S R S R R R 
PJ-3 1 R R R R R R R R R S R S R R 
PK-1 1 R R R R R R R R R R S R R R 
PL-1 2 R R R R R R R R A R R S R R 

A= Kataktara DA-2, B = CI-5309, C = C,ckoto, D Co 25, E = Wagwag, F = Pai-kan-tao, G = Pete, H = Raminad Str. 
3, I = Taichung, J = CI-8985 (Lacrfsse), K = Sha-tiao-tsao, L = Khao-tah-heeng, M = Carreon, 'I = Tetep. 

were conducted to reduce the more than 100 one dominant and one recessive gene for resistance 
varieties and lines being screened. After further (Table 15). The number of resistant genes depended 
testing, a set of differential varieties may be chosen on the isolates used. For example, IR 1905-81-3-1 
from this group. had two genes for resistance to isolates IK81-3 and 

43 but one gene for resistance to isolates P06-6 and 
GENETICS AND INHERITANCE OF DISEASE 

1R81-25. Also, IR3273-289-2-1473 had two genesRESISTANCE 
for resistance to isolates IK81-3 and 43, whereas its 

Inheritance of resistance to blast. The inheritance donor parent Pankhari 203 had only one gene. 
of resistance to common blast races was studied in The relationships of resistance genes to different 
several crosses. In most cases, resistance was races was studied in several crosses. In general, 
controlled by one dominant or two duplicate resistance to different races was controlled by 
dominant genes, but the variety Ta-poo-cho-z had different genes because the recombinants obtained 
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Table 13. Pathogenic races of PyrIcularla oryzae idantififd Table 14. Pathogenic races of PyrIcularla oryzae identified 
by International differential varieties.' IRRI, 19d2. by new Japanese differentials.8 IRRI, 1982. 

International differential varieties Isolate Japanese differential varietiesRace Isolate _________________ RaceIolt Janeedfrnilvreie 
no. A B C D E F G H no. A B C D E F G H I 

IA-1 2 S S S S S S S S 00 4 R R R R R R R R R 
IA-13 2 S S S S R R S S 01 3 S R R R R R R R R 
IA-25 1 S P R R R R S S 02 4 R S R R R R R R R 

IA-45 3 S S R S R R S S 03 12 S S R R R R R R R 
IA-57 1 S S R R R S S S 04 1 R R S R R R R R R 
IA-61 4 S S R R R R S S 05 1 S R S R R R R R R 

IA-63 3 S S R R R R R S 06 2 R S S R R R R R R 
IA-125 1 S R R R R R S S 07 3 S S S R R R R R R 
IA-127 2 S R R R R R R S 11 1 S R R S R R R R R 

IB-6 1 R S R R R R S S 44 1 R R S R R S R R R 
18-13 3 R S S S R R S S 47 2 S S S R R S R R R 
IB-45 17 R S R S R R S S 100 2 R R R R R R S R R 
IB-47 7 R S R S R R R S 101 1 S R R R R R S R R 
IB-61 3 R S R R R R S S 104 1 R R S R R R S R R 
IB-62 1 R S R R R R R S 107 1 S S S R R R S R R 
IB-63 7 R S R R R R R S 110 1 R R R S R R S R R 
IB.64 2 R S R R R R R R 200 1 R R R R R R R S R 

IC-15 1 R R S S R R R S 201 2 S R R R R R R S R 

ID-13 5 R R R S R R R S 202 5 R S R R R R R S R 

ID-14 1 R R R S R R R R 204 1 R R S R R R R S R 
ID-15 5 R R R S R R R S 205 1 S R S R R R R S R 

ID-16 2 R R R S R R R R 227 1 S S S R S R R I R 

IE-1 1 R R R R S S S S 243 2 S S R R R S R S R 
IE-5 1 R R R R S R S S 300 3 R R R R R R R S R 
IF-4 1 R R R R R S R R 303 1 S S R R R R S S R 

IG-1 26 R R R R R R S S 403 12 S S R R R R R R S 

IG-2 5 R R R R R R S R 407 5 S S S R R R R R S 
IH-1 44 R R R R R R R S 413 3 S S R S R R R R S 

I1-1 20 R R R R R R R R 443 1 S S R R R S R R S 
447 8 S S S R R S R R S 

= 8A = RaminadStr. 3. B = Zenith, C = NP-125, D Usen, :;jl 1 S R R R R R S R S 
E = Dular, F = Kanto 51, G = Shao-tiao-tsao(s), H 503 1 S S R R R R S R S 
Caloro. 601 4 S R R R R R R S S 

603 1 S S R R R R R S S
 
were resistant to one race and susceptible to others. 605 2 S R S R R R R S S 

640 1 R R R R R S R S S 
Several resistance genes were linked, but resistance 645 1 S R S R R S R S S 

to isolate P06-6 in Tetep, 1R1905-81-3-1, and 702 1 R S R R P R S S S 

703 2 S S R R R R S S S
IR9669-PP836-1 was independent from resistance '707 1 S S S R R R S S S 

to other isolates. 773 1 S S R S S S S S S 

Tests for allelism of resistance genes are sum- 777 1 S S S S S S S S S 

marized in Table 16. In several crosses, a few 42 104 (Total) 

susceptible recombinants were recovered, indicat- 'A =Shin 2 (Pi-kS), B = Aichi-Asahi, (Pi-A), C = Ishikare 

ing that the two parents may havc different gen':s Shiroke, (Pii), D =Kanto 51 (Pi-k), E=Tsuyuake (Pi-rn), 

for resistance. An F3 test will be conducted to F= Fukunishiki (Pi-Z), G =Yashino Mochi (Pi-ta), H = Pi 

conclusion. The relationships for No. 4 (Pi-taZ), I = Torlde 1 (Pi.Zt).
confirm this 
Tetep, Dawn, Carreon, Ta-poo-cho-z, and Pank
hari 203 are in Figure 8. It is not clear if the genes IK81-3 because the Carreon gene is allelic in the 
from Ta-poo-cho-z for resistance to the different case of isolate IK81-3. This indicates that at least 
races are identical because very few recombinationm eight resistance genes are present in these five 
were recovered. It seems that the dominant gent- varieties. 
for resistance to race P06-6 i-"Ta-poo-cho-z must Moderaie resistance.Two moderately resistant 
be different from the gene for resistance to race varieties, Dourado Precose and OS6, were crossed 
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Table 15. Number of resistance genes to ths different blast rues in some resistant varieties, IRRI, 1982. 

Resistance genes' (no.) to raceb 
Variety 

IA-61 IB-47 IC-27 IH-1 IH-1 IH-1 IH-1 I1-1 
(IK81-3) (PO6-6) (IK81-25) (43) (11<81-12) (IK81-26) (43-i) (41) 

IR1905-81-3-1 2D ID ID 2D 2D 2D 1D 1D 
IR3273-289-2-1473 2D ID 1D 2D - -

IR5533-PP854-1 - 2D - 2D - -

IR9669-PP836-1 - 2D - 2D - -

Tete0 2D 1D ID 2D - -

Cerreon - 1D 2R 1D - -

Ta-Poo-Cho-z 1D+1R 1D+1R 1D+1 R 1D+IR - -

PankharI203 1D- ID - -

Dawn - 2D - 2D - -
Ram Tulasi 3D - - 3D - -

aD - Dominant gene, R - Recessive gene. blsolate names are In parentheses. 

Table 16. Linkage relationships between leaf blast resistance to different isolates in the ; of the cross 55061/IR!905
81-3.1. IRRI, 1982. 

F3 linesO (no.) 
Expected Cisur ikg 

Relationship R+RS R+RS S S ratio Chi-square Linkage 

R+RS S R+RS S
 

POU-6 and 43 142 12 40 6 45:3:15:1 1.252 Independent 
P06-6 and IK81-12 144 10 40 6 45:3:15:1 2.011 Independent 
P06-6 and IK81-26 142 12 38 8 45:3:15:1 3.626 Independent 
P06-6 and IK81-25 128 26 39 7 9:3:3:1 0.074 Independent 
P06-6 and IR81-3 145 9 38 8 45:3:15:1 6.112 Independent 
43 and IK81-12 178 4 6 12 225:15:15:1 95A* Linked 
43 and IK81-26 177 5 3 15 225:15:15:1 118.2** Linked 
43 and 1K81-25 165 17 2 16 45:15:3:1 74.3** Linked 
43 and1K81-3 17, 4 5 13 225:15:15:1 10F,50* Linked 
1KI1-12 and iK81-26 179 5 1 15 225:15:15:1 135.6** Linked 
1K81.2 and IK81-25 163 21 4 12 45:15:3:1 44.1 ** Linked 
1K81-12 and IK81-3 180 4 3 13 225:15:15:1 1142** Linked 
I K81012 and IK81-25 164 16 4 16 45:15"3:1 65.0** Linked 
IK8 1-26 and IK81-3 178 2 5 15 225:15:15:1 126,4"* Linked 
1181-25 and I1K81-3 164 3 19 14 45:3:15:1 59.6** Linked 

aR = resistant, RS = plants resistant to some races but susceptible to others, and S = susceptible. 

to both a susceptible variety, Tongil, and a resistant crosses. The data indicate that both Dourado 
variety, Milyang 54. The F2 populations were Precose and OS6 possess single dominant genes for 
tested for resistance to isolate 43 (race !H-1) and moderate resistance with some additional modifier 
rated on the SES 0-9 scale. In the crosses, genes. 
Tongil/ Dourado Precose and Tongil/OS6, the F2 Inheritance of resistance to Cercosporaoryzae 

populations showed a bimodal distribution, but narrow brown spot. F1 and F2 populations of nine 
the peak of the resistant groups did not correspond cross combinations from four resistant varieties 
to the average of the moderately resistant parents (1R8, Bluerose, Zenith, and Delitus) and three 
(Fig. 9). In the crosses Milyang 54/Dourado susceptible cultivars (IR26, IR4227 and IR9093-
Precose and Milyang 54/OS6, the F2 populations 211-6) were used in the study. The F1 , F2, and the 
also did not show a normal distribution (Fig. 10). parents were grown in the greenhouse ingalvanized 
Some susceptible isolates were recovered in both iron trays with fertile soil. The seedlings were 
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8. Allelic relationships of genes for leaf blast resistance to three 
isolates (races). IRRI, 1982. 

grown to the 5-to 6-leaf stage and then inoculai.ed 
by spraying with a spore suspension of 1-58 of C. 
oryzae. Reactions of inoculated seedlings were 
recorded 21 DAI. 

Crosses between resistant and susceptible parents 
and between resistant parents yielded resistant F1 
progeny - suggesting that resistance isdominant 
over susceptibility (Table 17). F2 populations of 
crosses between resistant and susceptible segregated 
into a simple Mendelian 3:1 ratio of resistant to 
susceptible plants, indicating that resistance to the 
disease is governed by a dominant gene. F2 
progenies of crosses between resistant parents gave 
a 15:1 ratio of resistant to susceptible plants, 
indicating the presence of duplicate genes in the 
resistant varieties. 

Bacterial blight. Variety Cas 209. Previously, 
Cas 209 (IRRI Accession 15793) was found re-
sistant to race 2 but susceptible to races 1,3, and 4, 

of Xanthomonas campestris pv. oryzae in the 
Philippines. Analysis of F1, F2, and backcross 
populations from the crosses of Cas 209 with 
susceptible cultivars revealed that Cas 209's resis
tance was controlled by a single dominant gene. 
Tests for linkage relationships indicated that this 
newly identified dominant gene was linked with 
Xa-4 with a recombination value of 27.4%, but was 
independent ofxa-5 (Table 18). This new gene for 
bacterial blight resistance was designated as Xa-l0. 

IR1545-339. Four race groups of the rice bac-
terial blight pathogen have been identified in the 
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9. Frequency distribution of leaf blast score to isolate 43(IH-I)
in the F2of the cross Tongil/ Dourado Precose and Tongil/ OS6.
IRRI, 1982. 

Philippines. To date, resistance genes Xa-4, xa-5, 
Xa-6, Xa-7, xa-8, anC xa-9 are all detected on 
reaction to race 1. Furtuer studies indicated that 
the F1 and F2 populations of TNI / I1545 showed 
susceptibility to PXO 61 of race 1,PXO 86 of race 
2, and PXO 79 of race 3, suggesting that the 
resistance oflR1545 to the three strains is recessive. 
The F2 segregation yielded a good fit to indicate 
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10. Frequency distribution of the leaf blast score to isolate 
43(IH-l) in the F2 of the cross Milyang 54/ Dourado Precose 
and Milyang 54/OS6. IRRI, 1982. 

that the resistance of IR 1545 to the three strains 
could be controlled by an identica single recessive 
gene. 

Compared with TNI, 1R1545-339 was moder-

ately susceptible to PXO 61 of race 4. To charafter

ize the reactions of IR 1545 and N I to PXO 61 and 
PXO 71, lesion devehlpment was observed from 6 
to 24 DAI. The lesion length on IR1545 was 
considerably shorter than that on TNI at any time 
after inoculation. The PXO 71 lesion developed 
exponentially on TNI but it became stationary 18 

on 1R1545. To linearize all the disease 
progress curves, the Gompet r",del was applied 
and tested (Fig. 11). Distinct difference was ob
served between the lesion development caused by 
PXO 7! on',N l and that on IR1545. The F plants 
of TNI/IR1545 were susceptible to PXO 71, 
similar to TN Iplants. The F segregation showed a 
wide range of variation. The pattern, however, 
deviated from a normal distribution (P < 0.005) 
and appeared to possess two modes, one cor
responding to the reaction of IR1545, the other to
that of TNI (Fig. 12). This suggested that the 

moderate susceptibility of IR1545 to PXO 71 was 
characteristic o. the line, and the mode of gene 
action was recessive, and appeared to be under 
monogenic control. It was observed that plants 
with xa-5 were greatly skewed toward lower 
susceptibility. A normal distribution appeared to 
correspond to that of 1R1545. Plants with xa-5 in 
the heterozygous state and those without xa-5 were 
greatly skewed toward higher susceptibility and 
corresponded to those of TNI. To confirm th.

genic relationship, the F2 plants were further 
classified into nine classes (Table 19). The mean 
lesion length for the group of plants with xa-5 was 
significantly lower than that for the group without 
xa-5. The two characters were closely linked 
together (P< 0.005). Both groups showed a wide 
variation and several plants overlapped between 

Table 17. F2 segregations of different rice combinations In response to Isolate 1.58 of Cercospora oryzae. IRRI, 1982. 

Cross combination 

IR8(R)/I R9093-211.6(S) 
IR8(R)/IR26(S) 
IR4227(S)/IRS(R) 
Delitus(R)/IR9093-211.6(S) 
Zenith (R)/I R9093-2.11-6(S) 
Zenith(R)/IR26(S) 
Bluerose(R)/IR4227(S) 
Delitus(R)/IR8(R) 
Bluerose(R)/Delitus(R) 

Observed 
Ratio, Chi.square P 

F1 R S Total 

48R 188 47 235 3:1 3.13 10-5.0 
16R 181 53 234 3:1 0.68 50-30 
38R 139 45 184 3:1 .03 90-80 
65R 147 37 184 3:1 2.347 20-10 
5R 158 49 207 3:1 0.195 70-50 

33R 120 44 164 3:1 0.296 70-50 
5R 123 41 164 3:1 .00016 99-100 

92R 203 15 218 15:1 0.148 70-50 
7R 225 20 245 15:1 1.5306 30-20 
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Table 18. Reactions to bacterial strains PXO 86 and PXO 61 of F1 and F2 populations from the crosses of Cas 209 
with IR20 and IR1545. IRRI, 1982. 

Cross Reaction pattern in F2 Mean p Recombination 
SS Total square value(%)combination FRR RS SR 

6b
IR20/Cas 209 RR 132 71 62 271 27A±5.6 
(140.57) (62.67) (62.67) (5.07c) 1.302 0.750.05 

IR1545/Cas 209 SMR 65 0 163 5 3b 281 
(70.25) (0.00) (158.06) (52 .69d) 0.548 0.90-0.75 

aR = resistant, MR = moderately resistant, S = susceptible; for combined capital letters, the first letter stands for re

action to PXO 61; the second, to PXO 86. bObserved segregation. CCalculated based on recombination value of 27.4%. 
dCalculated on the basis of 4:0:9:3 ratio. 
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II. Bacterial blight lesion de eelopment c-used by PXO 61 and 
PXO 71 on TN I and IR 1545-339. Values are transformed with 

Gompertz equation (-In(-In(y)): y = disease proportion (mean 
lesion length/ mean leaf length). Each value is the average of 20 
observations. IRRI, 1982. 

the two groups. However, no plants showed high 
susceptibility in the group xa-5, nor low suscept
ibility in the group without xa-5. In addition, the 
variation within each group appeared similar to 
that of corresponding parents. The results sug-
gested that the moderate susceptibility might be 
governed by xa-5, or at least by one or more 
recessive genes closely linked to the xa-5 locus. 

Two sets of F3 families from TN I/IR 1545 were 
tested against PXO 86 and PXO 71. Data on F3 
segregation against PXO 86, avirulent to IR1545, 
confirmed the genic control of xa-5 on resistance. 
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Lesin lenqth (cm) 
12. Reactions ofparental and F, plants, and frequencydistnbu
tion for disease scores of parental and F,population from the 

cross of TNI (P1)/IR1545-339 (P2) to PXO 71. M = mean 
lesion length (cm), N = number of individuals, V = variance. 
IRRI, 1982. 

The other set of F3 families were inoculated with 
PXO 71. According to the results of PXO 86, the 
F3 families were divided into three groups. Group I 
included the families with xa-5 in the homozygous 
state; Group 2, those with xa-5 in heterozygous 
state; and Group 3, those lacking xa-5. Group I 
was skewed toward the lower susceptible end; and 
group 3, toward the hgher susceptible end 
similar to that in the F2 population. Analysis of 
variance for lesion Lngth showed a significant 
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Table 19. Relationship between the groups with and without xa-5 6, for the reaction scores to PXO 71 in F2 population 
from the cros TN1/1R1545-339. IRRI, 1982. 

Group 
1 

12-16 

2 

16-20 

3 

20-24 

4 

24-28 

5 

28-32 

6 

32-36 

7 

36-40 

8 

40-44 

9 
T

44-48 

Mean lesion 
otal length (cm) 

xa-5 15 32 31 14 1 0 0 0 0 94 20.3 
(44)

A (9.3) (9.3) 	 (11.3) (19A) (20.6) (13.4) (4.9) (1.5) 

without 0 0 1 25 66 71 46 17 5 230 33.7 

xa-5 (10.6) (22.7) (22.7) (27.7) (47.6) (50.4) (32.6) (12.1) (3.5) 

324Total 15 32 32 39L 67 71 46 17 5 

= aCalculation of the expected values, In parentheses, was based on the observed ratio of 94:320. X2 26895, d. f. - 8, 
P<0.005, t = 25.1, P<0.001. 

Table 20. Analysis of variance for lesion length caused by in families with xa-5. This may further suggest that 
PXO 71 in 65 F3 lines from the cross of TN1 (P1)/ the moderate susceptibility to lesion development 
IR1545339 (P2) and parental lines. IRRI, 1982. caused by PXO 71 in IR1545 was due to the effect 

Source of variance Degrees of Mean F of the same gene xa-5. 
freedom square 	 Trisomic analysis of xa-5 was done by crossing 

Total 1281 1R;545-339 with Triplo 7, Triplo 8,Triplo 9, and 
Among lines 66 269.3988 23.55 Triplo 12. When the F2 population from a trisomic 

"° P1 vs P2 1 695.5706 5994 F1 was classified into disomicand trisomic fractions 
P1 + P2 vs F3 lines 1 0.0762 <1 
Among F3 lines 64 267.1037 23.35* " by morphoogical characteristics, the segregation 

Among groups 2 3567.9678 22.21** gave a good fit to the theoretical trisomic segre-
Lines within groups 62 160.6242 gation ratio calculated by assuming random com-

P2 vs Group I 1 4.3301 <1 
220ns  

vs Group II 1 25.2020 plete chromatid assortment. The results revealedP1 
Plants within lines 1215 11.A378 thatxa-5, a recessive gene for resistance to PXO86 
8 Tested ain 1R545, is located on the extra chromosome of 

Triplo 5 (Table 21). Triplo 5 corresponds to the 

difference among the three groups and no sig- L-type of trisomics with japonica genetic back
nificant difference between group I and IR1545 grounds. The extra chromosome of L-type of 
and between group 2 and TNI (Table 20). The trisomics was chromosome 2 followed by Nishi
results supported the conclusion drawn from the mura's designation. The conclusion isthat xa-5 is 
F2 population. The lesion development was slower located on chromosome 2. 

Table 21. Trisomic segregation of xa-5 for resistance to PXO 86 in F2 population. from the cross IR 1545-339/Triplo 5. 
IRRI, 1982. 

Mean square forCrossTotal Observed number 
pppulation + xa-5 3:1 8:1 44:1 
Fraction of 

Triplo 5/1 R 15450 	 2 X 70 8 78 9.043* 0.058 
2X + 1 35 2 37 7577* - 1.725 
Total 105 10 115 16.304- -

Triplo 5/IR1545b 	 2X 125 42 167 0.002 - 

8F 2 population from a trisomic F 1 plant. bF2 population from a disomic F1 plant. 
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SOURCES OF RESISTANCE 

Entomology andPlant Breeding Departments 

Evaluation of the germplasm collection (Entom-
ology and Plant Breeding). Most IRRI screening 
work involves the evaluation of breeding lines. 
However, the germplasm collection isalso screened 
for resistance to eight rice insects (Table 1). 
Resistance to the brown planthopper (BPH) Nila-
parvatalugens, whitebacked planthopper (WBPH)Sogatellafurcifera,green leafhopper(GLH) Nepho-
tettix v'irescens, and the zigzag leafhopper (ZLH) 

Reciliadorsalisisstudied on seedlings in seedboxes 
in the greenhouse. Screening for resistance to theyellwsemad sripdores i carie ou inthe 
yellow and striped stem borers iscarried out inthe 

screenhouse or in "hot spots" in the field. Resis-
tancemechanism, 

philippina is
evaluated inthe field, and resistance 

to leaf folder in the greenhouse. Of the approxi-
mately 60,000 accessions in the IRRI germplasm 
collection, many have been screened against the 
BPH, WBPH, and GLH. In 1982, almost 300 

additional varieties were identified as resistant to 
these insects. Methods are currently being devel-
oped for screening rices for resistance to thrips
Baliothrips biformis and rice stink bug toctris 
oratorius, 

Sources of green leahopper resistance in IR 

varieties (Entomology).Most ofthe varieties used 
as parents inthe breeding of IR5 to IR54 were 
evaluated in the greenhouse to determine their level 
evalateisanc.Of e at teirhtlelthen sesten 
of GLH resistance. Of the varieties tested, eight had 

Table 1. Number of germplasm accessions screened and 
selected for resistance at IRRI through 1982. 

Accessions 

Tested 

(no.) no. % 

Brown planthopper 
biotype 1 30 790 281 0.91 
biotype 2 8922 126 1.41 
biotype 3 10711 148 1.38 

Whitebacked planthopper 46488 391 0.34 
Green leafhopper 47 944 1 196 2.50 
Zigzag leafhopper 2 370 36 1.52 
Yellow stem borer 19961 25 0.13 
Striped stem borer ca 15000 18 0.12 
Whorl maggot 15787 1 0.01 
Leaf folder 9838 85 0.86 
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high levels of GLH resistance (Table 2). Several of 
the IR varieties have two or more of these resistant 
varieties as parents in their pedigree. TKM6 also 
has a gene for BPH resistance and is moderately 
resistant to stem borers and leaf folders. 

NATURE OF RESISTANCE 

Entomology Department 
Tolerance for the brown planthopper. ToleranceTlrnefrtebonpatopr oeac
 
may be one of several strategies for coping with theBPH biotype problem. Tolerant rice cultivars arelikely to offer little or no selective advantage to the 

pest to develop a new BPH biotype. When biotype 
selection is detected and the first line of defense
provided by major genes is removed, the tolerance 

as a second line of defense, will
 

continue to function. This would buy time betweenthe breakdown of the variety possessing both 
specific resistance and tolerance and the release ofa
 

new variety. 
Tolerance isthe ability of a variety to grow and 

produce grain or to repair injury despite the 
presence of an insect population that would destroya susceptible variety. Seedbox screening techniques 
have been developed to identify tolerant and 
moderat-,y resistant rice varieties. The commonly 
used seedling screening test was modified inthat 
older plants (10-12 d) were used at the time of 
infestation, plants were infested with fewer insects 
(four or five first-instar nymphs per seedling), and 
the F, progeny rather than the initial infestation 

caused the plant damage. Varieties, such as IR46, 
Kencana, Triveni, and Utri Rajapan, with a damage 

Table 2. Parents of IR varieties having GLH resistance.
IRRI, 1982. 

Variety Accession no. Damage ratingg 

BPI 121 15762 3 
Gem Pai 00831 3 
Latisail 08340 3 
Ptb 18 06105 1 

Ptb 21 06113 3 
Peta 00035 3 
Sigadis 00611 3 
TKM 6 00237 3 
1R29 (R check) - 1 
TN1 (S check) - 9 
1980 SES. 
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rating of 3-6 in the common seedbox screening test, 
used in assessing the level of antibiosis or 

were 
tole "ance,or both, to BPH biotype 2. 1R26 was the 
susceptible check. 

Tolerance tests. Plant tolerance was measured 
using the formula: 

_dry weight 

Functional of infested damage 
plant loss = I- plants I scr 

index (FPLI) dry weight | 
9of uninfested plantsBPH

L plants J J 

The insect dry weight, produced through the 

reproduction cf BPH feeding on the varieties, was 
measured as an indicator of the antibiosis level. 
The FPLI was highest in IR26 at all levels of BPH 
infestation, whereas it was significantly lower in 
moderately resistant varieties, indicating the pres
ence of tolerance or lower levels of antibiosis in 
these varieties. The insect biomass produced was 
almost identical on susceptible IR26 and moder-
ately resistant Utri Rajapan. However, the BPH 
dry weight was significantly less on the other 
moderately resistant varieties IR46, Kencana, and
Triveni at all infestation levels. This indicates that 
the modeatelly rnesstaontlve.Tis t atee t 
the moderately resistant varieties tested, except 
Utri Rajapan, have both tolerance and antibiosis, 
the levels of which vary. The plant dry weight, in 
milligrams loss per milligram of BPH dry weight 
produced, was significantly less in Utri Rajapan 
(32.78) than in IR26 (51.78). The low plant loss is 
evidence of the high levels of tolerance in these 
varieties. The relationships among the FPLI, BPH 
dry wtight, and plant weight utilized per BPH dry 
weight produced isillustrated in Figure 1. 

Utri Rajapan had no antibiosis, the BPH growth 
index on it being similar to that on lR26. However, 
BPH had a lower growth index on IR46, Kencana, 
and Triveni than on IR26, indicating the effect of 
moderate levels ofantibiosis. Results in the relative 
growth rate were similar (Table 3). 

The pooled regression estimate of all varieties 
for the FPLI on insect dry weight was significant, 
indicating the possible separation of varieties 
having the various combinations of antibiosis and 
tolerance (Fig. 2). The regression line and the mean 
of BPH dry weight (K)are useful in categorizing 
the varieties by their resistance components. The 
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1. FPLI, BPH dry weight, and plant dry weight utilized per 
milligram of BPH in rice varieties at 32 Dl. Meanofthreelevels 
of infestation and five replications. IRRI greenhouse, 1982. 

points based on the observations on susceptible 
IR26 fell distinctly into the antibiosis-absent, 
tolerance-absent category while those on Utri 
Rajapan fell into the antibiosis-absent, tolerance
present category. IR46, Kencana, and Triveni 
points fell mostly to the left of vertical line (x) 
indicating the presence of antibiosis and various 
levels of tolerance. 

Further tests were conducted in the field. The 
BPH populations reached high levels in the field 
cages, providing reliable conditions for measuring 
levels of tolerance and antibiosis among test 
varieties. By 50 d after infestation (DI), the IR26 
plants had a damage rating of 9 and were coin
pletely hopperburned, resulting in 100% yild 
reduction (Table 4). Utri Rajapan, despite a high 
BPH population of 815 nymphs/hill, had a low 
damage rating of 3and a low 35.5% yield reduction. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 55 



Table 3. Assessment of tolerances in rice varieties exposed to various BPH levels for 32 d. IRRI greenhouis, 1982. 

Insect-dry wt Plant dry wt (mg) 

Variety FPLI (mg) produced
by feeding on rice 

utilized per mg of 
insect dry wt 

Tolerance 
index 

Insect growth 
index 

Relative 
growth 

varieties produced rate 

IR26 (S) 89.7 a 337.90 a 51.78 a - 6.06 a 0.1333a 
IR46 (MR) 64.7 b 188.92 d 52.44 a 0.56 c 5.44 c 0.1315 ab 
Kencana (MR) 56.8 c 254.76 b 36.21 b 0.75 b 4.69 d 0.1285 bc 
Utri Rajapan (MR) 54.9 c 339.26a 32.78 b 1.00 c 6.03a 0.1319ab 
Triveni (MR) 55.0 c 221.40 c 39.73 ab 0.65 bc 5.72 b 0.1261 c 

aAv of three levels of infestation (25, 50, 100) of 1 to 2-d-old nymphs and two plant ages (35 and 48 d old). 

Grain yield recovery test. Fifty-five-day-old moderately resistant to the tungro virus (RTV).
plants were infested with various levels of newly However, disease recovery in Utri Rajapan was 
hatched BPH nymphs. They were covered with only 5%compared with 80% in TN I(Table 8). This 
nylon mesh cages until the first-generation popula- was confirmed by serological studies that indicated 
tion buildup at 28 DI. The insects were then that both spherical (RTSV) and bacilliform 
removed and the plants allowed to grow and (RTBV) virus particles occurred in the susceptible 
recover until grain maturity. The grain yield of TNI, but only the RTBV particle occurred in 
infested plants was compared with that of unin- moderately resistant Utri Rajapan and resistant 
fested plants. Grain yield of Utri Rajapan (81.93%), IR29. Because both RTSV and RTBV particles are 
was equal to that of the resistant check IR54 and necessary for a plant to serve as a virus source,
significantly higher than that of the susceptible GLH cannot transmit RTV from an Utri Rajapan
1R26 (Table 5). or IR29 plant to another rice plant. Thus, Utri 

The incidence (Table 6) and recovery (Table 7) Rajapan isa good source of tolerance for BPH and 
of BPH-transmitted rice ragged stunt virus (RRSV) resistance to ragged stunt and RTV. 
was significantly less in Utri Rajapan than in TN 1. A brown planthopper population that feeds on 
Although Utri Rajapan issusceptible to GLH, it is IR36. After IR26 having the Bph I gene for BPH 

FPLI (%) 
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2. Identification of components of resistance to BPH using dry weight (antibiosis
 
factor) and FPLI (tolerance indicator) in rice varieties. IRRI greenhouse, 1982.
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Table 4. Grain yield reduction in rice varieties exposed to various levels of BPH infestation in field microplots (1-m 2 ) 

cage0 IRRI farm, 1982 DS. 

Grain yield reduction (%)when variety was exposed tc 

Variety 
17 pairs BPH 35 pairs BPH 70 pairs BPH 

IR26 (8) 10000 (a) a 100.00 (a) a 100.00 (a) a 

IR46 (MR) 28.8 (a) b 41.19 (a) bc 48.64 (a) bc 
19A1 (b) b 25.75 (ab) bc 55.53 (a) bcKencana (MR) 
11.16 (b) b 13.54 (b). c 50.10 (a) bcKelubalswee (MR) 

Utri Rajapan (MR) 21.77 (a) b 19.63 (a) bc 35.48 (a) c 
72.B9 (a) abMoharathkundawee (MR) 31 A5 (b) b 46.34 (ab) b 

Triveni (MR) 35.9 (a) b 35.88 (a) bc 49.32 (a) bc 

IR54 (R) 21.59 (a) b 26.88 (a) bc 28.99 (a) c 

Mahsuri () 100.00 (a) a 100.00 (a) a 100.00 (a) a 

Infested with 17, 35, and 70 pairs of 1-to 2.d.old adult BPH.Separation of means in aaEach microplot of 35 hills was 


column (without parentheses) and means in a row (with parentheses) by Duncan's Multiple Range Test at the 5% level.
 

and MR rice varieties exposed to various levels of BPH infestation for 28 d.Table 5. Grain weight loss (%)a in S, R, 
IRRI greenhouse, 1982. 

Grain wt loss (%) at initial infestationb of Av grain wt loss 
of three infes-Variety 

50 insects 100 insects 200 insects tation levels 

49.1 65.9 e 49.1 cIR26 (S) 32.1 abc cde 
24.1 abcd 199 aIR54 (R) 17.0 a 18.7 ab 

18.1 aUtri Rajapan (MR) 8.6 ab 20.7 ab 24.9 abc 
35.1 abcd 42.9 bcde 34.7 bIR46 (MR) 26.2 abcd 

53.1 de 39.0 bTriveni (MR) 25. abcd 38.1 bcd 

Grain wt without Grain wt with bEach pot of two 50-d-oldaAv of five replications. 
Grain wt loss = BPH infestation - 3PH infestation X 100. 

Grain wt without BPH infestation 

plants was infested ith 1st.lnstar nymphs. 

Table 6. RRSV-diseased plants at 60 DI in susceptible (S) 
and moderately resistant (MR) rice varieties exposed to 
various levels of RRSV-viruliferous BPH for 24 h IRRI 
greenhouse, 1982. 

RRSV-diseased plants (%) 

at initial lnfestationb ofVariety 

1 insect 5 insects 10 insects 

TN1 (S) 15 45 64 
Utri Rajapan (MR) 
Difference 

0 
15 ns 

15 
30"* 

20 
44"* 

aAv of four replications, bEach pot of one 10-d-old plant 

was infested with 4thinstar nymphs. 

Table 7. Recovery of RRSV disease for 3 subsequent days 
from S and MR 60-d-old rice plants infested with 10 
RRSV-viruliferous BPH. IRRI, 1982. 

Recovery of RRSV (%)from 

Recovery period 
TN1 (S) Utri Rajapan (MR) 

1st day 
2nd day 
3rd day 

Variety mean 

10.66 b 
10.84 b 
18.30 a 
13.27 

1.06 a 
1.54 a 
1.71 a 
1.44 

2 replaced IR26 and has been successfully planted 

on more than 10 million ha. IR36 has been planted.resistance was planted for about 2 yr in Indonesia, 

Philippines, and Vietnam, it became susceptible for 6 yr in some areas.
 
because the planthopper population shifted to In 1982 reports from Mindanao in the southern
 

oiotype 2,which could feed on and destroy it. IR36 Philippines indicated that IR36 was being damaged
 

with thebph 2 gene conferring resistance to biotype by BPH. Hoppers collected from IR36 in Minda-
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Table . Recovery of RTV disae from S, MR, and, R 25-
d-old rice plants infested with seven RTV-viruliferous 
GLH, and the frequency of bacciliform (RTBV) and 
spherical (RTSV) particles from infected leaf samples. 
IRRI, 1992. 

Occurrence of 
Recovey virus particles (%)(%) 


Variety""VaieyRecovery (%) _of RI'V RTBV_____ RTSV:":of RTV

TN1 (S) 80 100 80 
Utri Rajapan (MR) 
I R29 (R) 

5 
5 

93 
53 

0 
0 

nao were compared with biotype-2 hoppers cul
tured in the greenhouse. As expected, biotype 2 
was able to damage 1R26, but not IR36 and 1R42, 
which have the bph-2 gene, nor IR56 and Rathu 
Heenati, which have the Bph 3 gene for resistance 
(Fig. 3). The Mindanao biotype, however, was able 
to feed on and damage and multiply on IR26, 
IR36, and 1R42 indicating that the population is 
probably a new biotype. 

Because a shift in biotype was expected after the 
planting of IR36 for several years, varieties resistant 
to biotype 3had been identified and used as donors 
in the breeding of resistant varieties. IR56 is one 
such variety, and several tons of seed have been 
shipped to areas where this new biotype is re-
portedly destroying IR36. 

Brown planthopper resistance in wild rice. Of 
the 343 wild rice accessions screened for BPH 

resistance, 149 were resistant to biotype 1, 125 to 
biotype 2, and 128 to biotype 3. Many were 
resistant to all three biotypes. These varieties may 
offer new gene sources for BPH resistance. 

In 1981-82, the mechanisms of BPH resistance in 
selected wild rices were studied. In the modified 
seedbox screening test, several accessions were 
resistant to the three biotypes (Table 9). Several 
were from countries other than India and Sri 
Lanka, the major sources of resistance in 0. sativa. 
The hoppers were not able to reproduce and 
multiply on the resistant accessions (Table 10). The 
low population growth on the resistant varieties 
may have been due to the lack of feeding as 
indicated by the amount of honeydew excreted 
(Table II). The low amount ofblue spots produced 
by the reaction of honeydew on bromocresol 
green-treated filter paper indicated low feeding on 
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3. Plant damage, insect population, and growth index of 
Mind..iao BPH and BPH biotype 2on selected varieties. IR26 
has the Bph I gene, IR36 and IR42 the bph 2 gene, and IR56 
and Rathu l-eenatitheBph3geneforlBPHresistance.TNI has 
no gene and issusceptible. IRRI, 1982. 

the phloem, the source of nutrients. BPH on the 
susceptible varieties, however, produced copious 
amounts of blue spots and few pale-colored spots, 
indicating higher levels of phloem feeding than 
xylem feeding. This result suggests the presence in 
the phloem of some factors that prevent feeding on 
resistant accessions. 

The low feeding activity on the resistant acces
sions resulted in shorter life-spans of the females 
- and low egg production (Table 12). Egg hatching 
was also lower and the location of egg deposition 
was higher on the leaf sheath in resistant accessions 
than in the susceptible accessions. 

"Multipleresistance ofChinese rice varieties. The 
search for varieties having moderate BPH resis



Table 9. Screening of wild rice varieties for BPH resistance by the modified seedbox screening test. IRRI, 1981-82. 

Variety Damage grade& 

Name 
Acc. no. Origin Eiotype 1 Blotype 2 Biotype 3 

Test I 

0. perennis 100844 Madagascar 9.0 9.0 8.3 

O. punctata 100954 Japan 1.7 1.0 2.3 
3.00. punctata 101409 Ghana 2.3 3.0 
1.0O. punctata 100937 China 1.7 2.3 

0. minute 101081 Philippines 1.0 1.7 1.0 

0. ruflpogon 100184 Cuba 9.0 8.3 83 
4.3 4.20. ruflpogon 100910 Thailand 5.0 
3.0 3.00. latifolla 100914 Mexico 2.3 

3.00. latifolla 100956 India 2.3 3.0 
3.00. latifolla 100964 Guatemala 30 30 

1.7 3.0 3.00. latifolia 100962 Guatemala 
0. nivara 102165 India 3.0 3.0 3.0 

1.0 1.0 1.00. officinalIs 101155 Malaysia 
9.0 9.0TN1 - - 9.0 

1R26 - - 3.0 8.3 3.0 

ASD 7 - - 3.0 3.3 8.3 

Test 2 
6.30. punctata 100892 India 3.0 3.0 

0. minute 100887 India 2.3 5.0 5.7 

0. latlfolia 100168 Costa Rica 3.0 3.7 2.3 

0. latifolia 100172 Guatemala 1.0 3.0 3.7 
5.00. latlfolie 100895 USA 1.0 3.0 
3.70. latlfolia 100965 Costa Rica 1.7 4.3 

0. latifolia 100966 Panama 1.0 3.0 5.0 

0. latifolia 102481 Nicaragua 1.7 3.0 1.7 

0. n/vara 101970 India 5.0 7.7 6.3 
0. n/vare 102185 India 3.0 3.0 1.7 

50 6.30. n/vara 101973 India 3.7 
9.0 9.00. nivara 101979 India 9.0 

0. nivara 102467 Bangladesh 9.0 9.0 9.0 
9.00. n/vara 100197 Burma 9.0 9.0 

0. officinalis 101414 India 1.0 1.0 1.0 

0. barth/i 101243 Mali Rep. 3.0 7.7 4.3 

0. longistaminata 100930 Sudan 9.0 9.0 9.0 

0. n/vara X ruf/pogon 101966 - 7.7 8.3 6.3 
0. sativa f. spontanea 100901 India 5.0 7.7 8.3 

0. sativa f. spontanea 100902 Japan 8.3 9.0 8.3 

0. sat/va f. spontanea 100920 Malaysia 8.3 9.0 9.0 

0. satva f. spontanea 100942 India 8.3 7.7 9.0 

0. sativa f. spontanea 100943 India 8.3 7.7 9.0 

TN1 -  9.0 9.0 9.0 

ASD 7 -  3.0 3.5 9.0 
8.3 3.0IR26 - - 3.7 

on the 1980 SES: 1 = little or no damage; 9 = all plants dead; 1.0-3.9 = R; 4.05.9 =aAv of three replications, based 
= MR; 6.0-79 S; 8.0-9.0 = HS. 

tance continued. It is expected that these varieties Two Chinese varieties, Pao-Hsun No. 2 and 

will have a general or horizontal type of resistance Pao-Tai-Ai, were found to have moderate resis

that would provide control for all biotypes. Al- tance to the three biotypes at IRRI (Fig. 4). They 

though varieties with high resistance (specific or were resistant not only to BPH but also to GLH, 

vertical resistance) are primarily from India and Sri and moderately susceptible or moderately resistant 

Lanka, varieties with moderate resistance from to several other insects (Table 13). Both had low 

other countries have been identified in the IRRI levels of resistance to RGSV possibly because of 

screening program. their resistance to BPH, its vector. 
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Table 10. Population growth of BPH biotype 2 on wild rice varieties.' IRRI, 1981. 

Variety Damage Insects# (no./cage) 

Name Acc. no. rating 3rd Instar 4th instar 5th Instar Adult Total Ratiob 

O. perannlt 100844 S 102.2 abc 212.4 a 216. a 35.4 a 5663 a 30. 
0. ruflpogon (Cuba) 100184 S 36.2 bcd 62.0 a 199.8 a 27.8 a 325. a 17.7 
0. puncreta 100954 R 5.6 d 10.8 b 2.0 d 0.0 b 18.4 c 1.0 
O. Iatlfolla 100962 R 34.0 bc 43.4a 13.6 c 0.2 b 91.2 bc 5.0 
0. ruflpogon (Thailand) 100910 MR 104.8 ab 158.6 a 281.2 a 20.6 a 565.2 a 30.7
 
TN1 - S 49.2 cd 163B a 312.4a 18.6 a 543.8 a 29.6
 
ASD7 - R 79.6 b 133.0 a 22A c 1.6 b 23r.6 b 12.')
 
IR26 - S 218.2 a 222.2a 160A ab 18.2 a 619.0 a 33.6
 

'Three pairs (female and male) of 3-d-old adults of BPH biotype 2 reared on 30 d-old IR26 seedlinqs were released in 
each cage of potted plants. Av of five replications. bFigures are ratios of total insects on a given. iaty to the lowest 
total insect population, 18A on 0. punctat. 

Table 11. Honey excretion of BPH biotype 2 on wild rice varieties.' IRRI, $981. 

Varieties Damage rating Honeydew area (mm 2 ) 

Name Acc. no. Blue color Pale color Total 

0. perennls 100844 S 852.0 a 7.8 c 859.8 a 
0. ruflpogon 100184 S 638.6 ab 12.6 bc 651.2 ab 
0. punctat. 100954 R 6.2 c 47.6 ab 53.8 c 
0. latIfolI 100962 R 50.0 c 27.6 abc 77.6 c 
O. ruflpogon 100910 MR 152.0 c 65.2a 217.2 c 
0. nlvara 102165 R 100.6 c 27.4 abc 128.0 c 
TN1 - S 735.6 ab 12.2 bc 7478 ab 
ASD 7 R 146. c 44.2abc 191.0 c 
IR26 S 514.2 b 25.0 bc 539.2 b 

'Average of five replications. 

Table 12. Life-span, fecundity, egg hatchabil:; i, and location of egg 6eposition by BPH biotype.2 females on wild rice 
varieties.a IRRI, 1982. 

Variety Damage Female Eggs laid per Eg Location of egg
 
rating life-span (d) female (no.) hatching depositic "
 

Name Acc. no. Range Mean(mm)
 

0. punctata 100954 R 4-9 5.8 c 28 c 55.37 c 198.2Ca " 
0. latlfolib 100962 R 9-21 14.9 b 169 bc 74.53 bc 149.5 b* 
O. rufipogon 100910 MR 10-31 18.3 ab 401 a 81.64 ab 43.1 c 
0. perenis 100844 S 13-33 23.2 a 421 a 79.67 ab 32.8 c 
IR26 - S 9-27 17.3 ab 359 a 94.24 a 24.5 c 
ASD 7 - R 4-26 13.1 b 222 ab 98.07 a 35.9 c 

aAv of 10 replications on 30-d-old seedlings. bDistance from the base -f plant to the location where the lowest egg was 
laid. CSome egg masses were laid in the leaf near the midrib. 

The moderately resistant accessions 0. ruff- damage as indicated by the FPLI was significantly 
pogon (Acc. 100910) and 0. nivara(Acc. 101973) lower on the moderately resistant accessions. Also, 
showed BPH tolerance. The BPH survived on the plant weight loss in milligrams per milligram of 
them and supported populations equal to those on insect produced was lowest on the moderately 
the susceptible varieties (Fig. 5). However, plant resistant accessions. This indicates that the insects 
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4. Reaction of selected varieties to the three BPH biotipes using the modified seedbox screening test. 
IRRI, 1982. 

Table 13, Reaction of two Chinese rice varieties to various Percent 

rice insects and diseases. IRRI greenhouse and screen- 100 *BPH population 
house. 1981. 90- BPHdry wt 

; ,/FPLI I mgplant wt loss per 

Rice insect or disease 70 " 
Pao Hsun #2 Pao Tat-Ai 70 

60 Survival
BPH MR 	 MR/ 

MS 50tWBPH MS 
YSB MSSSB MSS 40 

0TGLH R R 
Leaf folder MR MR mg a 
RCW MS MS 70 1636 
BLB S S 60 
RTV S S a 

RRSV S S 50o 
RGSV MS MS 40 

obtained for its growth sufficient nutrients from 20 c 
the plant, but that the plant was not damaged. The 10 

susceptible varieties, on the other hand, provided a 01 1 
IR26 0 peenn/s 0 rurpopao 0 nivoralarge amount of plant nutrients to support hopper Ace 100844 Arr 100910 Acc. 101973 

growth. It appears that the sap of the moderately (S) (S) (MR) (MR) 
resistant varieties is much more nutritious than 
resthatthssctbl varieties asmu taendthtony 5. FPLI, insect dry weight, population, p!ant weight loss, and 
that ol" the susceptible varieties and that only a survival of BPH biotype 2on selected wild rice varieties. IRRI, 
small amount, which causes li~tec plant weight loss, 1982. 
isrequired to sustain the insect population. This is 
a characteristic of tolerant varieties such as Utri Minor genes for whitebacked planthopper resis-
Rajapan. Because tolerant varieties exert no selec- tance. Plant breeders have identified four major 
tion pressure for biotype development, they may be genes for resistance to the WBPH, a pest whose 
important sources for the breeding program. importance is increasing in Asia. Tl.:e tests were 
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conducted to determine whether the level of resis- varieties. However, the insects survive only for a 
tance differed among varieties with the same major few days. Previous studies have shown that the 
gene, Wbph I or Wbph 2. Varieties were compared leafhoppers feed on xylem sap ofresistant varieties 
on the basis of the damage rating of seedlings in the and on phloem sap of susceptible ones. The insects 
seedbox test and WBPH survival and population cannot survive on the xylem sap because it lacks 
growth - all of which varied significantly (Table nutrients. Studies in 1982 showed similar feeding 
14, 15). activity, as indicated by honeydew excretion, on 

The results indicate that the varieties have minor susceptible, moderately resistant, and resistan: 
genes that modify the effect of the major gene and varieties (Table 16). Analysis of the pH of honey
play an important role in determining the level of dew excreted on filter paper indicated that the 
WBPH resistance. It isexpected that these minor spots were acidic, acidic + basic, or basic. Acidic 
genes would slow the rate of biotype selection. spots indicate xylem and basic spots phloem 

Green leafhopper feeding and tungro virus feeding. As the level of resistance increased, the 
transmission. In contrast to the BPH, the GLH amount of xylem feeding increased - reaching 
feeds on and excretes honeydew on resistant rice 90% in resistant IR29. The percentage of RTV 

infection was related to the degree of phloem 
Table 14. Damage rating, nymphal survival, and popula- feeding; it ranged from 99 in 1R22 (susceptible) to 
tion growth of the WBPH on varieties with the M4'ph 1 14 in IR29 (resistant). RTV infection in the 
gene for resistance. IRRI, 1982. 

- moderately resistant varieties was intermediate. 
1980 SES Population This indicates that the mechanism for resistance

Variety Damage growthb occurs in the phloem. When the leafhoppers
(9DI) (per 5 females) cannot feed on the phloem and are forced to feed 

the xylem, the RTV particles, which are 
N22on 

N32 6.3 84 bcd 350 bcdef injected, do not cause RTV symptoms. 
Latighawar 4.3 81 cd 330 bcdef Tungro virus transmission by green leafhopper 
Sonpattar45 3.0 86 bcd 289 bcdef biotypes. Since the release of IR8, GLH-resistant 
B-nsphul 3.7 84 bcd 333 bcdef varieties have been widely grown throughout Asia. 
P580 5.0 87 bed 313 bcdef 
Senawee 4.3 88 bcd 106 g Resistant varieties have been instrumental in con-
W 128 5.0 88 bcd 387 abcdef trolling GLH-vectored RTV. In 1982 greenhouse 
SM 2-34 3.7 79 d 195 f studies were conducted to determine whether GLH 
Sufaida 172 3.7 78 d 375 abcdcf 
Tirisurkh 251 5.0 94 abc 309 bcdef biotypes that developed and reproduced on re-
Jhinuwa 5.0 84 bcd 340 bcdef sistant varieties could be selected and whether the 
Sathra 205 4.3 87 bcd 384 abcdef 
Sukhwel 7.0 80 r1 316 bcdef 
Muskhan 2.3 88 bcd 261 cdef Tablo 15. Damage rating, nymphal survival, and popula-
Zirijowaian 245 3.7 80 d 2f.4 bcdef tion growth of the WBPH on varieties with the Wbph 2 
Siahnakidar 195 4.3 83 cd 241' def gene for resistL.,,:e. IRRI, 1982. 
C1 6037-4 3.0 79 d 283 bcdef 
S 39 JK 10 5.0 81 cd 'S3 abcdef Damage Survivala Population 
MP 97 3.0 81 cd 33 bcdef Variety rating ) growthb (per 
76 S 4.3 79 d 27V cdef (9D) five females) 
18 7.0 88 bc.d 285 cdef 
39 5.0 95 ab 545 ab ARC 10239 4.3 73 cd 4812 a 
78 	 6.3 87 bcd 463 abcd Cheriya ch:ttari 2.3 ") f 41.8 c 
" A 5.7 84 bcd 234 ef Chempan 1.0 41 f 47.0 c 
80 5.7 89 abcd 457 abcd Sinnanayan 5.0 89 b 760A a 

213 B 3.7 88 bcd 435 abcde ARC 13340 9.0 91 b 639.4 a 
267 3.7 86 bcd 489 abc MGL 1 5.7 86 bc 463.2 a 
293 3.7 91 abcd 251 def BAM 3 2.3 61 de 201.0 b 
IR2035-117-3 4.3 49 e 30 h IR2035-117-3 1.7 47 ef 31.8 c 
(R check) (R check)
 
TN1 (Scheck) 9.0 100 a 629 a TN1 (S check) 9.0 100a 629.8 a
 
9 Av of five replications; determined at 15 Dl. bAv of five aAv of five replications; determined at 15 DI. bAv of five 
replications; counted at 30 DI. 	 replications; counted at 30 DI. 
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Table 16. Honeydew excretion by viruliferous GLH and RTV infection in rice varieties. IRRI, 1982. 

Level of GLH Area of honey- Honeydew excretion (% of spots) RTV 

resistacdew spots Acidic 

(xylem) 

IR22 S 228 a 0 
IR8 MR 187 b 51 
IR24 MR 179 b 48 
IR40 MR 172 b 57 
IR29 R 197 ab 90 

ability of the insects to transmit RTV increased 
with selection. Biotypes were successfully selected 
on Pankhari 203 with the Glh I gene for GLH 
resistance, IR8 with the Glh 3gene, Ptb 8 withglh 4 
gene, TAPL #796 with the Glh 6 gene, and Moddai 
Karuppan with the Glh 7 gene. No biotypes could 
be selected on ASD 7 with the Glh 2 and on ASD 8 
with the Glh 5 gene. 

The biotype selected on highly resistant Pankhari 
203 was called the Pankhari 203 colony and the 
biotype on the moderateiy resistant IR8, the IR8 
colony. Growth of the Pankliari 203 colony on 

Pankhari 203 and of the IR8 colony on IR8 were 
equal to that of the TN I colony on TN 1(Fig. 6,7). 
Ability to infest the resistant varieties with RTV 
also increased somewhat, but less than did insect 

growth. The increase was apparently related to the 
increased feeding on the phloem, as indicated by 
the area of basic honeydew spots produced when 
feeding over bromocresol green-treated filter paper. 
The results indicated that, after 19 generations of 

Groth index Basic honeydew spots (mn 
250 

201 

4 -60

100 

L t 

o --- LC o 
s C C 

Acidic + basic Basic 

(xylem + phloem) (phloem) 

60 
41 
43 
40 
10 

40 
8 
9 
3 
0 

99a 
78 
71 
43 
14 

b 
b 
c 
c 

selection on the highly resistant Pankhari 203, 
insect growth was equal to that on a susceptible 
variety. The amount of phloem feeding (rather 
than xylem) and subsequent RTV transmission 
increased but lagged behind the increase in insect 
growth. In moderately resistant IR8, phloem feed
ing again lagged behind the increase in insect 
growth. RTV infection on Pankhari 203 increased 
from 14% in the TN1 colony to 23% in the 
Pankhari 203 colony. Continuing studies will 
indicate whether phloerm feeding and subsequent 
RTV infection will continue to increase after 
further selection on Pankhari 203. 

Leaf folder resistance. Screening of the germ
plasm collection for leaf folder resistance began in 

1981 and about 80 moderately resistant accessions 
have been identified. In 1982, varieties were studied 
to determine why they were resistant. Adult moths, 

whether or not they were given a choice of varieties, 
preferred not to oviposit on the resistant varieties. 
Leaf width and egg number were highly correlated. 
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6. 5LH growth index, area of basic honeydew spots on filter paper, and RI V infection caused by the feeding of 

the Fankhari 203 insect colony on Pankhari 203 and the TNI colony on Pankhari 203 and TNI. IRRI, 1982. 
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7. GLH growth index, area of basic honeydew spots on filter paper, and RTV infection caused by the feeding of 
the IR8 insect colony on IR8 and the TNI colony on IR8 and TN I. IRRI, 1982. 

There was no difference in larval survival among 
the varieties. Only in two varieties was pupa weight 
lower than in the susceptible check. When given a 
choice of varieties, they least preferred the resistant 
varieties, on which feeding damage was lowest as 
indicated by the area of leaf scraping and feces 
weight. Resistance apparently involves the moth's 
nonpreference for oviposition and the larva's non-
preference for feeding as well as a reduced feeding 
rate. 

Rice susceptibility to storage insects. In 1982, 
rce varieties were evaluated for resistance to 
storage insect's for the first time. Varieties were 
tested against the major rice grain pests, the 
Angoumois grain moth (AGM) and the lesser 
grain borer (LGI3). 

SusceptibilityoflR varieties.The AGM suscep-
tibility index of 23 IR varieties was determined on 
the basis of the number of emerging F1 adults (F) 
and the mean developmental period in days (D): 

Susceptibility index D (X Itr
O 

The susceptibility indices differed significantly 
among the IR varieties. IR50 was the most suscep- 
tible and IR42 and IR46, the least susceptible 
(Table 17). Grain weight loss due to AGM infesta-
tion was highest in IR50 and lowest in IR42 and 
IR46. 

Effect ofdifferent grainqualities. Varieties with 
different chemical characteristics such as amylose 
content, gel consistency, and percentage of milled-

rice protein were evaluated for their AGM and 
LGB resistance. No correlations were found. 

INHERITANCE OF RESISTANCE 
Plant Breedingand Entomology Departments 

Whitebacked planthopper. Inheritance and alle'ism 
of genes for resistance to WBPH in 21 resistant rice 
varieties were studied. Oite-leaf-stage seedlings 
were artificially infested in the greenhouse with 
second- and third-instar WBPH nymphs. Reac
tions of the seedlings were recorded 7-10 DI, when 
the susceptibie check, TNI had already been killed. 

Study of the mode of inheritance from the F1, 
F2., and F3 populations of the crosses of test 
varieties with TN I revealed single dominant genes 
confer resistance in S. 2204, RDS 19, Toga 378, 
JKW 141, Gokhue Saier, Dharia, Faram Bajari, 
Karmuli, Kashi Prasad, Munji 389, Lal Dhan 304 
(A), Safed, 357, Lal Dhan 304 (B), Ratua 394, and 
Nakhi. Two independent dominant genes governed 
resistance in Early Su~arsar 39, C.I. 6008-1, Son 14,
C.I. 6010-1, and JKW S18. 

Test varieties were crossed with IR13475-7-3-2, 
homozygous for Wbph I, and IR30659-2-165, 
homozygous for Wbph 2, to determine allelic 
relationships. Genetic analysis of F1, F2, and F3 
populations from these crosses revealed that singlc 
dominant genes in RDS 19, Toga 378, JKW 141, 
Gokhue Saier, Dharia, Faram Bajani, Karmuli, 
Kashi Prasad, Munji 389, Lal Dhan .'4 (A), 
Safed, 357, Lal Dhan 304 (B), Ratua 39, , and 
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Table 17. S susceptibility of IR varieties and grain,aM 
weight low -a to AGM infaetation. IRRI, 1982. 

Susceptibilityb Grain wt Iossc (g) 
index 

IR5 3.56 cd 0.76 odefg 
IRB 1.87 efg 0.62 efg 
IR20 2.25 efg 0.50 fg 
IR22 1.61 fg 0A4 g 
IR24 2.76 def 0.70 defg 
IR26 1.98 efg 0A6 g 
IR28 1.94 efg 0.58 efg 
IR29 3.86 cd 1.28ab 
IR30 5.25 b 1.38 a 
IR32 2.01 efg 0.60 efg 
IR34 1.80 efg 0.64 efg 
IR36 3.64 cd 0.98 cd 
IR38 2.88 do 0.72 defg 
IR40 4.47 bc 1.06 bc 
IR42 1.32 g 0.46 g 
IR43 3.41 cd 0.82 cdef 
IR44 
IR45 

2.02 
2.92 

efg 
de 

0.72 
0.86 

defg 
cde 

IR46 1.32 g 0.46 g 
IR48 4.26 bc 1.34 ab 
IR50 7.52 a 1.52 a 
IR52 
IR54 

1.96 
1.87 

efg
efg 

0.64 
0.64 

efg
efg 

OAvereged over five replications. bSusceptibllity Index is 
significantly correlated with the loss of grain weight. r = 
0222. cPer 30 g wight prior to the test. 

Nakhi are allelic to Wbph 1,but the dominant gene 
of S. 2204 is independent of and nonallelic to both 
Wbph I and Wbph 2. The two independent 
dominant genes governing resistance in C.l. 6008-1 
are Wbph I and Wbph 2. However, resistance in 
Early Sutarsar 39, Son 14, C.I. 6010-1, and JKW 
S18, is governed by Wbph I and an unknown 
independent dominant gene.Genes for insect resistance. Six genes for BPH

esitane. 

resistance and seven for GLH resistance have been 

identified (Table 18). Several of these genes have 

been incorporated into varieties that effectively 

control these pests over thousands of hectares. 

Four genes for WBPH resistance have been identi-

fled and are being utilized in the 1'.eeding program. 


Gene fo Enect ix gnesforBPH 

BIOCHEMICAL BASIS FOR STRIPED STEM BORER 

RESISTANCE 

Chemistry and Entomology Departments 

Compound A, the oviposition deterrent to striped 
stem borer (SSB), identified from the volatile oil of 
TKM6 rice plants, was assayed in steam distillate 

Table 18. Genes for insect resistance identified through 
1982. 

Insect Genes 
Identified (no.) 

Designation 

BPH 

GLH 

6 

7 

Bph 1,bph 2, Bph 3, 
bph 4 plus two un
named genes. 
GIh 1, Glh 2, GIh 3, 
glh 4, GIh 5, GIh 6, 
Glh 7 

WBPH 4 Wbph 1, Wbph 2, 
Wbph 3, wbph 4 

of selected resistant rice samples and Rexoro 

(susceptible check) and nine wild rice samples. 
Analysis by gas chromatographic fractionation on 
1.5% Carbowax 20M on Chromosorb W and 

verification on 3% OV17 on Chromosorb W 
showed that leaf, leaf sheath, stem, and grain
fractions of 60-d-old plants all contained com

pound A. Volatile oil from the leaf blades and leaf 
sheaths of, these rices showed various levels of 
compound A, but some rice plant parts with low 

levels still maintained the biocidal effect on first
instar SSB larvae of TKM6 (Table 19). The nine 
wild rices (four 0. minuta, four 0. officinalis, and 

one 0. punctata) had no compound A in their 
plant volatiles, but a few were still toxic to SSB. 
This suggests that other compounds may also be 
involved in SSB resistance. 

CYTOLOGICAL VARIATIONS AMONG BROWN 
PLANTHOPPER BIOTYPES I, 2, AND 3 
Entomology Department 

Cytological studies of meiotic chromosomes of 
BPH biotypes 1, 2, and 3, maintained as stock 
BHt pes 2, a 3, mainaed at 
cultures at IRRI for several years, revealed that 
meiosis Iwas reductional and meiosis IIequational 
for all the components of the species' genome. 

ofInvestigations used primary spermatocytes 
newly emerged brachypterous males to characterize 
the nuclei and chromosomes and to determine their 

morphometrics and behavior during the sequential 

stages of the first meiosis. 
Salient variations in nuclear and chromosomal 

measurements of biotypes 1, 2, and 3 during 
substages of prophase I are shown in Table 20. 

Chromosomal behavior during metaphase I 
featured clumping or clustering of highly condensed 
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Table 19. Compound A content and biocidal activity of 
volatile oil on first-instar SSU larvae on selected cultivated 
and wild rices. IRRI, 1982. 

Compound A Mortality of SSB 

Rice sample or cultivar content (%)Rie amleorcutiar (mg/kg larvae after 48 ha
fresh wt) 

Rexoro 22 20 
TKM6 8.8 75 

IR1514A-E666b 11.8 65 
IR1820-52-24-1c 1.3 65 
0. minuta accession 0.0 65 
0. officinais accession 0.0 60 

Control (diethyl ether) 0.0 10 
LSD (5%) 0.6 27 

aOil from 50 g plant fresh wt/ml diethyl ether. blR127-

80-1 /TKM6. Cl R24/Mudgo/I R8/Peta 4 /TN 1//Tetep. 

and shortened autosomes at the equatorial portion 
ofthe reproductive cell and separation of the highly 
heterochromatic synapsed sex chromosomes from 
the autosomal grouping. Noteworthy variations 
during metaphase I in the three biotypes were: 

" The highest number of metaphaseI cells was 
detected from biotype I followed by biotype 3. 

* Biotypes I and 3 revealed two types of meta-
phase I cells - cells with sex chromosomes 
isolated from autosomes and cells with both 
chromosome types grouped together. Biotype 

2 showed only the first type. 
S The average distance of the sex chromosomes 

from autosomal grouping was highest in bio
type 2, almost twice that in tiotypre I. 

* More cells with combined autosomes and sexchromosomes were observed in biotype I than 

in biotype 3. Intrachiasmatic and interchias
matic connections were higher in biotype I 

than in biotype 3 homologues. 
o The sex chromosomes of the three biotypes 

varied in length and width. Biotype 2 had the 
longest hromosomes; biotype 3 the next 
longest. Biotype 2 had the widest girth and 
those of biotypes 1 and 3 had almost equal 

measurements. 
During anaphaseI, measu;ements of the chro

mosome clumps at the two poles of the cells 
indicated that the lengths and widths of chromo
some groupings in biotype 2 were significantly 
different from those of groupings in biotype 1,but 
not from those in biotype 3. 

At telophaseI, the groupings of chromosomes at 
two opposite poles of the cells had almost equal 
measurements of chromosomal clumps in the three 
biotypes. 

Chromosomal aberrations, such as loose pairings 
of paired homologous bivalents as well as fragmen-

Table 20. Variations a in nuclear and chromosomal measurements of BPH biotypes 1, 2, and 3 during prophase /. IRRI, 
1981-82. 

Prophase I substage 

Leptonema 
Nuclei: aml and amwns 

Zygonema 
Autosomes 
Sex chromosome 

Pachynema 
Autosomes rmlns 
Sex chromosomes rml 

DIplonema 
Autosomes am/b 
Sex chromosome aml 

Dlakinesis 
Chromosomes ami c 

aaml = absolute mean length, amw 

Biotype 1 

31.74MJm and 26.50m, 
highest 

no difference 

11.11 mm, lowest 
6.50 mm, lowest 

5.92Mjm, lowest 
7.80/am 

4.35Mm, highest 

Measurements
 

Biotype 2 


29.9Om and 24.00pm, 
lowest 

no difference 

12.43 mm, intermediate 
9.00 mm, highest 

8.08pm, highest 
5.00,m 

3.77Mim, intermediate 

Biotyp4 3 

30.50Mm and 24.75Mum, 
intermediate 

no difference 

13.17 mm, highest 
7.00 mm, intermediate 

7.08pm, intermediate 
5.00Mm 

3 .39Mm, lowest 

= absolute mean width, rml = relative mean :ongth. ns not significant at 5% level 
by analysis of variance and Duncan's multiple range test. bBiotype 1significantly different from biotypes 2 and 3; bio
types 2 and 3 not significantly different from each other at 5% level by analysis of variance and Duncan's multiple 
range test. CBiotype 1 significantly different from biotype 3 but not from biotype 2; biotype 2 not significantly dif
ferent from biotype 3 at 5% level by analysis of variance end Duncan's multiple range test. 
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tations or chromosomal deletions, occurred more 

frequently among biotype-I individuals, followed 
by biotype 3. 

LEERSIA HEXANDRA AS A WEED HOST FOR THE 
BROWN PLANTHOPPER 
Entomology Department 

BPH has not been able to complete development 
and multiply or ; host other than cultivated and 
wild rices, Oryza sp. Recently, high BPH popula-
tions wer.: observed on a weed, Leersia hexandra, 
in irrigation canals at two locations on the IRRI 
farm. BPH were collected from the L. hexandra 
plants and greenhouse studies conducted to deter-
mine thesuitability of L. hexandra and rice as a 

host. The biology of the Leersia BPH population 
was compared with that of greenhouse cultures 
maintained on rice. 

The incubation period of the Leersia BPH on 
Leersia plants was 7.8 d; egg hatchability, 81.2%; 
longevity, 30.0 d; and fecundity, 513 eggs/female. 
These data compare with those of BPH biotype 1 
on susceptible TNI rice plants. However, when 
placed on TNI, which is susceptible to the three 
BPH biotypes at IRRI, and on several resistant 
varieties, the Leersia BPH fed very little and could 
not survive. 

The inability of the Leersia BPH to feed on rice 
plants indicates that the population could not serve 
as a source of infestation in rice fields. However, it 
could contribute to the tice-feeding BPH gene pool 
through interbreeding. An experiment was con-
ducted to determine w'hether interbreeding between 

the two populations occurs and to determine the 
survival of the progeny on Leersia and TN 1. 

Fifth-instar nymphs of Leersia BPH were indi-
vidually placed in test tubes containing Leersia 
cuttings, and a greenhouse culture of BPH biotype 
2 and a red form were individually placed in test 
tubes containing TNI seedlings. Crosses between 
the Leersia BPH and rice BPH were made by 
placing insects inc¢c ninga closely planted,,ow-iI 
mixture of Leersia and I \ I plants. When eggs 
resulting from the c. hatched, a survival test 
was conducted by c -ing10 newly emerged nymphs 
on separate pot, lI.eersia or TNI plants. 

Surviva' of th- 1 progeny of all the crosses on 
both Leersiu nd FNI (Fig. 8)was high though still 
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8.Survival of progenies resulting from various crosses between 

the Leersia-infecting BPH (NIl) with the 3PH biotype 2. IRRI,
1982. 
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9.Discriminant scores based on rostral, leg, and antennal 

characters of macropterous females of biotypes of BPH 
infesting a grass and rice hosts in the Philippines. The numbers 
indicate biotype designation; the circle indicates a group 
centroid. IRRI, 1982. 

lower than that of the two populations on their 
regular hosts, i.e. Leersia BPH on Leersia plants 
and BPH biotype 2 on TNI. This indicates that if 
intermating also occurs under field conditions, the 
Leersia BPH can contribute to infestations on rice 
and introduce genetic variability to the BPH 
population, possibly slowing the biotype selection 
process on resistant varieties. 

Morphological variations between populations 
of the brown planthopper infesting rice and Leersia 
hexandra.The BPH population found infestingL 
hexandra manifested strong specificity for the 
weed host and individuals died if caged on rice 
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plants. These biological characteristics ofthe grass-
infesting BPH population clearly differentiated it 
from the rice-infesting populations of BPH bio- 
types 1,2,and 3 in the Philippines. 

A study was conducted to determine whether 
sufficient morphological differences existed to 
justify the categorization of the grass-infesting 
population as a separate biotype. The rostrum, 
legs, and antennae of brachypteros males and 
females were morphologically and morphometri-
cally evaluated and subjected to the same multiple 

discriminant analysis used for differentiating bio
types 1,2, and 3.The scatter plotdiagram based on 
computed discriminant scores of the rostral, leg, 
and antennal characters of macropterous females 
of the grass-infesting population and of macrop
terous females of biotypes 1, 2, and 3 showed 
distinct segregation (Fig. 9). The same was true for 
other morphs. However, the diffused cluster char
acter of the grass-infesting population indicated it 
to be a less homogeneous population than either 
biotype 1,2, or 3. 
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EVALUATION TRIALS 

PlantBreeding, Agronomy, Statistics, andChem-
istry Departments 

Protein-yield-duration relationships in rice (Plant 

Breeding, Agronomy, Statistics, and Chemistry). 
Earlier studies on traditional varieties have con-
sistently shown that early-maturing rices tend to 
have higher grain protein content, but have lower 
yield than later-maturing varieties. A stfdy of the 
simple correlation coefficients between brown-rice 
protein(BRP) and maturityand between BRPand 
grain yield from replicated yield trials showed 
negative significant correlations (Table 1). The 

corresponding partial correlation coefficients were 
not appreciably nor consistently different. The 

trend for the protein-duration relationship was 
simple, as depicted for the 1980 and 1982 DS crops 
(Fig. 1). By contrast, a reversal of the trend for 
yield-duration, was observed at longer duration. It 
seems that the negative correlation between BRP 
and growth duration may be independent of grain 
yield. 

IR36, a high yielding variety with short growth 
duration, has about a one percentage point higher 
BRP than other longer duration IR varieties, such 
as IR8 and IR42 (Table 2). A more recent promis-
ing line, IR9752-71-3-2, which yields similarly to 
IR36 but matures about I wkearlier, hadaBRPas 
high as, and at times higher than, that of IR36. 
Agronomy fertilizer trials on elite breeding line 
showed that the early-maturing lines retained high 
BRP without losing yield advantage over later-
maturity varieties (Table 3). Thus, the development 
of high yielding early-maturing rice varieties ap-

V'jble 1. S .,Iple and partial correlation coefficients be. 
nzia-n :,RP and maturity and betveen BRP and grain 
yield in replicated yield trials. IRRI, 1978-1982 DS. 

Correlation Partial correlation 
Data Entries coefficient8 coefficientb 
set (no.) 

r12 r13 r12.3 r13.2 

1978 361 .-. 0" -0.68"* -0.76** -0.61** 
*1979 370 -0.54 -095- -0.88-- -0.98 °°  

1980 369 -0.96** -0.83** -0-96** -0.13* 
1982 347 -096* -0.31** -098** -0.72* 

at12 = r between BRP and maturity, r13 = r between 
=
BRP and grain yield. b rl2.3 partial r between BRP and 

maturity, independent of grain yield; r13.2 = partial r 
between BRP and grain yield, independent of maturity, 
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1.Relationship ofBRP and grain yield with growth duration in 
replicated yield trials. IRRI, 1980 and 1982 DS. 

pears to be an effective means of improving BRP. 
High-pro'ein yield trial (Plant Breeding and 

Chemistry). A yield trial was conducted using 39 
high-protein entries from the germplasm bank. 
Although the entries had high BRP from 10.0 to 
15.8%, their rough-rice yields ranged from 0.42 to 
3.13 t/ha. Growth duration (from seeding to har
vest) ranged from 97 to 105 d. BRP and yield 
values for four check samples were 10.8% and 
3.93 t/ha for 1R9752-71-3-2, 10.4% and 2.76 t/ha 
for IR480-5-9, 11.0% and 2.86 t/ha for IR2153
338-3, and 11.8% and 3.66 t/ha for IR36. Only 
Se-Hsin-dau approached the yield of the check 
samples (3.13 t/ha), but had a higher BRP of 
13.1%. Yield and BRP were significantly negatively 
correlated (r = -0.64"", n = 45). Varieties with 
more than 14% protein yielded 2 t or less. 

Properties of rice mutants (Chemistry). Nine 

mutants of the Japanese variety Kinmaze obtained 
by treating the fertilized eggs were supplied by the 
Tissue Culture Laboratory and analyzed for BRP 

properties. All brown-rice samnples had identical 
sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoretic patterns of 0.5% SDS - 0.6% /3
mercaptoethanol extracts of rice protein showing 

the major subunits of rice gltelin. Confirmatory
protein and lysine analyses showed 6.5-9.8% pro

tein and 3.8-4.9 g lysine/ 16.8 g N in the mutants, 
compared with 7.4% protein and 3.7 g lysine/ 16.8 g 
N for Kinmaze. The shrunken mutant had 9.8% 
proteinand4.9% lysine in protein, which may have 
been due to poor endosperm development and the 



Table 2. Yield and BRP of four ricas varying In growth duration, from replicated yield trial. IRRI, 1978-1982 DS. 

Growth
 
Variety, line duration 1978 


(d) 

IR42 131 8.2 
IR8 124 7.1 
IR36 110 8.6 
IR9752-71-3-2 104 82 

IR42 131 6.4 
IR8 124 3.4 
IR36 110 6.0 
IR9752-71-3-2 104 5.8 

Table 3. Mean field duration, productivity, and BRP con-
tent of three varieties and two early-maturing IR lines, as 
affected by deep placement of N fertilizer. IRRI, 1980-
1982 DS. 

0 kg N/ha 87 or 108 
Mean kg N/hab 

Variety& field 
duration Grain BRP G BRP 

(d) (d)yieldyield yield 
/ha)l W t/ha) 

IRB 105 2.8 8.8 4.4 9.2 
IR42 107 4.4 8.7 6.2 9.8 
IR36 88 3.6 8.1 5.7 92 
IR9729-67-3 84 4.7 8.2 7.1 9.5 
IR9752-71-3-2 82 3.4 8.4 6.3 10.1 

ATest rices are listed in the order of decreasing field dura-
tion. bDeep placement as urea supergranule. N rate was 
108 kg N/ha in 1980 and 87 kg N/ha In 1981 and 1982. 

resulting greater contribution of embryo and bran 
protein to BRP. 

PROTEIN AND ENERGY UTILIZATION 

Chemistry Department 

Degree ofmilling and nutritional value. High-fiber 
diets have been advocated to minimize digestive 
tract disorders and reduce body weight. However, 
such a fad may not be justified in tropical Asia 
where diets are deficient in energy and protein. 
Because of its higher vitamin content, browh rice 
has been advocated to be more nutritious than 

milled rice. A study was conducted on the relative 

energy and protein utilization of brown and milled 

rices in preschool children. Completion of the 

energy analysis of the rice-casein (2: 1 N ratio) diets 

1979 1980 1982 Mean 

BRP (7) 
8.3 8.8 7.8 8.3 
7.3 7.7 7.7 7A 
8.5 102 8.8 9.0 
8.6 102 9.2 92 

Yield (r/ha) 
6.6 6A 6.7 6.5
 
72 3A 5.4 4.8
 
6.9 5.5 6.3 62 
6.9 5.7 6.3 6.2 

showed energy absorption to be higher in the 
milled-rice diet than in the brown-rice diet at two 
levels of protein intake (Table 4). At a daily intake 
of 200 mg N/kg body weight, fat absorption from 

the milled-rice diet was better than that from the 
brown-rice diet. Protein absorption and retention 

were similar for the brown, undermilled (5%bran
polish removal from brown rice), and milled (9% 
bran-polish removal) rice diens. Protein utilization 

was poorer for the experimental diets than for the 
casein diets. 

Because whole milk powder is more commonly 
used for weaning than casein, and because the 

earlier study on degree of milling also used whole 
milk, milk was used for additional studies on 
brown and milled rices. Mineral mixture was 
deleted miledieso Mieralane wasdeleted from the diets so the calcium balance could 

be checked. The differences in protein utilization 
were still not significant (Table 4). 

Nutritional value of"yellow" rice. Earlier studies 

have shown that "yellow" rice results from heating 

ofunthreshed wet grains awaiting threshing through 

metabolism of microorganisms on the wet straw. 
The yellowing is readily simulated in the laboratoiy 

by heating wet grains at 601 C or higher. The effect 
of yellowing on the nutritive value of milled rice 

was studied using two samples with more than 50% 

yellow grains from the National Food Authority 
(NFA) and the IRRI Agricultural Engineering 
Department. The data were compared with those 

reported for white milled rice because check 
samples were not obtainable. Yellow-rice protein 

had slightly lower lysine content than white-rice 
protein but their energy contents were the same. 

The lower lysine content may reflect decomposition 
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Table 4. Protein, energy, and fat utilization in preschool children fed brown, undermilled, and milled-rice diets with
cassin or milk (2:1 N ratio). Nutritional Evaluation Laboratory, Food and Nutrition Research Institute, Manila, and 
IRRI, 1980-1982. 

Control 
diet I 

N absorbed q0.9 a 
N retained " 'A a 
Energy absorbed 91.8a 

N absorbed 73.9 a 
N retained 32.7 a 
Energy absorbed 90.5 b 
Fat absorbed 94.3 ab 

N absorbed 74.7 a 
N retained 37.7 a 
Energy absorbed 90.9 ab 
Fat absorbed 94.0 b 

Apparent value (%of intake) 

Brown-rice Undermilled Milled-rice Control 
diet rice diet diet diet II 

250 mg N/kg daily rice-case/n in six children 
67A b 70.0 b 70.4 b 79.9 a 
36.1 a 373 a 36.9 a 34.1 a 
89.0 b 92.3 a 92.8a 92.3 a 

200 mg N/kg daily rice-case/n In five childrena 
63.0 b 62.6 b 61.9 b 77.7a 
282 a 25.7 a 27.3 a 38.7 a 
89.5 b 90.5 b 92.6 a 92.0 ab 
93.4 b 95.5 ab 97.6 a 96.1 ab 

200 mg N/kg daily rice-milk In six children 
59.7 b - 63.3 b 732 a 
27.3 a - 28.9 a 34.2 a 
90.1 b - 92.0 a 90.6 ab 
94.3 b - 97.1 a 95.8 b 

aFour children only for control diets. One child less (three to four children) for fat absorption date. 

Table 5. Comparison of composition and energy and N 
utilization in rats fed yellow milled rice from stack burn-
ing of unthreshed panicles and straw with ordinary milled 
rice. National Institute of Animal Science, Copenhagen,
Denmark, and IRRI, 1981-1982. 

Yellow rice 

(%of absorbed N)logcokntie 

Property IR42 IR36 

IRRI NFA 

Protein 7.0 8.1 
(% N X 6.25) 

Lysine (g/16 g N) 
Energy content 

3.14 
4275 

324 
4.317 

(kcal/g dry basis)
Energy content 17.89 18.06 

(kJ gdry basis) 

growing rats 
Digestible energy 96.1 958 

(%of intake) 

True digestibility 91.8 908 
(%of N intake)

Biological value 68.0 69.0 
NPU (%of N 62.3 62.7 

intake) 

White rice 

(IR32, H4, and 
Perurutong) 

8.1.9.7 

3.36-3.67 
4.252-4.318 

17.7918.07 

95.6-96.6 

97.5-99.2 

65.7-68.4 
65266.7 

of protein by heat because lysine is the most 
sensitive amino acid to thermal treatment. Al-
though digestible energy values were comparable, 
the yellow rices had slightly lower protein digesti-
bility, which was also reflected in their net protein 
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utilization (NPU) values (Table 5). Yellow rice is 
slihtl inferior to white milled rice. 

gy
Effect of parboiling on nutritional value. Al

though parboiled rice and raw rice had been shown 

to have comparable NPU, the incr,-asing popularity 
of pressure-parboiled rice in India led to a study on 
the effect of prolonged parboiling on the nutritive 
value of milled rice. The wet heat treatment had no 
effect on lysine content of protein and on energy 

content(Table6). Rat feedingtrialsshowed slightly
lower digestible energy and lower protein digestibil
ity for both the parboiled samples of lR8 rice than 
for its raw sample. But with the compensatory 
effect of biological value, both parboiled samples 

had the same NPU as raw rice. Thus prolongedheating, even at 1.05 kg/cm 2 (12rt C) to three times 
the normal steaming period (60 vs 20 r did note), 

further deteriorate the nutritive value of the milled 

rice. However, pressure parboiling definitely pro
longs cooking time. 

Nutritional value of dehulled mungbean. Earlierstudies of preschool children on weaning diets of 
rice and whole mungbean (1/3 of N from mung
bean) showed poor energy absorption at N intakes 
above 200 mg/kg body wt. Because earlier studies 
using rice and dehulled mungbean diets gave better 
results, the seed coat was suspected to be the cause 
of poor energy absorption and increased fecal 

http:17.7918.07
http:3.36-3.67


Table 6. Effect of e€gre. of parboiling on N and energy 
utilization of IRS milled rice in growing rats. National 
Institute of Animal Science, Copenhagen, Denmark, and 
IRRI. 1982. 

Raw milled rice 
(control) 

Property lR32 IRS 

(1981) (1972) 

Protein content 8.3 7.7 

Lysine (g/16 gN) 3.55 3.59 
Energy content 18.01 

(kJ/g) 

Balance data In 
growing rats 
Digestible energy 96.6 

(%of intake) 
True digestibility 98A 962 

(%of N Intake) 
Biological value 67.5 73.1 

(%of absorbed N) 
NPU %of N 66.4 70.3 

intake) 

Milled rice from 
parboiled at 1.05 

kg/cm 2 for 

20 min 60 min 

7.2 7A 

3A3 369 
18.06 17.98 

952 94.7 

89.7 88.6 

73.1 79.5 

70.0 70.4 

weight. Confirmatory rat feeding studies were 
done comparing whole raw beans with dehulled 
raw beans by toasting and winnowing and by 
mechanical dehulling ofpresoaked beans. Analysis 
showed a decrease in lysine content caused by 
toasting (Table 7). Mechanical dehulling more 
effectively reduced phenolics and neutral detergent 
fiber, but toasting was more efficient in deactivating 
the trypsin inhibitor, 

The rat feeding study showed the improved 

energy and protein digestibility of mechanically 
dehulled over whole and toasted mungbean 
(Table 7). The biological value was higher for 
whole mungbean protein than for dehulled bean, 
although digestibility was highest for the mechani
cally dehulled bean. The resultant NPU was 

highest for whole mungbean and lowest for toasted 
mungbean. The poor performance of toasted bean 
may be due in part to thermal decomposition 

during toasting, as evidenced by reduced lysine 
content. 

Nutritive value of defatted bran. Defatting of 
rice bran has been reported to improve the nutritive 
value of the defatted bran in addition to producing 

an edible oil if it is extracted from the bran soon 
after milling. Because heat stabilization to de
activate the fat-hydrolyzing enzyme (lipase) of 

bran also improves the nutritive value of the bran, 
a study was conducted on the effect of defatting
with refluxing petroleum ether at :550C on the 

properties of IR32 and IR42 bran-polish. Removal 
of the 12-14% fat increased the protein and phytin 
P content of the samples, but had no significant 
effect on trypsin inhibitor and neutral detergent 
fiber content (Table 8). Energy content, as ex
pected, decreased on defatting because of the high 
caloric value of fat. 

Balance data on rats showed a significant drop 
in digestible energy with defatting, but no change in 
protein utilization (Table 8). Thus, defatting per se 

Table 7. Effect of proce-sing of green mungbean on energy and N utilization in growing rats. National Institute of 
Animal Science, Copenhagen, Denmark, and I RRI, 1982. 

Property 

Crude protein (% N X 625) 

Lysine (g/16 g N) 

Cystine + methionine (g/16 g N) 

Phenolics (%as catechin) 

Neutral detergent fiber (%) 

Trypsin inhibitor activity (% Inhibition/mg sample) 

Energy content (kcal/g dry basis) 

Energy content (kJ/g dry basis) 


Balancedata in rats 
Digestible energy (% of intake) 
True digestibility (% of N Intake) 
Biological value (% of absorbed N) 
NPU (%of N Intake) 

Whole
mungbean 

22.3 
6.7 
2.10 
0.98 
7.5 

38.5 a 
4.485 

18.77 

824 c 
852 b 
62.2 a 
53.0 a 

Dehulled 
Tosted munagben flour

winnowed mungben (FNRI) 

25.6 22.6 
6.03 6.95 
2.16 2.02 
0.31 0.13 
6.1 2.0 
7.8 c 21.8 b 
4.485 4.548 

18.77 19.03 

85.5 b 93. a 
85.3 b 95.2 a 
52.1 b 53.1 b 
44.4 c 50.5 b 
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Table 8. Effect of defatting with refluxing petroleum ether at 500C on composition and energy and N utilization of 

IR32 and IR42 rice bran-polish In rats. National Institute of Animal Science, Copenhagen, Demark, and IRRI, 1982. 

IR32 bran-polish' IR42 bran-polish* 
Property 

Whole Defatted Whole Defatted 

Crude protein (% N X 6.25) 132 15.1 13.9 15.7 
Lysine (g/16 g N) 4.4a 4.1 b 4.6 a 4.5a 

Crude fat (%) 15.4 1.4 13.5 1.0 
Trypsin inhibitor activity (% inhibition/mg sample) 11.0 a 7.7 a 11.3 a 7.8 a 

Phytin P (%) 0.66 0.70 1.36 1.48 

Neutral detergent fiber (%, 10.5 a 112 a 11.1 a 11.2 a 

Energy content (kcal/g dry basis) 4.846 4.428 4.886 4.270 

Energy content (kJ/g dry basis) 20.28 18.53 20.44 17.7 

Balance data in growing rats 
Digestible energy (% of intake) 79.1 b 76.9 c 802 a 78A b 

True digestibility (%of N intake) 85.9 bc 84.7 c 88.1 a 87.0 ab 
Biological value (% of absorbed N) 81.1 a 822 a 81.9 a 81 B a 

NPU (% of N intake) 69.7 b 69.6 b 72.1 a 71.1 a 

OSeparation of means in a raw by Duncan's multiple range test at the 5% level. 

Table 9. Comparative nutrient and energy composition of has no effect on protein utilization of bran-polish, 
rice hull and rice straw of IR rices. IRRI, 1982. but reduces energy content of the product. The 

thermal (drying) treatment of bran-polish prior to 
Rice hull Rice ,trawa 

defatting probably causes the beneficial denatura-Nutrient content 

IR29 IR32 IR36 IR42 tion of the antinutrition factors, trypsin inhibitor
 

46 and hemagglutinin, but does not affect the phytate
Protoin (%NX 6.25) 1.9 1.8 8.6 

and dietary fiber level of the product.Lysine (g/16 gN) 4.4 3.9 5.4 5.5 
Crude fiber (%) 36.0 38.3 29.9 30.0 Nutritive value of rice straw and hull. In view of 
Neutral detergent 89.3 83.9 60.2 58.0 the interest in rice biomass utilization, comparative 

53.9 protein content and amino acid analysis of ricefiber (%) 
Acid detergent 78.4 80.5 57.7 

fiber (%) straw and rice hull was done. Rice hull had lower 
Hemicellulose (%) 5.9 3.4 2.5 4.1 nutritive value than rice straw on the basis of lower 
Cellulose (%) 36.5 40.6 32.5 29.6 

level of undigestibleLignin (%) 16.0 15.4 10.3 5.5 protein con.ent and higher 
Silica (%) 25.9 24.5 14.9 18.8 nutrients - crud': fiber, cellulose, lignin, and silica 
Energy content 3.07 3.12 3.35 3.16 (Table 9). Straw protein also was richer than hull 

(kcal/g) 
14.0 13.2 protein in lysine, the first limiting essential aminoEnergy cctont (J/g) 12.9 13.1 

acid. 
aEnergy and fiber composition data from University of Si content of the hull of 23 IR varieties from the 
the Philippines at Los Balos. 1982 DS crop replicated yield trial ranged from 

6.19 to I11.3% wet basis and 6.81 to 12.4% dry basis. 
Mean values were 9.20% wet basis and 10.11%dry 

content and lysine content protein of
Table 10. Protein etbisad1.1%dy
freeze-dried azolie samples. IRRI, 1982.Menvlswre92% 

basis. Similar wide variation in Si content was 

observed on straw samples of IR varieties analyzed
Azolla sample Protein Lysine

content (%) (g/16 gN) at University of the Philippines at Los Bafios. 

Nutritive value of azolla (with Soil Microbiol-A.carolinlana Wild (green) 15.2 5.5 
A. carolinlana Wild (red) 14.6 5.6 ogy). Samples of water-washed azolla species were 
A. pinnata R. Brown 15.6 4.6 obtained from the Soil Microbiology Department, 
A. pinnata var. pinnat 23.1 5.1 
A. filiculoides 22.9 5.2 freeze-dried, and analyzed for protein content and 

A. microphylla 33.5 5A amino acid composition. The freeze-dried samples 
A.mlcrophylla 22.0 5.4 varied in protein (%N X 6.25) content from 14.6 to 
A.nilotla 20.3 55 33.5% (Table 10). All samples, except A. pinnata 
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R. Brown, were in good amino acid balance and 

adequate in all essential amino acids. The analysis 
indicated that the protein of azolla would make it a 

good nutritive feed for fish in rice fields and for 
poultry. 
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VARIETAL SCREENING 
Agronomy and Plant Breeding Departments plants apparently dead). After the scoring at 10 bar 

SMT, the whole experiment was sprinkler irrigated 

Field screening, 1982 dry season (Agronomy). Of twice. For drought recovery capacity deter
the 4,121 rices tested during the 1982 DS field mination, the 1980 SES 1-9 scale was used (1 = 
drought screening, 2,617 were rainfed wetland 90% and above of the plants fully recovered, 9 = 
materials from the pedigree nursery and obser- 0-19% of the plants fully recovered). 
vational and replicated yield trials. The rest were The checks were IRAT9 and IR20, earlier iden
dryland, deepwater, and flood-tolerant germplasm tified as drought susceptible, and IR442-2-58 and 
bank accessions, 1981 IRTP materials, hybridiza- Salumpikit, drought-tolerant rices. 
tion block parents, GEU elite lines, dryland rice Twenty-six entries (Table 1) conissting of nine 
breeding lines, rice and rice/sorgh'im hybrids, and lines from the IRRI pedigree nursery, replicated 
preceding years' drought selectio:s.i. yield trial, and hybridization block and six ac-

After being seeded on 28-29 Jan, tihe exper- wssions from Thailand, five from India, two from 
imental area was sprinkler irrigated every 4-6 d for Bangladesh, and one each from Brazil, Sri Lanka, 
stand establishment until 6 Mar (36 DAS), after Guinea, and Laos, performed better than Salum
which the soil was allowed to dry. The reaction of pikit, the better of two drought-tolerant checks. 
individual rices to soil moisture tension (SMT) of Line IR13299-96-2-2 and variety Thangone showed 
2,5, and 10 bar was determined using the 1980 SES high tolerance for 2 and 5 bar SMT. Another 129 

0-9 scale (0 = no soil moisture stress effects, 9 = all rices had drought tolerance and recovery scores 

Table 1. Outstanding selecticns in field screening for drought tolerance. IRRI, 1982 Ds. 

Drought score1 at SMT of Recovery 

2 bar 10 bar scor5 bar 

IR5178-1-1-4 2 2 4 3 
1R 10068-11-1 1 2 4 3 
1R11185-RRR-18-2 1 2 3 3 
IR 13299-96-2-2 0 1 5 3 
IR13358-16-3-2-3 1 3 4 3 
IR21015-196-3-1-3 2 3 4 3 
IR21033-58-1-1-2-1-2 1 2 4 3 
IR21033-58-1-1-2-;-3 1 3 4 1 
1R21313-36-2-2 1 4 4 3 
ARC 10372 India 1 2 4 3 
BKN7022-6-4 Thailand 1 2 3 1 
BKNFR76046-10-2-5-3 Thailand 2 3 4 3 
Chamara Bangladesh 1 3 4 3 
Dourado Agulla Brazil 1 2 4 3 
DWCT1 56-1 -B-B Thailand 1 1 3 3 
FRG 2 India 1 2 3 3 
Hathili Sri L'knka 1 3 4 3 
Jao Khao Thailand 2 2 4 3 
Jhum Sonalichikon Bangladesh 1 2 4 3 
Leuang Yai 148 Thailand 1 2 4 3 
Moroberekan Guinea 1 3 4 3 
NCS 130 India 2 3 4 1 
NCS 166 India 1 2 4 1 
RD 19 Thailand 1 3 4 1 
Thangone Laos 0 1 4 4 
64-117 India 1 3 4 3 
IR442-2-58 (T ck) 2 4 6 3 
Salumpikit (T ck) Philippines 1 3 5 3 
IRAT 9 (Sck) Ivory Coast 4 6 9 9 
IR20 (S.ck) 3 5 8 6 

8based on the 1980 SES 0-9 scale. bBased on the 1980 SES 1-9 scale. 
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similar to those of Salumpikit at 10 bar SMT. trial (whole plot sprinkler irrigation system) gave 

Of the 26 outstanding selections, Moroberekan higher quality data. Four irrigation treatments 

and RDI9 had been found drought tolerant in were applied in separate experiments: 

preceding years' tests, indicating the reproducibil- Experiment I - 0.35 pan evaporation (E,) 

ity of the screening technique (Table 2). RD19, a 	 irrigation at flowering (7 Apr

modern deepwater variety fr.,m Thailand, has 5 May) 
- 0.70 Eon irrigation at flowerconsistently shown better drought tolerance and Experiment 2 

recovery capability than Salumpikit. Breeding ing stage (7 Apr-5 May) 

lines IRl 1185-RRR-18-2, 1R21015-196-3-1-3, and Experiment 3 - preflowering stage water stress 
zero irrigation for 2 wk (17IR21033-58-1-1-2-1-3 showed outstanding 

drought tolerance in the 1982 DS field screening Mar-2 Apr) 

(Table 1). Experiment 4 - irrigation to exceed 1.4 Epan all 

Table 2 also presents drought tolerance and season. 

recovery scores of modern dryland varieties IR43 Each experiment, discrete and managed sepa

and UPL Ri-5, and other rices that performed as rately, was replicated four times with randomized 

well as or better than Salumpikit from 19M1 to complete block design (Fig. 1). There was less 

1982. experimental variability in genotypic comparisons 

Screening at reproductive stage (Agronomy). In within an environment. Entry comparison across 

1981, the line source sprinker (LSS) system was environments was treated identical to that in the 

used for drought screening of different rice varieties LSS system. 
At the end of the stress period, drought toleranceand lines at the reproductive stage. It was found to 

be unwieldy for stich large-scale screening because and leaf rolling scores were taken at midday. 
Flowering dates, canopy temperature, panicle exof wind-irrigatiua uniformity and experimental 
sertion, yield, and selected yield components weredesign problems. A decision was made to utilize a 

much simpler, more direct approach. taken as in 1981. 

In 1982, a labor-saving and mom- manageable Before the data wereanalyzed, plots damaged by 

Table 2. Drought tolerance and recovery score of selected rices from field screening. IRRI, 1980.82 OS. 

Scorea 

1980 1981 	 1982
 

Designation Origin Tolerance at Tolerance at Tolerance at
 

SMT of Recovery SMT of Recovery SMT of Racovery
 

5bar 10bar 5bar 10bar 5bar 10bar 

IR43 4 7 3 4 6 4 4 6 4
 

IR52 
 4 5 a 4 5 3 3 " 
3 3 5 .1IR8235-194 	 3 3 3 3 4 

3 4 6 3 3 5 3IR9263-124 	 3 3 

3 5 4 3 5 3 3 6 1
BKN6986-108-2 Thailand 


Carreon Philippines - - - 5 5 3 3 5 4
 

Kinandang Patong Philippines 4 5 5 3 5 4 3 5 4
 
6 3 5 4 3 4 4Moroberekan Guinea 2 5 


RD 19 Thailand 2 3 3 3 4 3 3 4 1
 

UPL Ri- Philippines 4 5 3 4 7 4 4 6 4
 
3 4 6 3IR442.2-58 (T-ck) 	 4 6 3 5 6 

3 5 3 3 5 3Salumpikit (T ck) Philippine3 4 5 	 4 

8 7 8 7 6 9 9
IRAT 9(Sck) Ivory Coast 	 7 8 

6 8 5 6 8 5 5 8 6IR20 (Sck) 

a19 8 0 and 1981 data were based on the 1975 SES 1-9 scales for both the tolerm.ce and recovery scores. The 1982 data
 

were based on the 1980 SES scales of 0-9 for tolerance to drought and 1-9 for recovery.
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1.Field layout of the repioductive-stage di'ought tolerance trial 
with 32 entries conducted during the 1982 DS. A uniform 
whole-plot irrigation was used on each experiment. 

pests or those that escaped drought due to early
flowering were discarded. Five yield-related vari-
ables (grain yield, relative grain yield, percentage of 
fertility, panicle exsertion, flowering delay), were 
regressed against flowering date (--umber of cays 
to flowering after the onset of irrigation treatment). 
Erch variable was found to be highly correlated 
with flowering date (Fig. 2-6). Grain yield and 
percentage fertility, which were regressed against 
canopy temperature, also showed significant cone-
lation (Fig. 7, 8). Based on the regression results, 
indices for each yield-related variable were com-
puted using the formula: 

Drought index = 
SEV 

where: Y = actual yield 

Tr= predicted yield 
SEV = standard error of ]'. 

A correlation matrix on the indices of the five 
yield-related variables showed that only grain 
yield, relative grain yield, and fertility percentage 
were correlated. The range of index values for 
relative grain yield and fertility percentage was 
adjusted to gain yield. This gave equal weight to 
each of the indices when totaled. The results were 
compared with the nonadjusted indices and the 
sum of the numerical ranks of entries. There was 
little change in the genotype ranking. Because the 
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2. Relationship between grain yield and flowering date with 
regression analysis of genotypic performance. 1982 DS. 
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3.Relationship between relative grain yield and flowering date 
with regression analysis of genotypic performance. 1982 DS. 

three methods of summing up the indices gave the 
same results, using the unadjusted indices or the 
numerical ranks of each entry was less complicated
and more useful. Table 3 shows the genotype 

rankings based on the sum of the numerical rank of 
each entry. By either technique, relative grain yield 
gave the highest correlation with the sum of the 
indices. 

The results suggest that the best data to take for 
the 1983 drought screening at the reproductive 
stage (hundreds of lines and varieties) are grain 
yields ofboth the stress and the control treatments. 
Relative grain yield can be computed. Fertility 
percentage and canopy temperature may be help
ful, especially when yield data become unreliable 
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4. Relationship between percent fertility and flowering date 

with regression analysis of genotypic performance. 1982 DS. 
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5. Relationship between panicle exsertion and flowering date 

with regression analysis of genotypic performance. 1982 DS. 

because of typhoon lodging, diseases, insects, rats, 
birds, and other problems that may occur after the 
irrigation treatment has started or when full irriga- 
tion is restored in the grain-filling and maturing 
stages. 

Field screening under rainfed-wetland culture 
(Plan Breeding). In the simulated rainfed-wetland 
experiment of the DS, 752 breeding lines and 
varieties were scored at the vegetative stage. The 
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6. Relationship between flowering delay and flowering date 

with regression analysis of genotypic performance. 1982 DS. 
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7. Relationship between grain yield and canopy terr tature 
with regression analysis of genotypic performance. 7.2 DS. 

drought reactions ranged from I to 7 on a 1-9
 
decimal scale (Table 4). Because of soil hetero
geneity, the drought reaction of the susceptible 
check variety IR20 varied from. ntto plot. Inspite 
of such varied reactiors of the check variety, 18.6% 
of the test entries dis',"ictly showed a high level of 
drought resistance at the vegetative stage, scoring 
from I to 2. 

At the reproductive stage, the decimal scores 
ranged from I to 9 (Table 4). Of the 183 entries, 
24% had high scores of I to 3. Khao Lo, a tradi-
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8. Relationship between spikelet fertility and canopy temper
ature with regression analysis of genotypic performance. 
1982 DS. 

Table 3. Genotype rankings based on the sum of the 
numerical rank of each entry. 1982 DS. 

GntbR13 C E Mean Overlrank 

IR8234-174-3 1 5 2 8 2.7 1 

IR9575 Sel. 
 6 1 1 8 2.7 1IR52 #1 3 2 4 9 3.0 3 
IR9782-111-2.1-2 2 4 9 15 5.0 4 

UPL-RI-5 
 4 6 10 20 6.7 5 
C1064-5 5 12 3 20 6.7 5IR9752-71-3-2 13 3 4 20 6.7 5 

IR9669 Sel. 
 9 11 6 26 8.7 8 

IR52 #2 7 10 12 29 9.7 9 

IR8103-120.3 
 10 8 12 30 1.0 10
IR9995-1-1-1 7 9 21 37 12.3 11 

IR43 11 
 14 16 41 13.7 12 
IR5982-7-6-1 14 16 11 41 13.7 12 
Salumpikit 15 15 14 44 14.7 14
IR5624-110-2 12 12 20 44 14.7 14 
IR6023-10.1-1 20 19 7 46 15.3 16 
IR3880-10 17 7 23 47 15.7 17 
K. Patong 22 18 8 43 16.0 18 
IR3646-8-1-2 16 20 21 57 19.0 19 
IR36 #1 18 17 23 58 19.3 20 
IR3839-1 19 22 18 59 19.7 21
lET 1444 21 24 14 59 1S.7 21 
IRnO 25 26 16 67 22.3 23 
IR7790-18-1-2 26 23 18 67 22.1 23 
IR6115-1-1-1 23 21 26 70 23.3 25 
IR36 #2 24 25 25 74 24.7 6'3 

= grain yield. b12 = relative grain yield index. Cl3 = 
percent fertility index. 

tional dryland variety of Laos, and IRAT 142 of 
West Africa both had a score of 2. This was consist-
ent witfi the drought reaction observed in previous 
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screenings in dryland culture. KDML65G U-45, a 
selection from Thailand, scored I, and 

Sailboro 426 (Acc. 29407) from Bangladesh scored 
3. The susceptible check IR20 remained stunted 
and bore no panicles.

Generally, most of the test entries showing high 
levels of drought resistance at both the vegetative
and reproductive stages were selected from the 
dryland breeding nurseries or from the GEU 
nurseries; they have either a dryland breeding line 

the parentage or a drought-resistant parent.
A major constraint on screening for field resist

ance to drought in wetland culture was the seepage 
of water from neighboring irrigated fields, espe
cially when the plants were under stress. 

Field screening under dryland culture (Plant 

Breeding). Screening of the germplasm of Oryza
saliva, Orvza glaberrina,and the breeding lines 
selected from the dryland nurseries of IRRI and 
those of Indonesia, IRAT, and llTAcontinued. Of 
1,615 entries scored at the vegetative stage, 38.9% 

had scores of I to 3 (Table 5). These cultivarsshowed a wide range of reactions at the vegetative 
and reproductive stages.Of 649 accessions and breeding ines evaluated at 

the reproductive stage, 2.8% scored I to 3. Among
them were Dular (Acc. 3688) from India,
BMT53R3536 (Acc. 1863) from USA, and Daha

nala 2014 (Acc. 3469) from Sri Lanka. IRATI44 
and IRAT133, which flowered 80 DAS, scored 3 
and 4, respectively. Eight sativa cultivars, three 

breeding lines, and five Oryza glaberrimastrains
scored 4 at the reproductive stage. These varieties
and lines are early maturing and most likely have 

the escape mechanism. More refined tests are 
needed to determine the drought resistance mech

anisms involved. 
Another 900 accessions included in the screening 

nursery were not scored because of the soil hetero

geneity in the test site. 

FIELD EVALUATION OF RAINFED RICES 
Agronomy and Plant Breeding Departmentsand 
IRTP 

Dryland rice yieid trial, 1982 wet season (Agron
omy). Duringthe 1982 WS, dryland riceyield trials 
with 49 entries were conducted at IRRI; in two 
farmers' fields at Cuenca and Santo Tomas, 



Table 4. Drought reaction of breeding lines and varieties grown in rainfed-wetland culture. IRRI, 1982 DS. 

Entries Reaction 
Source tested 

(no.) 1 2 3 4 5 6 7 8 9 

Vegetative phase 

Breeding lines from 171 - 2 17 20 53 55 24 
wetland nurseries 

Breeding lines from 157 1 32 59 24 37 4 -

dryland nurseries 

Hybridization block 250 9 48 72 17 52 28 24 
entries 

Rainfed-wetland 41 11 21 6 2 - -

collaborative entries 

International Rainfed- 134 1 36 47 24 19 6 1 
Lowland Rice Observa
tional Nursery entries 

Reproductive phase 
Breeding lines from 43 . - - 4 - 7 1 31 
wetland nurseries 

Breeding lines from 8 - - 3 - 5 - - - -

dryland nurseries 

Hybridization block 80 1 7 22 2 25 - 13 - 10 
entries 

Rainfed-wedand 13 1 2 6 - 2 - 2 - -

collaborative entries 

Intrjrnatiuoal Rainfed- 39 - 1 1 - 10 - 20 - 7 
Lovland Rice Observe
tioanal Nursery entries 

aBased on Loresto and Chang (1981) [IRRN 6(2):9-10J. 

Table 5. Drought reactions of germplasm bank accessions and breeding lines in dryland culture. IRRI, 1082. 

ReactionO 
Source tested 

(no.) 1 2 3 4 5 6 7 8 9 

Entries 

Vegetative stage 
Germplasm bank 834 - 1 145 94 332 221 41 - 

accessions 

Breeding lines from 364 92 109 86 47 24 6 - - 

dryland nurseries 

Breeding lines from 22 4 5 10 1 2 - -

Indonesia 

Breeding lines from 41 13 13 6 4 5 - -

IRAT 
--TOX lines from IITA 120 45 55 10 6 4 

Oryza glaberrima 244 3 14 17 29 66 47 51 6 11 
strains 

Reproductive stage 
Germplasm bank 298 1 - 3 8 17 17 44 2 206 
accessions 

Breeding lines from 6 - - - 1 - 2 1 - 2 

dryland nurseries 

Continued on next page 
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Table 5 continued 

Source 
Entries 
tosted 
(no.) 1 2 

Breeding lines from 
Indonesia 

4 -

Brding lines from 
IRAT 

19 - -

TOX linesfrom IITA 
Oryza glaberrime strains 

37 
285 2 

. 
-

8Besed on the decimal scale of Loresto and Chang (1981) 

Batangas; and in two Philippine Bureau of Plant 
Industry experiment stations at lagan, Isabela, 
and La Granja, Negros Occidental. Most of the 
entries were selections from the 1981 and earlier 
field drought screening tests. 

In addition, preliminary yield tests with 16 
entiies composed of phenotypically acceptable 
drought selections w, e conducted at IRRI and the 
two Batangas sites. 

At Santo Tomas, the first (31 May) seeding 
received relatively adequate soil moisture during 
the June-September crop season (Fig. 9). At 
Cuenca, too much rain before seedling emergence 
resulted in poor germination of the 49 entries in the 
first (28 May) seeding. The second seeding in Santo 
Tomas (I Jul) and Cuenca (8 Jul), both seedings at 
IRRI (8 Jun and 13 Aug), and the only seedings in 
Ilagan (4 Jun) and La Granja (8 Jun), encountered 
moderate to high soil moisture stress (Fig. 9, 10). 
On 9 Sep, Typhoon Ruping brought 24-h rainfalls 
of 171 mm ac IRRI, 181 mm at Santo Tomas, 270 
mm at Cuenca. A dry spell that immediately 
followed the typhoon caused SMT at 10- and 20-
cm soil depths to rise beyond 30 cbar Iwk later and 
to remain high into early November (Fig. 9). In 
Cuenca, SMT remained low at the 20-cm depth in 
late September, but it went beyond 30 cbar for I 
and 2 %vkat the 10-cm depth in late October to early 
November. 

Grain yield data were obtained from the 28 May 
and 8 Jul seedings at Cuenca, the first 131 May) 
seeding at Santo Tomas, and the only (8 Jun) 
seeding at La Granja (Table 6). Dry spells caused 
complete sterility at the other sites and dates. 

Drought reactions during the vegetative stage 
were recorded in Cuenca, La Granja, and Ilagan 
(Table 7). Soil moisture stress prolonged growth 
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Reaction@ 

3 4 5 6 7 8 9 

- - - 4 

1 2 1 2 1 - 12 

- - 2 3 7 3 22 
11 5 21 11 46 6 183 

[IRRN 6(2):9-10]. 

duration by 9 d in IR19728-9-3-2 and by 21 d in 
IR9814-11-3. The dry spells greatly depressed plant 
height, as shown by a comparison of the mean 
plant height column with the Santo Tomas (31 
May) seeding plant height column in Table 7. 

IR9782-111-2-1-2 produced the highest yields in 
Santo Tomas (4.4 t/ha) and in Cuenca (3.5 t/ha) 
and was the only line with a mean yield higher than 
3 t/ha and 0.5 t/ha higher than that of the better 
yielding check, IR43 (Table 6). It matured 10 d 
earlier and showed greater vegetative growth 
drought tolerance than IR43 and UPL Ri-5 (Table 
7). Its semidwarf stature, however, renders it 
unacceptable to dryland rice farmers whose main 
problem is weed management. 

The better entries in the preliminary yield test, 
except IR3839-1, which was favorably 10 d earlier, 
and IR18189-42-2-3, which was 10 d later, were 
similar to IR43 and UPL Ri-5 in grain yield and 
growth duration (Table 8). Their plant height and 
other phenotypic expressions promise better weed 
competitiveness than those of 1R43. 

The prominent disease was brown spot in Santo 
Tomas and sheath blight in Cuenca (Table 7). 

The results confirm the importance of uniform 
rainfall distribution for successful dryland rice 
production. In Cuenca, rice should not be deep 
seeded (the practice is seeding 5 cm on dry soil) 
when successive rainy days are expected. 

Integrated performance trials forirainfed-shallow 
drought-prone environments (Agronomy, Plant 
Breeding, and IRTP). Identification of rices with 
traits for adaptation to drought-prone shallow 
rainfed conditions continued at three sites in the 
Philippines. Testing in rainfed sites outside of 
IRRI has been conducted since 1979. The 1982 
combined trial of 75 entries was composed of 
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advanced lines from the IRRI breeding program, 
several lines from Thailand, and the entries from 
the 1982 International Rainfed Lowland Rice 
Yield Nursery (IRI RYN). 

Conditions at the three sites presented a wide 
range of stress environments. Liloan, Cebu, which 
has a marginal wetland rice environment with low 
prolonged drought during the 1982 WS, which 

delayed planting until August. Rainfall during the 
growing season was inadequate to maintain stand
ing water except for limited periods during the 

vegetative phase (Fig. 11).By the onset of flowering, 
the subsurface water table was fa.ing, and the field 
had no impounded water throughout the repro
ductive phase. The low soil mratric potentials that 

were induced (fi&. 1I)resulted In severe moisture 
stress, reducing the average grain yield for the trial 
to 1.2 t/ha. The earlier maturing genotypes were 
not as severely affected by moisture stress as the 
late-maturing types (Fig. 12). A significant negative 
linear relationship was observed between days to 
flowering and grain yield. 

Drought tolerance scores were taken using the 

1980 SES 0-9 scale during a severe drought period 
at the panicle initiation stage. Final yield was 
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Table 6. Yield of selected rices in a yield test in dryland condition at three locations in the Philippines. 1982 WS. 

Yield (t/ha) 

Designation Cuenca Santo Tomes La Granja 
Mean 

28 May 8 Jul 31 May 8 Jun 

Early maturing 
IR9782-111-2-1-2 2.3 3.5a 4.4a8 3.1 3.32 
IR9101-37-1 2.1 2.7 3.7 2.8 2182 
IR19728-9-3-2 1.7 2.6 4.1 2.9 2.82 
IR7790-18-1-2 2.3 2.1 4J 2.8 2.0 
IR9209-262-1-3-1 2.1 2.1 3.8 3.0 2.75 
IR9814-11-3 2.3 3.0 3.9 1.8 2.75 
IR5931-110-1 2.0 2.7 3.7 2.2 2.65 
IR19743-25-2-2 18 2.9 3.2 2.6 2.62 
IR8608-3-2-2-3 1.9 2A 4.1 2.1 2.62 
IR19735-5-2-3-2-1 1.4 2.5 2.0 3.58 2.35 

Late maturing 
IR9560-2-6-3-1 3.O 2.3 3.9 2.5 292 
IR13149-23-2 2.5 - 3.7 2.6 2.90 
IR43 (yieldcheck) 2A 2A 4.0 2.0 2.80 
B44b-50-2-2-5-1-1 2.7 - 2B 2B 2.77 
IR9995-96-2 2.2 3.3 3.2 1.6 2.58 
UPL Ri-5 (yield check) 2.6 2.3 2.6 2.7 2.55 

Drought checks 
IR442-2-58 (T) 2.0 1.9 1. 2.3 2.00 
Salumpikit IT) 2. 1.6 1.6 1.6 1.90 
IR20 (S) 1.7 1.9 2. 1.3 1.92 
IRAT9 (S) 1.2 2.1 3.0 2.6 2.22 

Test mean 1.96 2.23 3.01 2.08 2.32 

aHighest yield within site or date. 

Table 7. Mean yield at three locations and other agronomic characteristics in four locations of selected rices in a yield 
test in dryland condition in the Philippines. 1982 WS. 

Plant height (cm) Panicles Drought reactionaYield Heading 
ImportantDesignation (t/ha) range

(DAS) Santo Tomes, Mean (no'/m 2 ) Cuenca La Granja Ilagan diseasesb 

seeded 31 May 

Early maturing 
IR9782-111-2.1-2 3.3 83-99 82 71 368 3 3 2 3S 
IR9101-37-1 2. 78-90 89 79 307 3 3 2 4S, LSm 
IR19728-9-3-2 2.8 72.81 89 75 285 3 2 3 
IR7790-18-1-2 2.8 83-105 94 83 294 3 2 5 ',S, LSm 
IR9209-262-1-3-1 2.8 78-99 82 72 304 3 3 5 6S, ShB 
IR9814-11-3 2.8 04-103 90 82 278 5 2 2 ShB 
IR5931-110-1 2.6 85-102 106 89 281 3 4 3 
IR19743-25-2-2 2.6 72-84 76 71 334 3 2 3 BS, ShB 
IR8608.- 2-2-3 2.6 81-99 89 74 311 3 2 2 BS, LSm 
IR19735-5-2-3-2-1 2A 74-84 80 68 338 3 3 3 BS, FSm, LSm, ShB 

Late maturing 
IR9560-2-6-3-1 2.9 100-113 88 76 285 3 2 2 BS, LSm 
IR13149-23-2 2.9 100-118 85 75 270 3 3 3 ShB 
IR43 (yield check) 2.8 93-111 87 77 273 3 2 4 LSm, ShB 
B44b-50-2-2.6-1-1 2.8 104-118 95 88 199 4 2 3 
IR9995-96-2 2.6 95-116 90 82 294 3 2 2 LSm 

Continued on opposite page 
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Table 7 continued 

Heading Plant height (cm) Drought reactionI 
Designation Yield range Santa Tomes Mean Pnicles D diseasesb 

(t/ha) (DAS) sndo May Cuenca La Graiija Ilaganseeded 3131 May 

UPL Ri-5 (yield 2.6 94-11C 117 100 241 3 4 3 
check) 

Drought checks 
IR442-2-58 (T) 
Salumpikit (T) 
IR20 (S) 
IRAT9 (S) 

2.0 
1.9 
1.9 
2.2 

96-110 
87-102 
93-112 
84-99 

91 
137 
93 
86 

84 
124 
79 
77 

260 
266 
262 
298 

3 
3 
7 
3 

2 
1 
4 
1 

4 
2 
5 
6 

BI, ShB 
LSm, ShB 
BS, LSm 
ShB 

a1980 SES 0.9 scale for drought tolerance. bDisease reaction of higher than 5 using 1980 SES 0-9 scale where 0 no 

disease incidence and 9 = severe infection. BI = blast, BS - brown spot, FSm - false smut, LSm = leaf smut, ShB 
sheath blight. 

Table 8. Performance in a preliminary yield test of phenotypically acceptable drought-tolerant rices, Cuenca and Santo 
Tomes, Batangas. 1982 WS. 

Grain yield (t/ha) Heading (DAS) Phenotypic Plant Panicles 
acceptabilityb height (cm) (no./m 2 ) Important 

Designation Cuenca Santo Mean Cuenca Santo diseasesC 
Tomes Tomes Cuenca Mean Mean 

3.8 a 4.0a
IR43 (check) 3.98 106 96 5 84 235 ShB 
IR13189-42-2-3 4.3a 3.3 a 3.8 a 117 106 3 106 270 

a a
IR3839-1 3.3 3.9 3.6 96 84 4 96 259 

4.1a 3,5 aUPL Ri-5 2.9 105 95 3 109 183 

3.2 a 3.4 aIR18599-68-2-1 3.7 107 96 4 89 293 ShB 
IR2144244-3 3.6 2.9 a 3.2 a 102 89 4 93 277 ShB 
Kinandang Patong 2.9 2.0 2.4 99 91 6 142 155 FSm 
(local ckeck) 

Mean 3.25 2.70 2.98 

aBetter than Kinandang Patong at P = 0.05 by Duncan's Multiple range test. b 3ased on the 1980 SES 1-9 scale where 
1 = excellent, 9 = not acceptable. CDisease reaction higher than 5 where .0 = no disease incidence, 9 = severe infection. 
ShB = sheath blight, FSm = false smut. 

highly and negatively correlated with the drought 
scores (Fig. 13). Scores ranged from I to 8 and 
grain yields varied from less than 0.5 t to more than 
2.5 t/ha. 

The IRRI trial was planted on a well-drained 
location on the new IRRI farm. The field retained 
impounded water until the flowering stage of the 
early maturing lines, except for brief periods (Fig. 
14). The reproductive phase was characterized by a 
declining water table and gradual reductions in soil 
matric potential, accelerating in intensity during 
the grain-filling period. Yields were generally af-
fected by the moisture stress conditions, but the 
average yields (2.1 t/ ha) were higher than in Cebu. 

Hydrological conditions at the Guimba site in 
central Luzon, 300 km north of IRRI, were very 

favorable (Fig. 15). Rainfall was uniformly dis
tributed throughout the growing season. Although 
the fields retained no standing water late in the 
season, the water table level stayed at or near the 
surface until harvest was nearly completed. Soil 
matric potentials remained near zero all season. 
With these conditions average grain yields of 4.7 
t/ha were produced, causing the site to serve as a 
measure of yield potential with favorable condi
tions. Insects and diseases were not significant 
problems. The water regime was the major dif
ferentiating variable among locations. 

The performance of the top 13 genotypes in each 
of the three groups is shown in Table 9. Cebu is 
emphasized as the discriminating environment for 
performance and the cultivars are listed in their 
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at 60 cm), field water depth, and rainfall, Liloan, Cebu, 
Philippines. 1982 DS. 

rank order because the moisture stress was most 
severe at that site. Statistical comparisons among 
tne lines within each group were made using the 
group balanced block design. 

The lines with the highest yields, or those whose 
in 

yields were on 	 atCebu while 	statisticallystatistically on parpar withwith thethe highesthighest at 

IRRI and in Guimba, were considered superior for 
drought conditions. 

The entries in group I tended to be the highest 
yielders in Cebu. However, their mean yields 
across all environments were considerably lower 
than the averages of groups 2 and 3, suggesting 
greater adaptation to severe stress environments 
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but relatively lower capacity to respond in more 
favorable conditions. These materials tended to be 
taller than the entries in groups 2 and 3, and to 
include some lines with outstanding performance 
in northeastern Thailand (e.g. Khao Dawk Mali 
105, Nam Sagui 19, and KDML65-GU-45-45). 
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rainfall, IRRI, Los Bahos, Laguna, Philippines, 1982 WS.
 

Table 9. Summary of grain yields and plant characters for the top 13 entries in each group of the integrated perform

ance trial for rainfed shallow drought-prone environments. IRRI, 1982.
 

DroughtYield (t/ha) Overall a 
score 

Days to (CebuDesignation Cebu IRRI Guimba Mean Plant 

height floweringyield Rank 
(cm)

(t/ha) 

Group 1. Rainfed wetland culture nursery 
2.9 2 104 87 3.7IR3179-25-3-4 2.2 a 1.8 abc 4.8 abc 


IR10110-24-1 2.1 ob 2.2 abc 3.8 brdef 2.7 8 125 60 1.7
 
94 3.0IR8997-4-18-1 2.0 ab 2.0 abc 4.2 abcd 2.7 6 113 


BPI-76 N.S. 12 abc 1.9 abc 4.3 abcd 2.7 9 115 93 1.0
 
2A gh 1.9 22 133 89 1.7
Nam Sagui 19 1.8 abcd 1A cd 

d h 100 3.7KDML65-GU-45-45 1.8 abcd 0. 2.3 1.6 25 127 

KKN7205-39-3-SKN-1-1-1 1Z abcd 2.1 abc 4.1 abcde 2.7 10 102 92 4.3 
22 4 101 84 4.3IR5931-110-1 1.5 abcde 1.7 abed 5.1 ab 

1.9 abc 5Aa 29 3 116 93 3.0IR13754-5 1.5 abcde 

Continued on next page 
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Table 9 continued 

Yield t/ha) 	 Overall Drought 
Desigationscoref 

Plant Days tc (Cebu)DeCgnationu IRRI Guimba 	 Mean 

yield Rank height flowering 
(t/ha) ,m) 

IR11438-13 
IR18848-35 
Khao Dawk Mall 105 
IR10044-24-1-1 

1A abcde 
1.A abcde 
1.4 abcde 
1.3 abcde 

2.5 ab 
1.6 bcd 
2.0 abc 
1.9 abc 

5.0 abc 
4.0 abcde 
2.5 fgh 
4.7 abc 

3.0 
2.3 
2.0 
2.7 

1 
15 
21 
11 

132 
113 
133 
125 

90 
P19 

108 
93 

3.0 
2.3 
4.7 
1.7 

Group 2. Drought-prone areas nursery 
IR36 1.98 
IR19735-5-2-3-2-1 1.8 a 
IR19058-107-1 1R8 
IR21015e0-3"3-1-2 1 Be 
IR13427-40-2-3-3-3-3 1.7 a 
BPT3291 1.6 ab 
IR5853-198-1-2 1.5 abc 
IR54 1A bcd 
IR19672-140-2-3-2-2 1.4 abcd 
IR13146-13-3-3 1A abcd 
IR22082-41-2 1.3 abcd 
IR5629-64-3 1.2 abcd 
IR19274-26-2-3-1 1.2 abcd 

1.3 ef 
1.4 ef 
2.0 bcdef 
2A abcd 
1.3 ef 
2.1 abcde 
2A abcd 
3.0 ab 
2.7 abc 
32a 
3.2 a 
2B ab 
3.1 a 

4.4 bc 
3.1 a 
4. abc 
5.6 ab 
3.0 d 
4.9 abc 
5.7 ab 
6.0 a 
5.3 abc 
5.5 ab 
5.3 ab 
5.3 ab 
5.7 ab 

2.5 
2.1 
2.9 
3.3 
2. 
2.9 
3.2 
3.5 
3.1 
3.3 
3.3 
3.7 
3.3 

19 
22 
13 
5 

23 
14 
7 
1 
8 
2 
4 

10 
3 

75 
83 
87 
87 
78 
79 
94 
92 
86 

100 
90 
93 
87 

82 
70 
82 
84 
71 
99 
92 
93 
99 
95 
89 
87 
89 

4.7 
1.7 
1.0 
1.3 
2.7 
4.0 
3.0 
1.7 
5.3 
4.7 
5.0 
5.0 
5.7 

Group 3. InternitionalReinfed Lowland Rice Yield Nursery 
IR13429-130-2 2.9a 1.5 cdef 4.7 cdefg 

UPL RI-5 2.2 ab 2.6 ab 5.6 abcd 
R9-1.-1-3-7-7 2.2 eb 1.9 bcdaf 4.2 g 

RD975-109-2 1.8 c 2.1 abcde 5.2 abcde 

IR52 1. abc 1.8 bcdef 5.2 bcde 

IR13427-45-3-1-2-2-2 1.8 bc 1.3 def 4.1 efg 

UPL Ri-3 1.7 bc 2.5 abc 5.0 bcdef 
R114-2-1-1-1 1.6 bcde 2.1 abcde 5.1 bcde 
IR9129-192-2 1.4 bcde 1.2 ef 3.3 g 

IR19672-54-1-3-2-1 1.3 bcde 2.3 abcd 5.2 bcde 

IR20 (local check) 1.3 bcde 2.3 abcd 50 bcdef 
IR8192-166-2-2-3 1.1 cde 2.2 abcde 5.8 abc 

IR46 1.1 cde 3.1 a 6.7a 

3.0 
3.4 
2. 
3.0 
2.9 
2.4 
3.0 
3D0 
2.0 
3.0 
3. 
3.0 
4.0 

3 
2 

16 
5 

10 
22 

4 
9 

25 
11 
12 
6 
1 

8' 
113 
86 
99 
89 
74 

113 
96 
84 
92 
89 

105 
99 

83 
90 

100 
105 
86 
83 
93 

104 
73 
97 
91 

102 
93 

4.0 
1.0 
4.0 
3.7 
2.3 
3.0 
1.0 
5.7 
4.0 
5.7 
6.3 
5.0 
4.3 

5Bos.d on 1980 SES 0-9 scale. 

at omy). During the 1980 to 1982 WS, the effects ofMany lines had outstanding performance 
Guimba and medi cre performance at Cebu be- water table depth in 11 environments on grain yield 

cause of severe stiess. IR46, the highest yielding of several elite and advanced breeding materials of 

line in the trial, isan example of this pattern, the rainfed lowland yield trial for drought-prone 

Entries with particularly good performance in all areas were studied. Polyvinylchloride tubes 

three environments included IR3179-25-3-4, (Piezometer) placed in the field to depths of20, 60, 
IR11438-13, IR13754-5, IR21015-80-3-3-1-2, and 100 cm served as observation wells from which 

IR54, IR13146-13-3-3, and UPL Ri-5. water table depth was measured. The average 

Selection by yield performance in environments water table depth during the yield-dkermining 

with severe reproductive period moisture stress reproductive stage was calculated by adding the 

tends to favor early maturing materials. Compari- daily values from panicle initiation to 10 DBH 

sons of genotypes within their respective maturity individually for each maturity class - very early 

classes are necessary to identify the best materials (<105 d), early (105 to 115 d), medium (115 to 130 
d), and late (> 130 d). This period encompasses thefor a range of maturities. 

Analysis of water table and grain yield (Agron- main reproductive stage events most sensitive to 
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16. Relationship between grain yield of the two highest yielding entries at each location and average water table depth below the 

soil surface in the root zone above the hardpin (0 to 20 cm)and below the field (0 to 60 or 100 cm) soil surface. Entries were 

grouped by maturity class: very early(< 105d), early( 105 to 115 d), medium([ 15 to 130d), and late(<l 30d). The average water 

table depths were summed over the period 30 cm before flowering to 20cm after flowering based on mean flowering date of each 

maturity group. IRRI, 1982. 

moisture stress. 
Figure 16 shows the relationship of average 

water table depth and grain yield for each maturity 

group (each point is an average of the two highest 

yielding varieties or lines for each location). By 

using the highest yielding entries, the effects of 

other biological and physical-chemical factors 

determining growth and yield should be negated. 

This allows the focus to be placed on the role of 

subsurface water in determining crop yield response 

to rainfall in rainfed wetland culture. Significant 

correlations of 0.67* in the very early, 0.69* in the 

early, and 0.92** in the late-maturing entries were 

observed. However, in the medium-maturity 

groups, the correlation coefficient of 0.28 was not 
For thesignificant for the shallow water table. 

deeper water table, the early-maturity group had a 

low correlation coefficient of 0.57, but significant 

correlations of 0.76** in the early, 0.70* in the 

medium, and 0.82* in the late-maturing entries 

were observed, although grain yield generally 

decreased with decreasing water table depth. Al-

though water table depth during the crop season 

was very low in some localities, grain yields were 

high possibly because of adequate andamount 

distribution of rainfall and not because of the total 

rainfall per se. For example, at Iloilo during the 

1981 WS (Fig. !7), rainfall was well distributed 10 

d before flowering to 20 d after flowering, with 154 

mm rainfall for the early-maturing group and a 

mean grain yield of 3.9 t/ ha. However at Guimba, 

during the 1980 WS, although rainfall was high 

(347 mm) for the same growth stages, mean grain 

yield was rather low (2 I t/ ha) because a short-term 

water deficit followed flowering in mid-October 

(Fig. 18). 
The results suggest that records of water table 

depths within and below the rice field can be a 

usefui indicator of field-level hydrology. Using 

these easily measured parameters in tandem with 

meteorological data, particularly rainfall, allows 
at remoteinterpretation of crop moisture stress 

sites. It is the only practical method currently used 

in large variety trials. The daily nature of these 

hydrological values allows interpretation of yield 

response to moisture stress for the varying sensi-
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17. Water level in the field (piczometer at 20 cm) and below the -_0 I 
field (piezometer at 60 cm), and rainfall, Oton, Iloilo, Philip- Sep Oct Nov Dec 
pines, 1981 WS. 

18. Water level in the field (piezometer at 20 cm) and below the 

field (piezometer at 100 cm), and rainfall, Guimba, Nueva Ecija,tivities of each of the rice crop growth stages. 
Although numerous other biological, physical, Philippnes, 1980 WS. 

and chemical factors contribute to the site-specific 
stresses that affect yield, the rice field hydrological In all three plantings, 1R20 had the shortest 
records aid significantly in the interpretation of roots and IAC 25, Kalakari, and Black Gora 

differences in nursery performance over time and consistently the longest. Likewise, IR20 haO the 

thinnest roots (x = 0.51 mm) and Moroberekan (.1
locations, 

= 1.26 mm) the thickest. Moroberekan (0.95) and 

Padi Tatakin (0.70) had the highest root-shootROOT STUDIES 

Plant Breeding and Agronomy Departments weight ratios, 1R20 (0.35) and Tupa 944 (0.27) the 
lowest ratios. 

Aeroponic culture techniqu( (Plant Breeding). The However, the improved semidwarfs and tradi
reliability of the aeroponic culture in root studies tional wetland varieties had higher root numbers 

was investigated in efforts to perfect a systematic, (67-116) than the dryland varieties such as OS4, 

efficient, and rapid method of screening for root Moroberekan, and Kinandang Patong (38-59). 
characteristics. Twenty-seven varieties with various Among the five root characters, root diameter 

reactions to drought in intensive field and green- appeared to be the least affected by environment 
house studies were tested (Table 10). (Table 11). A high coefficient of variation (CV) was 

The experiment was carried out in the Phytotron observed in root number, root-shoot ratio, and dry 

glasshouse with a randomized complete block weight. Such variations in root characters from 

design, with three replications. It was repeated one planting date to another were also observed 

three times on different dates to assess its repro- earlier in roots of 35 varieties grown in mylar 

ducibility. cylinders of light-textured soil (Annual report for 
The growth trends of root characters obtained in 1974). 

the aeroponic culture were similar to those obtained Variety ranking with respect to different root 

from the field, root boxes, mylar tubes, and green- characters, however, were consistent from one 

house studies. planting to another. For more meaningful data, 
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Table 10. Root characteristics and drought reactions of 27 rice varieties from the germplusm bank. IRRI, 1982. 

yType Root 	 Field reaction scorecof 	 Rootb 

diameter (mm) Vegetativa ReproductiveVariety cultureN length (cm) 

IR20 	 W 66.9 0.51 7 9 
3 8IRAT9 ID 82.9 0.76 	 
7 97.3 0.71 

Lalsaita W 1078 
ARC 15107 W 

C.88 7 7 

Sintianne Diofor ?) 1048 0.83 3 8 

Taichung (N) 1 W 89.1 0.71 6 9 

Aus 83 W 101.8 0.93 6 7 
-W 948 0.4 7Digha 

Tupa944 W 96.1 	 0.66 7 9 
6 9IR22 W 818 0.72 

IR8 W 828 0.76 4 9 

IR43 ID 758 0.72 5 9 

IR36 W 84.1 0.68 6 7 

I1R442-2-68 W 76.9 0.79 5 9 

C22 ID 93.3 0.99 2 9 
6Salumpikit D 105.1 0.99 4 

Khao Lo D 90.1 0.99 5 5 

Moroberekan D 100.9 1.26 5 2 

Kinandang Patong D 97.0 1.04 3 3 

IAC25 ID 108.9 094 4 6 
3Dular DP 102.0 0.96 5 

OS4 D 98.3 0.96 4 3 
91A 0.99 5 	 4 

4 
MI48 	 D 
Pedi Tatakin D 90.0 0.93 4 

63-83 D 104. 1D2 4 2 

Black Gore * 108.1 0.89 6 5 
4 * 113.3 0.83Kalakeri 

= 
OW = wetland, D - dryland, ID improved drylaoid, DP - dual purpose, * = grown in drounht-prone areas in India.bAy
 

1 - resistant,
of nine observations. CScore taken from the data bank as evaluated by the Plant Breeding Department: 
9 = susceptible. 

Correlation analysis showed that root diameter 
was highly and positively correlated with the root-

Table 11. Coefficient of variation (CV) of eight rooft and 
shoot characters among 27 rice cultivars at three planting shoot ratio (r = 0.83**), but negatively correlated 

with root number (r = 0.61**). Root length anddates. IRRI, 1982. 

root-shoot ratio were not significantly related.cv (%) 
Character Root length was higbly and positively correlated 

Dec-Feb Feb-Mar Apr-May with root diameter (r = 0.57**). Most of the test 

varieties with deeper root systems generally have
Root length 4.67 3.09 9.04 
Root diameter 8.68 7.54 7.90 thick roots. Lalsaitv, Tupa 944, and ARC 15107 
Root number 17.34 13.51 18.71 were exceptions; they have a combination of deep 
Root-shoot ratio 18.53 37.32 17.17 

and thin roots.25.95Root dry weight 21.06 14.69 
Shoot dry woight 21.50 25,02 23.69 Among the four root characters studied, a 
Plant height 8.62 14.11 9.14 combination of deep and thick roots appeared 
Tiller number 17.12 1988 21.19 stable a- , could be a useful criterion in selecting 

for drought resistance in a program emphasizing 

check varieties with both shallow and thin roots the droight-avoidance mechanism. 

(IR20) and deep and thick roots (Moroberekan) The results show that data on root characters 

should be planted in each drum (Fig. 19). A ratio obtained from aeroponic culture are reproducible, 
between the test variety and the check variety could indicating an advantage of this technique over the 

index in root boxes or field sampling - especially inthen be extrapolated and used as an 
scoring the different root characteristics, screening large numbers of rice cultivars and 
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19. Comparison of root systems offive rices grown in aeroponic 

culture. IR20 has extremely shallow and thin roots, while 
Moroberekan has extremely deep and thin roots. IRRI, 1982. 

breeding lines. One cycle of testing requires only 
45 d. 

root characteristics andRelationship between 

field resistance to drought (Plant Breeding). Root 
length, root number, and root-shoot ratio were not 

significantly correlated with field reaction to 

drought during the vegetative growth stage (Table 
12). Data on field reaction to drought were based 

on visual scorings in the field during the DS. Test 

varieties susceptible to drought at the vegetative 
stage, such as Lalsaita, Sintianne Diofor, Tupa 

944, Digha, and ARC 15107, have deep roots 
(94.8-107.8 cm), most of them thin. Although deep 

roots enable the rice plant to reach deeper for 

water, it is possible that the thin root does not 

extract or store enough water to meet the atmo-
spheric demand of the varieties. Thus, the shoots 

readily suffer from a water deficit during prolonged 
drought periods, 
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20. Relationship betwen root diameter and field drought 
reaction score at vegetative growth stage. IRRI, 1982. Reaction 
score from Loresto and Chang 1981, IRRN 6(2):9-10. 

Table 12. Correlation coefficients between root characters 

and field resistance to drought at vegetative and reproduc
tive stages of growth. 

Correlation coefficient 

Root Root Root Root-shoot 
length diameter number ratio 

-0.46* 0 .2 7 ns -0.36 nsVegetative field -0.16ns 
reaction scorea 

Reproductive 0.54" -0.78* 0.53* -O.77* 

field reaction 
scorea
 

a, =resistant, 9 =susceptible. 

On the other hand, root diameter was negatively 
and significantly correlated with drought reaction 
scores at the vegetative stage (r = -0.46**). Thick

rooted varieties, such as Moroberekan and Kinan

dang Patong, have a higher drought resistance 
than the thin-rooted varieties such as IR20, Tupa 
944, and ARC 15107(Fig. 20). Earlier studies on 35 

rice selections also indicated that the mean diam

eter of thick roots is highly correlated with higher 
levels of drought resistance (Annual report for 

1974). Moreover, field resistance for drought at the 

reproductive growth stage ishighly correlated with 

deep and thick roots, low root number, and high 

root-shoot ratio (Table 12). 



These findings confirmed results of earlier field 
studies, which indicated that drought-resistant 
varieties, such as Palawan, M 1-48, and OS4 have 
deep and thick roots in contrast to the thin and 
shallow roots of IR20 and TN!. 

Varietal comparison ofthe main xylem vessels in 
rice roots (Agronomy). One way of enhancing the 
ability of rice to extract water from deep soil layers 
during drought is by decreasing root axial resis-
tance. 

A study was 2onducted to determine the diam-
eter of the main xylem vessels of seminal and nodal 
roots of28 rice varieties. Pregerminated seeds were 
sown in 3.8-liter pots in a phytotron growth cabinet 
(29'/21°C, 70'/70% RH, 30 Klux). Four to 5 
DAS, the seminal roots were about 10 cm long. 
Nodal roots of about the same length were colle-cted 
from 14-to 15-d-old seedlings, 

Free-hand, cross-sections of I-cm roots cut 
3.5 cm from the seed were made and stained briefly 
with 1%toluidine blue. The sections were washed 
thoroughly with distilled water and examined 
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under a compound microscope. The diameter of 
main xylem vessels of seminal roots ranged from 29 
to f7j i. Dryland varieties from West Africa (63-83, 
Moroberekan, IRAT 13) and Brazil (IAC 1246, 
IAC 25) possess seminal roots with the largest 
vessels. Most of the small vessels were found in 
deepwater and wetland varieties. Results obtained 
from adventitious or nodal roots of six selected 
varieties illustrate the same trend, although the 
magnitude was slightly less than that of seminal 
roots. IR20 had the smallest vessel diameter (27 = 
6.8 u) and 63-83 the largest (52+ 3.5 u). 

SOIL-PLANT-WATER RELATIONSHIPS 
Agronomy andSoil Chemistry Departments 

Crop canopy temperature in relation to drought 
resistance mechanism (Agronomi'). In previous 
research, visual scoring and the plant-based leaf 
water potential measurement were used to assess 
the genotypic response to moisture stress in the 
field. In 1981, the infrared thermometer was used 
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21. Relationship between canopy temperature and midday LWP of II rice cultivars during the 
treatment period (6 Apr-4 May) 3t reproductive stage. Irrigation level refers to a factor multiplied by the 
amount of Water evaporated' from a standard class A pan. Arrows indicate progression of plant 
moisture stress. IRRI, 1982. 
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,o evaluate genotypes for the ability to maintain 
low canopy temperatures under various drought 

conditions. Again in 1982, canopy temperatures of 
several genotypes at the reproductive stage were 

measured in the field and related to some drought 
such as maintenance ofresistance mechanisms 

high leaf water pontential (LWP) and root system 

development. 
Figure 21 shows an inverse curvilinear relation- 

ship between canopy temperature and midday 
LWP of II rice cultivars as soil moisture pro-

gressively declined from sprinkler irrigation level 3 
to level 1. As LWP values ranged from -0.8 to -1.9 

MPa, canopy temperatures ranged from 28.50 to 
350 C in level 3; and decreased further to -3.1 M Pa 

as canopy temperature increased to 37.50 C in level 

1. The scattering of the data could be due to 

differences in varietal response, and presence of 

clouds which could vary the amount of radiation 
received by the rice leaf. 

To determine the moisture stress effect on the 

yield of the same II cultivars, the canopy tempera-

ture at 50% flowering was related to relative 

spikelet sterility (Fig. 22). Relative spikelet sterility 

partially eliminated the high-temperature effects 

on sterility observed even in the high-irrigation 

treatment at level 3. Canopy temperature was 

linearly related to relative spikelet sterility 

(r = 0.79**). There was a 0.20 increase in relative 

sterility for every degree increase in canopy tem-

perature. 
The ability of a cultivar to satisfy evapotrans-

piration demand and maintain low canopy tem-

perature and high plant water status could be 

attributed to its rooting behavior. When the irriga-

tion level was 40%1o greater than the pan evaporation 

(Ep n), the canopy temperatures and LWP values of 

iR52 and lR36 were similar at about 300 Cand -1.1 

MPa. However, when irrigation level was 35% of 

Ep2n, canopy temperature of IR52 was cooler by 

2'C and LWP higher at -1.3 MPa. 
IR52 had a root length density of 33.2 cm/cm' 

and a water extraction of 40 mm by partial water 
balance compared with 27.4 cm/cm t3 and 29 mm 

for IR36(Fig. 23). However, roots of bothcultivars 
extended to a soil depth of 60 cm. This indicates 
that the capability of IR52 to extract more water 

and satisfy the evapotranspiration demand could 

be attributed to variation in root length density. 
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22. Relative spikelek sterility of II rice cultiva-s at harvest and 

their canopy temperatures at 50% flowering. IRRI, 1982. 

The root length density of IR52 was 24% greater 

than that of IR36 in the upper 30cm of soil, where 

about 93% of the total water extraction occurred. 

Results indicate that canopy temperature deter

mined by the infrared thermometer can be used as 

a reliable, rapid, and noncuntact indicator of crop 

moisture stress. This observation is supported by 

plant water potential and soil moisture depletion 
data. 

Response of rice to moisture stress: sensitivity of 

meiosis during pollen development (Agronomy). /. 

glasshouse experiment was conducted to deternine 

the effect of moisture stress during pollen devel

opment on spikelet fertility. More specifically, the 

study attempted to investigate some irregularities 

at the meiotic stage of pollen development that 

may be associated with moisture stress-induced 

spikelet sterility in rice. 
IR36 was stressed during meiosis when the collar 

of the flagleaf was 3-6 cm Ibelow the collar of the 

penultimate leaf. The plants were stressed for 4 d 

with treatments of-I.6, -1.9, -2.2, -2.5, -2.8, and -3.5 
MPa LWP. The pots were then irrigated and kept 

unstressed until maturity. Unstressed (control) 

plants were flooded continuously. 
Leaf and panicle samplings were done between 

1030 and 1200 h on the fourth day - the time of 

maximum stress. Water potential of the flagleaves 
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23. Root length density (mean of three replications) and volumetric change in soil moisture content (mean of two 

replications) in the lowest irrigation treatment at level 1. IRRI, 1982. 
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24. Average percentage of spikelet fertility (+S. E.) of IR36 

stressed during pollen development. IRRI, 1982. 


of two to five plants was estimated by a portable 
pressure chamber. Pollen mother cell (I'MC) mei-

osis was examined on the unexserted panicles of 

the sampled tillers. The sporocytes of the panicles 
were fixed in fresh Farmer's solution (3 parts 95% 
ethanol, I part 45% acetic acid, traces of ferric 

chloride). After storage in the cold room, the 
panicles were washed in 70P/ ethanol. About 300-
800 cells for each stress level were examined for 

PMC meiosis using acetocarmine smears. The 

percentage and types of meiotic irregularities, if 

any, were determined. 

Figure 24 shows the percentage of spikelet 
fertility of IR36 plants after being stressed at the 

meiotic stage of pollen development. A linear 
regression illustrates the steady reduction of fertility 
as the LWP dropped. 

Abnormal chromosome behavior was observed 

in both stressed ard unstressed plants, although 

moisture stress appeared to accentuate the pre
sence of meiotic abnormalities (Fig. 25). One or 

two particular irregularities appeared to char

acterize each meiotic stage. The chromosome 
abnormalities observed were:a presence of univalents in diakinesis (prophase 

•nnogeso fcrmsmso ea eaennogeso fcrmsmsophases I and 2; 

o micronuclei formation in telophase 1, pro
phase 2, telophase 2, and resultant tetrads; and 

0 laggards in metaphases I and 2, anaphases I 

and 2, and telophases I and 2. 
Although the meiotic abnormalities were asso

ciated with moisture stressduring pollen develop
ment, they were not directly -.ssociated with spikelet 

sterility (Fig. 26). The mean percentage of ab

normalities across all meiotic stages at a particular 
stress level does not show a distinct trend that could 

be correlated with increased sterility. It was postu
lated that the association of moisture stress, at the 
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25. Moisture stress often intensified during pollen development 
of IR36. IRRI, 1982. 

Abnormalities at meiosis of PMC (7) 

40 


* * * 

20 
2 


Of_ 
Spiketel sterility 
60 


0 Flocded 
o co, rolgrowth 

A0 11.02-1.13X 


20 1 =090 

I 
-40 -30 -20 -10 0 

LWP(MPo) 

26. Relationship between meiotic abnormalities of the PMC 

and spikelet sterility in IR36 as affected by moisture stress. 
Percent abnormalities were summed across meiotic stages for 
each moisture stress level. IRRI, 1982. 

time in panicle development when the meiotic 
stages were present, with decreased fertility is 
linked to some latent effects such as lack of anther 
dehiscence. 

A corollary observation of the spikelets at 
maturity revealed a significant, although unex-
pected, percentage of the total sterility to be 
associated with blasted or poorly developed spike-
lets (Fig. 27). The actual cause of this type of 
spikelet degeneration or partial development isnot 
known. 
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27. Average percentage of blasted spikelets (± S. E.) in IR36 
stressed during pollen development. IRRI, 1982. 

Comparative response of rice, maize, and soy
bean to moisture stress (Agronomy). Rice (IR36), 
maize (DMR-2), and soybean (Clark 63) were 
grown in trays (32 X 24 X 10 cm) containing 6.5 kg 
of sievcd soil in a greenhouse experiment conducted 
to compare their nutrient uptake rates under 
moisture stress. N [(NH 4)2(SO 4)], P (solophos), 

and K(muriate of potash) were applied at 90-30-30 
kg/ha furrow slice on rice and soybean 12 DAS 
and on maize 5 DAS. In the st.ess treatment, water 
was withheld from rice, maize, and soybean start
ing 19, 12, and 15 DAS, respectively. Control 
plants continued to receive water daily. Stress was 

imposed when the crops, which have different 
rates, had a uniform leaf area of approx

imately 2dm2. Before the stress treatment, the trays 
were covered with polyethylene sheets to minimize 
soil evaporation. 

The dawn LWP values were similar during the 
first 10 d of stress, after wnich dawn LWP of rice 
sharply decreased (Fig. 28). Dawn LWP of soybean 
remained above -6 bar. The transpiration rate of 
maize was lower than that of either soybean or rice 
in both the stress and control treatments and 

moisture stress reduced transpiration rates of all 
three(Fig. 29). However, transpiration was reduced 
to the lowest rate in maize. At the end of the stress 
period, transpiration rates of the stressed rice, 
maize, and soybean were 38, 22, and 28%, respec
tively, of the control plants. 

Figure 30 illustrates the nutrient uptake trends 
during the 17-d stress period. The well-watered 
crops continuously accumulated N, P, and Kwith 
time (Fig. 30 A,C, E). Nutrient uptake response to 
moisture stress was markedly different among the 
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28. Dawn LWP of rice, maize, and soybean during the 17-d 
stress period. IRRI greenhouse, 1981 DS. 

crops. Total N content in the three crops differed 
significantly from that of control plants on days 9 
(rice), II(soybean), and 12 (maize). Naccumulated 
slowly in stressed maize and soybean until days 13 
and 16, whereas it leveled off in rice after 8 d of 
withholding water (Fig. 30B). N uptake was re
duced by as much as 61% in rice, 48% in soybean, 
and 41% in maize. Trends were similar in P uptake 
(Fig. 30D). The final P content was 70% of the 
control plants for waize, 42% for rice, and 32% for 
soybean. Moisture stress did not alter the Kuptake 
pattern in maize (Fig. 30F). K uptake decreased 
59% in rice and 38% in soybean. 

Moisture stress affected rice most and maize 
least. 

Drought tolerance at shallow rooting depth 
(Agronomy). Greenhouse screening for drought 

tolerance at shallow rooting depth (about 45 cm) 
and for the ability to recover from moisture stress 
was continued. 

One hundred and five GEU elite lines, including 
a few selected varieties and lines, were evaluated at 

the vegetative stageduring the DS and WS. Three 
entries, including the indicator plant Leb Mue 
Nahng, were seeded into dry soil in steel drums and 
watered regularly until 30 DAS. The soil was then 
allowed to dry naturally by evapotranspiration. As 
soon as Leb Mue Nahng was apparently dead from 
moisture stress, the entries were scored for drought 
tolerance, the soil was sampled for moisture con-
tent, and the plants were rewatered. Recovery 
ability was scored at desired growth stages. 
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29. Transpiration rates of control and stressed rice, maize, and 

soybean plants during the 17-d stress period. IRRI greenhouse, 

1981 DS. 

Tables 13 and 14 list theentries that consistently 
recovered in both replications during the DS and 

WS. The drought tolerance and recovery of IR9 752-. 
1-2-1 were outstanding (Table 13). However, Iand 
3 wk after relief from stress recovery was slow in 
the listed entries. During the WS, several of the 

promising entries, such as IR10068-18-2 and 
IR13146-41-3, had better recovery after4 wk after 

rewatering. 
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TotalOW one nt (q/lkiit x102)____________ 
Table 13. Drought tolerance ratings at vegetative stage of 

40 (ACC*# / (/stress promising entries and their drought recovery scores 1 and
/J 3 wk after relief from stress. IRRI greenhouse, 1982 DS. 

Soybean3, .. i
' IRecovery from 

V Drought drought b 

20 Variety or line tolerance 
10 scoref 1 wk 3wk 

10
 
/ I, IR9752-1-2-1 6 6 6 

o i iti ,, , IR13365-253-3-2 7 8 8 

Total shoot Pcontenl (g/lpnt x 10 
"2 

) IR13240432-2-3-2-3-1 6 8 8 
4 (C)Co/rol (O)Stress IR15496-219-2-3-2 6 8 8 

3 - IR9209-181:3-5 6 9 9 

IR9764-45-2-2 7 9 9 
o i 1 1 BPIRi6 7 9 9
 

Totalshool Kcontent(g/lantl 
-
2

) 7 9 9
x 10 IR10011-16-3 

50 (E)Cono (r) Stss Leb Mue Nahng 9 9 9
 

40 - 0,, (tolerant check) 
30 -'
 
30 - -aBased on the 1980 SES 0-9 scale. bBased on 1980 SES 
20 - .-. - 1-9 scale. 

10 _ L . - _ _.

0 2 4 6 8 10 12 14 16 180 2 4 6 8 10 12 14 16 18 
Daysafter waterwaswithheld Table 14. Drought tolerance ratings at vegetative stage of 

promising entries and their drought recovery scores 2 and 
30. Total shoot N, P, and K contents of control (A, C, and E) 4 wk after relief from stress. IRRI greenhouse, 1982 WS. 
rnd stressed (B, D, and F) rice, maize, and soybean plants 
during the 17-d stress period. IRRI greenhouse, 1981 DS. Recovery from 

Drought droughtb
 
Variety or line tolerance 

scorea 2 wk 4 wk
Use of a line source sprinkler system to evaluate 

sources and methods of nitrogen application IR10068-18-2 7 6 4 
(Agronomy). The yield response of rice to various IR1314641-3 7 7 6 

sources and application techniques was assessed IR143a-2alai8 SKulawali 
IR14632-22-3 7 8 7 

with a LSS system. Treatments consisted of six IR8073-65-6-1 7 8 8 
irrigation levels, two cultivars, and six Ntreatments IR25621.94-3-2 8 8 8 

Khao Dawk Mali 8 9 8 
replicated four times. IR5440-1.1-3 7 9 9 

IR52 and Kinandang Patong were hand-drilled Leb Mue Nahng 9 9 9 
in 30-cm rows at 100 kg/ha. Basal application of (tolerant check) 

13.2 kg P/ha and 24.4 kg K/ha was made at aBased on the 1980 SES 09 scale. bBased on 1980 SES 
..eding. The seedlings were established by uniform 1-9 scale. 

irrigation with four lines of sprinklers from seeding 
(day 0) to day 39. On day 43, the LSS (initiated at the sprinkler line (Fig. 31). IL I had a water 
IRRI in 1979) was used to create a gradient of six application rate of about 390 mm from the LSS. 
irrigation levels (IL) ranging from well watered (IL This value decreased progressively to about 36 mm 
1) to droughty (IL 6). On day 108, uniform at IL 5. 
irrigation was resumed over the entire area. Visualdroughtscore. Table 15 shows the drought 

Waler applied. Figure 31 shows the total water tolerance scores of lR52and Kinandang Patongat 
applied for seedling establishment and the amount the different irrigation levels and N treatments. 
from the LSS. The amount of water used (including Moisture stress was more apparent at I L 6, 5, and 
rainfall) in establishing the seedlings was more or 4, which received 0, 36, and 137 mm of LSS water, 
less uniform among the six plots. Water application respectively. With these levels, N-fertilized plots 
by the LSS decreased linearly with distance from had generally higher drought tolerance scores than 
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Table 15. Drought tolerance of IR52 and Kinandang Patong as affected by irrigation level (IL) and N treatment. IRRI, 

1982 DS. 

Drought tolerance score at IL8 

N treatment 
2 16 5 4 3 

IR52 
0.028 2.5 1.3 0.0 0.0

Control 
3. 2.5 1.0 0.0 0.0

Urea, 90 kg N/ha, 3 splitb 3. 
Urea, 90 kg N/ha, band 4.3 3.5 2. 2.5 0.0 0.0 

placed at planting 
1 0 0.0 0.03.8 2.5Urea + dicyandiamide, 90 kg N/ha 4.3 

B&Ic at planting 
0.5 0.0 0.0

Sulfur coated urea, 90 kg N/ha 3.5 3.0 1.8 

B&Ic at planting 
0.0 0.0

Ammonium sulfate, 90 kg N/ha, 4.0 3.5 2.0 0.8 

3 split 
0.0

Mean 3.8 3.4 2.2 1 0 0.0 

Kinandang Patong 
0.0 0.0

Control 1.5 1.5 0.3 0.0 


Urea, 90 kg N/ha, 3 splitb 3.0 2. 1.5 0.3 0.0 0.0
 
0.0

Urea, 90 kg N/ha, band 3.0 3.0 2.3 0.8 0.0 


placed at planting
 
0. 0.0

Urea + dycyandiamide, 90 kg N/ha 3.3 3.0 2.3 0.8 
c
B&I at planting 

2. 2.5 1.0 0.3 0.0 0.0
Sulfur coated urea, 90 kg N/ha 


B&Ic at rlanting
 
Ammonium sulfate, 90 kg N/ha, 3.3 2.8 1 J 0.5 0.0 0.0
 

3 split
 
0.0 0.0

Mean 2.8 2.6 1.4 0.5 

abased on the 1980 SES 0-9 scale. Irrigation levels range from well watered (1) to droughty (6). bThree equal split
 

doses: broadcast and incorporated at planting topdressed 25 DE and at PI. cBroadcast and incorporated.
 

Water ,010d (mm)
the control plots. The effect of moisture stress was 

40
 
smaller on Kinandang Patong than on IR52 with a 


limited water supply. line source sprinkler:
Total water appled from 

Grainyield. There was a significant interaction % 

between variety, irrigation level, and N treatment 300 %% 457.59 - 79.84X
-


(Table 16). The two varieties reacted differently to %%%0.99, n=6
 

the various combinations of water and N applica- %\
 
tion. In both varieties, no significant yield difference %
 
was observed among the six N treatments at IL 6 or 200 o i 

Tota water applied for %% 
5. With an adequate water supply (IL 1), 1R52, s=ing estisment %N
 

which was fertilized with urea + dicyandiamide at N,
 

90 kg N/ha (a nitrification inhibitor), yielded %4%
 

similarly to plots with three split applications of 100 %%
 

urea or ammonium sulfate, or those with basally
 
%.4incorporated sulfur-coated urea. At the same 

irrigation level, all IR52 N-fertilized plots had %% 

significantly higher yields than the control plots. 02 3 4 5 6 
(We-watee ) Irrigalion level (Drought )On the other hand, Kinandang Patong obtained its

highest yield of 305 g/ m"with an adequate water 
supply and no Napplication. Its lower yield when 31. Total water applied (including rainfall) for seedling estab

lishment and amount applied from the LSS system. IRRI, 

fertilized with 90 kg N/ha, regardless of the N 1982 DS. 
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Table 16. Grain yield of IR52 and Kinandang Patong as affected by irrigation level (IL) and nitrogen treatment IRRI, 

1982 DS. 

N treatment 

Control 
Urea, 90 kg N/ha, 3 splitb 
Urea,90kgN/ha, bandplaced 

at planting 
Urea + dicyandiamide, 90 kg N/ha 

B&Ic at planting 
Sulfur-coated urea,90 kg N/ha B and Id 

at planting 
Ammonium sulfate, 90 kg N/ha, 3 split 

Control 
Urea,90 kg N/ha, 3split 
Urea, 90 kg N/ha, band placed 

at planting 
Urea + dicyandiamide,90 kg N/ha 

B&I at planting 
Sulfur-coated urea, 90 kg N/ha B&I 

at planting 
Ammonium sulfate,90 kg N/ha, splitb 

6 5 

30a 57 a 
24 a 32a 

7a 9a 

6 a 27 a 

19 a 56 a 

32a 24 a 

27 a 35 a 
25a 26a 

5 a 25a 

13 a 21 a 

20 a 22 a 

198 23 a 

Grain yield (g/m2 ) at ILO 

4 3 

IR52 

199a 468 a 
104 b 417a 
39 b 314a 

68 b 398 a 

79 b 443 a 

91 b 404 a 

KinandangPatong 
103 a 297 a 
62a 211 abc 
22a 103 d 

78 a 139 cd 

79 a 254 ab 

54 a 190 bc 

2 1 

493 c 502 c 
728 ab 897a 
714 b 780 b 

799 ab 94e a 

802 a 893 a 

726 ab 880 a 

282 a 305 a 
234ab 205 bc 
185 b 135 c 

210 ab 186 bc 

226 ab 258 ab 

288 a 250 ab 

aIrrigation levels range from well wntsred (1) to droughty (6). bThme equal split doses: broadcast and incorporated at 
planting, topdressed 25 DE and at Pl. CBroadcast and incorporated. 

source and application method, was partly due to 
lodging. 

The LSS system proved useful in assessing the 
effects of different N sources and application 
methods at varying moisture levels. The use of urea 

with properlydicyandiamide was comparable 

timed application of other N sources..00000-
Evaluation of nitrogen management for rize in 

rainfed environment using line source spinkler 

system (Agronomy and Soil ChemistrY). In the 
1982 trial, a LSS system was used to evaluate 
different N management practices in a puddled 
condition. A split plot design was used with the 
water management regime as main plot and three 
N rates as subplots using prilled urea (PU) and urea 
supergranule (USG) as N sources. Six water 

management regimes were oriented perpendicular 
to the sprinkler line with the farthest water regime 
receiving the least water. Plots closest to the line 
were continuously flooded uwtil maturity. Two 
weeks after seedling establishment, flood irrigation 
was switched to the sprinkler system and continued 
for 23 d with a 4-d irrigation interval. After the 
sprinkler irrigation period, the whole field was 
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32. Effect of the amount of water applied on LWP of IR52. 
Average of three replications, two N rates, and eight diurnal 

measurements. IRRI, 1982. 

reflooded and maintained until harvest. 
Figure 32 shows the effect of decreasing water 

supply on the plant water status during stress. On 
the last day of stress (day 23 of line source), the 
LWP, average of two N rates and eight diurnal 
measurements, showed a direct relationship with 
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33. Effect of the amount of water applied on LER of 1R52 

fertilized with PU. Average of five replications. IRRI, 1982. 
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34. Effect of the amount of water applied on IR52 dry weight 

when fertilized with PU. Average of five replications. IRRI, 

1982. 

the amount of water applied by LSS. The LWP 

values were 0.42 MPa higher in the continuously 

flooded plants than in those with the driest water 

regime. This indicated that stressed plants were 

suffering from internal moisture stress, although 

no symptoms were visible. This difference in plant 

water status was reflected in the leaf elongation rate 

(LER) (Fig. 33). The LER at all the N rates used 

showed an increasing trend with water manage-

R2= 0.93** 2 + 38.59 /W-' Y =224.17-6.617WA + 2.238N + 0.0248WA

20 0 

100, 

li (MMr)15150 0 

35. Response surface showing the combined effects of water 
applied and N rates on yield of IR52 fertilized with PU. IRRI, 

1982. 

2 
+ 2.235N + 0.02491WA + 39.02 W€

Y" = 243.35 -6.663WA 

R2 : 093 

500 

0300 

I 2 0 0 

"54
 
100 

(125 05'~~abDIed 

showing the combined effects of water
36. Response surface 
applied andN rates on yield of IR52 fertilized with USG. IRRI, 

1982. 

ment regime. However, responses to N rates were 

similar at the drier water regimes. Plant dry weight 

accumulation showed the same trend (Fig. 34). 

These results night be due to the restricted move

ment of N in the root zone where water availability 

was low. They agree with other findings that N 

addition does not alleviate the effects of moisture 

stress on plant growth. 
Theeffects ongrain yield after reflooding in both 

PU- and USG-fertilized plots are in Figures 35 and 
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36. Logazithmic respoises of grain yield to water during the vegetative period. Ne significant differ
was noted for both forms of urea. N addition ence in effect was detected between PU and USG. 
contributed significantly to the yield increase. The The similarity in yield response of rice to the two 
lowest predicted yield at all N rates occurred in forms of ,-ta was attributed to the deep PU 
plots that had undergone wetting and drying incorporation. 
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SCREENING 	 salt tolerance (IR9884-54-3 and IR 10198-66-2) and 

IR42, IR44, and IR54 had mean yields of 3-3.5Soil Chemistry Department 
t/ha. IR5657-33-2 although not specifically bred 
for salt tolerance gave the same mean yield.In 1982, more than 15,000 (about 2,000 from 

Twelve rices were tested in a farmer's fieid ininternational nurseries) rices were screened. More 
Bohol (EC, II to 2 dS/m). IR9884-54-3, 1R54,than 2,800 rices were found tobetolerantofone or 


more of nine adverse soil conditions (Table ). IR9846-215-3, and IR52 yielded 3.3-3.7 t/ba.
1 
Alkalinity. Mass screening. Thirty-eight of 1,009Salinity. Mass screening. Of the 11,912 entries 

rices screened in the greenhouse showed tolerance.screened at the greenhouse, 2,445 showed tolerance, 
and IR9752-Outstanding entries included R44, IR46, 10 IR IR36, IR8192-200-3, IR9129-209-2, 


lines that had been consistently rated tolerant; 22 71-3 were outstanding.
 

from the world collection; and five hybrids from In the field, 180 entries were tested in a soil made
 

the salt tolerance breeding program. alkaline by the addition of sodium carbonate.
 

In a field, with an electrical conductivity of the IR9217-58-2, IR13423-10-2, 1RI3525-43-2, 

saturation extract (EC) of 8 dS/ m, the outstanding IRi3540-56-3, and IR17494-32-1 were the best 

entries included IR50, IR52, IR54, IR56, IR 19670- lines. 

263-J, IR19735-5-2, IR18348-51-2, and IR19670- Concrete-bed tests, On an artificial sodic soil 

203-2. Forty percent oftheentries tested were rated (pH 8.6), 1R36, IR46, IR2307-247-2, IR8192-31-2, 

tolerant. and IR9764-45-2 did well. In a saline sodic soil, 

IRSATON. IR36, IR2307-247-2, IR2863-35-3, IR9764-45-2 was best. 

IR4422-6-2, IR4432-28-5, IR9217-58-2, IR9732- IRSA TON. The rices found tolerant previously 

119-3, IR9975-5-1, 1R10206-29-2, IR13426-19-2, and again in 1982 at IRRI were: IR36, IR4432-38

IR14632-23-3, and Nona Sail were as tolerant as 6, 1R2307-247-2, IR10781-143-2, and IR14632

the resistant check 1R9884-54-3. 22-3. 

Yield trials at IRRL Of 24 rices found tolerant in Yield trial at IRRI. On an artificial sodic soil 

(pH 8.5) in the WS, 7 of 22 rices rated tolerant inthe greenhouse, 12 yielded 2.2-3.1 t/ha in the field. 

IR8073-65-6 yielded highest. mass screening tests yielded 1.5 to 1.9 t/ha. These
 

Tests in farmers'fields. Fourteen rices were were IR38, IR46, IR52, IR4227-28-3, IR9224-22-2, 

tested in nine experiments at six locations in three IR9736-16-I, and IR9884-54-3. 

Luzon provinces during the 1982 DS and WS. The Yield trialin afarmer'sfield.Of 10 rices tested in 

salt source came from brackish rivers or sea an unamended alkali soil, IR46, IR4432-38-6, 

inundation. The EC trend was I to 12 dS/ m in the IR5657-33-2, IR9764-45-2, and IR9884-54-3 yielded 

DSand 16to3dS/intheWS. Two rices bred for from 2.2 to 2.8 t/ha compared with 1.0 t/ha for 

IR2307-247-2. 
Table 1. Summary of screening tests for adverse soils Acid sulfate soils. Mass screening. One hundred 

of 188 rices screened in the field at Burabod (pH
tolerance. IRRI, 1982. 

Rices (no.) 3.8, exchangeable sulfate 0.13%) and Balza (pH 
were tolerant;Tolerant 3.6, exchangeable sulfate 0.20%),Screened 

they included 1R36, IR52, 1R56, IR9828-41-2, 

Salinity 11 912 2445 IR13525-43-2, and IR19672-155-2.
 
Alkalinity 1 009 38 Yield trials infarm,-.'fields. Rices previously
 
Acid sulfate soil condition 188 100 

340 14 found tolerant in mass screening tests were eval-
Fe toxicity 
Peat soil 155 98 	 uated at two locations in Albay. In the DS, mean 

yields ranged from 4.3 to 4.8 t / ha. The top yieldersZn deficiency 656 47 

Pdeficiency 616 31
 

94 22 were IR13423-10-2 (5.8 t/ha) 	and 1R19431-72-2Btoxicity 
Aerobic soil (5.4 t/ha). 

Al or Mn toxicity 63 13 In the WS, acid symptoms were so severe that 

FeTdefi,iency 16 3 yields only ranged from 0.71 to 2.7 t/ha. Only 

2811 IR9752-71-3, IR13149-43-2, IR13423-17-1, and 
__Total 	 15049 
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IR56 yielded more than 2.0 t/ha. 
Iron toxicity. Fou-teen of 340 entries tested on 

an Fe-toxic soil from Malinao (pH 3.5, active Fe 

2.5%) in the greenhouse were rated tolerant. IR36 

and IR1974340-3 were outstanding entries during 

both the DS and WS. IR9729-,7-3, IR19743-3-2, 

IR25924-57-2, JR13149-19-I, B2149B-PN-26-1-1, 
IR4683-54-2, and IR42 were also tolerant. 

Peat soil. Mass screening. One hundred and 

fity-five rices were fcreened on a peat soil (pH5.4, 

organic carbon 16.4%, available Zn 0.1 mg/kg) 

where Zn stress was eliminated by ZnO root dip. 

IR3880-29, iRI9058-107-l,and IR21015-80-3 were 

tolerant. 
Concrete-bed tests. IR34 and IR8192-31-2 per-

formed best in the DS. In the WS, IR9764-45-2 did 

as well. 
Yield trials in farmers'fields. Fifteen cultivars 

were evaluated in two peat soils in Laguna with a 

basal application of 50-25-50 kg (N,P,K)/ha and 

with ZnO root dip treatment. At both locations, 

IR19743-40-3 w-is the consistent low yielder 

(1.9 t/ha); IR42 and IP8192-31-2 were the con-

sistent high yielders (3.7 and 3.1 t/ha, respectively), 
Zinc deficiency. Mass screening. The Zn defi-

ciency tolerance of 656 rices was tested on a 

farmer's field (pH7.0, available Zn 0.05 mg/kg) in 

Laguna Province. 1R20, IR22,IR50,IR9752-71-3, 
and IR13419-113-I were among the 47 tolerant 
rices. 

Concrete-bed tests. IR34, IR46, IR9754-45-2, 

and IR8192-31-2 were the best of eight selected 
rices on a Zn-deficient soil (pH8.1,available Zn 0. 

mg/kg) in concrete beds. 

Yield trialsat Jarmers'field. Thirty rices were 

tested on three sites inthe 1982 DS.Without Zn 

amendment, IR34, IR42, 1R52, and IR9764-45-2 

consistently yielded 2.8-3.8 t/ha at Laguna and 


Quezon. At South Cotabato, only 13 of 28 rices 

survived; they included IR34, IR52, and IR15813-

504-2 with yields of 1-1.2 t/ha. Yield response 

among varieties to a 4% ZnO dip at the three sites 
ranged from 0 to 4.0 t/ha. 

In the WS, 17 rices were tested in four Zn-

deficient farmer0fields. IR34 and 1R9764-45-2 had 

the highest mean yields (2.5 and 2.8 t/ha, respec-


tively).Of 15 rices tested at two sites in Gen. Santos 
yield (1.7City, JR 13149-19-1 had the highest mean 


sites, response to Zn 
application

At all
t/ ha). 

ranged from slightly negative for the tolerant rices 
to 2.6 t/ ha for the susceptible ones. 

Phosphorus deficiency. Mass screening.Thirty

one of 616 rices screened in the greenhouse in 

culture solution were rated efficient P users. They 

included IR5,1R32, 1R40, 1R42, 1R56, two IR25588 

lines, two PR 174-13 lines, and three 32-Xuan fines. 

Yield trialsin afarmner'sfield. During the 1982 

DS and WS, 30 IR rices were tested on a P
' 

deficient Ultisol (pH 4.4, Olsen P 1.2 mg/kg). he 

DS yields confirmed the P utilization efficiency of 

IR26, IR34,1R40, IR42, IR44, IR46, IR48, IR50, 
IR52, and IR54 and identified 12 IR lines and 

B3895-C- I I as promising with yields ranging from 

4.3 to 6.6 t/ha. 
In the WS, the 10 JR cultivars and the promising 

lines had mean yields of 3.5 t/ha. 
Cropmaturity. Absence of P fertilization delayed 

matuity by as many as 16 d (Table 2). All the 

susccptible varieties, except one, had short duration 

(118 d) and the efficient P users had medium 

duration (130 d). 
Boron toxicity. Mass screening. Ninety-four 

rices were tested in the greenhouse on a soil treated 

with 10 mg B/kg as boric acid. IR8192-200-3 and 

IR13423-17-1 led the 22 most tolerant lines. 

Table 2. Growth duratiott of some IRvarietios or line on 
aP.deficientsoll. 1982 DS. 

Variet Growth duration (d) 

25 kg P/a NoP 

Resistant 1471R26 142 147131IR26 

IR46 120 140 
IR48 140131 135 
IR54 128 140131IR9129-209-2 

IR9763-11-2 128 147 
1R9764-45-2 138 147 
IR21526-37-2 138 147 
IR21734-16-3 124 140 

Susceptible
 
IR36 118 133 

128IR5982.7-6 118 
IR6115-1-1 138 145 

130IR7790-18-12 118 
IR8608-189-22 118 133 
IR13427-40-2 118 124 

118 128IR19139-8-2IR20985-35-2 118 124 
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IR13427-40-2 and 1R17488-2-3 were the most 
susceptible. 

In the field, the best entries '.,ere IR3839-1, 
IR9729-67-3, IR13423-17-1, IR13429-107-2, 
IR19660-131-3, and IR21912-131-3. 

Yield trialsat JRRI. During 1982 DS and WS, 
50 rices were evaluated on a soil treated with 10 mg 
B/kg as borax. IR9129-209-2, IR9217-58-2, 
IR9764-45-2, IR9884-54-3, IR13423-10-2, and 
IR 13426-19-2 had no foliar symptoms and yielded 
more than 3.5 t/ha in both seasons. IR42, IR46, 
IR48, IR50, and IR54 consistently displayed 
greater tolerance than the IR varieties named 
before 1976. 

Aerobic soils. The main growth-limiting factors 
are Al and Mn toxicities in acid soi!s and Fe 
deficiency in both acid and neutral soils. 

Massscreening.Thirteen of 63 rices tested in an 
Ultisol (pH 3.8) in Albay were tolerant. They 
included IR56, IR 1561-228-3, IR5931-110-1, Azu
cena, and five dryland varieties from Nigeria. 

Concrete-bedtests. IR43, IR3839-1, and IR 1754-
F5B-22 perforlmed well on aerobic soils that ranged 
from strongly acid (pH 3.8) to alkaline (oH 7.9). 

Yield trial in a farmer'sfield. Twelve dryland 
varieties earlier found tolerant of Al and Mn 
toxicities were yield tested in farmers' fields (pH 3.9 
and 4.8) in Laguna. In the DS, IR9995-76-2, 
IR8608-3-2, IR10206-29-2, IR9101-37-1, and 
IR6115-1-1 yielded best (4.5 to 5.1 t/ha) in the pH 
3.9soil; IR6115-1-1, IR9101-37-1, IR9560-6-3,and 

Relative growth (O) 

100
 

so-

80 - "- NonaBokra 


R28 
60 

\ ".•. 
"0*'** 

20 - Pokkol" 

0-
05 	 1.0 15 20 25 30 

NoCl (%) 

I. EffectofNaClongrowthofcallusculturesderivedfromthree 
rices. IRRI, 1982. 
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IRi 1297-170-3 performed best in the pH 4.8 soil. 
In the WS, IR6115-i-i and IR9995-76-2 did best at 
both pH levels. 

MULIIPLE-STRESS TOLERANCE 
Soil Chemistr, Department 

Jn 1982, the following varieties or lines with 
multiple stress tolerance in greenhouse and field 
tests were outstanding: 

P IR36, for its tolerance for salinity, alkalinity, 
acid sulfate soils, and dryland soils. Except f.-
P deficiency, IR36 has repeatedly shown its 
wide range of tolerance. 

0 	IR46, for its tolerance for salinity, alkalinity, 
and acid sulfate soils. 

• 	 IR9764-45-2-2, for tolerance forsalinity, alka
linity, peat soils, P deficiency, Zn deficiency, 
and B toxicity. 

PHYSIOLOGICAL STUDIES OF SALT TOLERANCE 

Plant Physiology Department 

Varietal difference in salt tolerance at the cellular 
level. A rational approach to breeding salt-tolerant 
rice varieties re;.,uires an understanding of the 
physiological mechanisms that allow rice to toler
ate salinity. At present, two mechanisms appear to 
exist for salt tolerance of nonhalophytes: tissue 
tolerance and low accumulation. 

To determine if these mechanisms operate in 
rice, the salt tolerances of calluses derived from 
Pokkali and Nona Bokra, salt-tolerant varieties, 

and IR28, a susceptible variety, were compared. At 
the callus level, the salt tolerance of Nona Bokra is 
much greater than that of Pokkali and IR28 

(Fig. I). Surprisingly, the salt tolerance of Pokkali 
was found to be as low as that of IR28 at the 
cellular level. In a separate experiment with the 
same varieties, Pokkali was found to be a slow Na 
accumulator. Nona Bokra appeared to tolerate 
high salinity by regulating the rate of salt uptake 
and by high tissue tolerance. It is evident that both 

tolerance mechanisms operate in rice. 
Varietal difference in rate of absorption of 

sodium and chloride. Short-term experiment. To 
determine if rice's tolerance for salinity relates to 

low accumulation of salts in the shoot, Pokkali, 
Nona Bokra, and IR28 were compared for their Na 



Table 3. Na and Cl contents in Pokkali, None Bokra, and IR28 seedlings grown In culture solution with NaCl. IRRI, 

1982. 

50 mM NaCI 125 mM NaCI 

Hours after Na content C1content Na content CI content 
Variety salinization (mol/g) (jumol/g) (/jmol/g) (Amol/g) 

RootShoot Root Shoot Root Shoot Root Shoot 

16 70 296 144 14 61 285 152Pokkali 0 
6 27 152 273 130 39 287 330 239
 

72 113 283 463 296 161 448 490 301
 

Nona Bokra 0 16 57 268 127 13 61 259 130 

6 27 204 276 141 39 270 315 220 

72 113 352 432 290 222 509 515 338 

65 172 115 11 65 144 118
 

6 33 230 186 169 67 335 254 321
 

72 183 357 490 363 396 643 670 431
 

IR28 0 13 


and Cl absorption. Twenty-one-day -old seedlings periment), but it held an equimolar relationship 

were salinized in culture solution with 50 mM and when the concentrations were high (long-term 

125 mM NaCI, and sampled 0, 6, 9, and 72 h after experiment). Thus, both Na and Cl are accumulated 

were chosen to in shoots when salt injury becomes apparent. Bothsalinization. The short periods 
study ion absorption by the plants before the the short-term and long-term experiments indicate 

excess salt caused any visible damage. Na and CI in that Pokkali is a slow accumulator and 1R28 is a 

plant tissue were extracted into wa'er and analyzed fast accumulator. 
with the ion electrode. Na content was much higher 
in the roots than in the shoots. However, varietal ALUMINUM TOXICITY TOLERANCE AT LOW 

ALUMINUM CONCENTRATIONSdifferences in Na content were more pronounced in 

shoots than in roots (Table 3). Salt-susceptible Plant Physiology' Department 
IR28 accumulated more Na in shoots than tolerant. .

vIeties The te dore rom oleran- Screening rice cultivars for Al toxicity tolerance isac c n ifnt Nhavarieties. Tihe CI content, different from Na con- usaldoebsltinctresng3 pA.
 

tent, was higher in shoots than in roots. Varietal usually done by solution culture using 30 ppm Al.
 
difference in the CI content of shoots and roots was
 
clear only at 125 mM NaCI. No content of shoot (rtol/g)
 

This experiment indicates that salt tolerance of 25 

the two tolerant varieties is associated with the 
ability to prevent Na and Cl accumulation in the 20- IR28 4 , ' t.,""
shoots. 

Long-term experiment. In a study, for a much 1.5
longer period, of varietal difference in the iate of 
Na and Cl absorption, 8-d-old seedlings of Pokkali 
and IR28 were grown in culture solution salinized 10

with 125 mM NaCI until all the leaves were almost 

dead. As shown in Figure 2, 1R28 accumulated Na 05 Allgen leaes dead 

much faster than Pokkali. Consequently, IR28 
seedlings died II d after salinization and Pokkali 0 _ _ ___ 1 ____ ___ 

3 5 7 9 11 13 17 23survived for 29 d. Na accumulation was accompa-
Dys otter soliniztion

nied by Cl accumulation (Fig. 3). Na and Cl 

absorption was not chemically paired when con- 2. Na uptake by IR28 and Pokkali from cL..ure solution 

centrations of these ions were low (short-term ex- salinized at 125 mM NaCI. IRRI, 1982. 
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CI ent in shoot (rno/g) 
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1.0 Equimnotar tine 
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No content in shoot (mmol/g) 

3. Relationship between Na and Cl contents in rice shoots. 

IRRI: 1982. 

In soil solution, 5 ppm Al or even lower concentra-

tions can be toxic to rice. Thus, it is important to 

know if differences in aluminum toxicity tolerance 

among varieties screened at 30 ppm Al remain the 

same at lower Al concentrations, 
Nineteen varieties were examir .d for Al toxicity 

tolerance at 5, 10, and 30 ppm Al. At 5and 10 ppm 

Al, concentrations of Ca, Mg, and P were main-

tained at one-tenth the standard solution to 

simulate the soil solution of acid dryland soils. Al 

toxicity tolerance at 5 ppm Al was closely correlated 

with that at 30 ppm (Fig. 4). A similar relationship 

Relative root length at 30 ppm Al 
1.2 

1.0

•Q8 

F6
 
00 

Y 1.46X-0.2104- r 0.847** 

02. 

0 I . I I I I I I 

01 02 03 0,4 05 06 07 08 09 10 
Relative root length at 5 ppmAl 

4. Relationship between Al toxicity tolerance values screened at 

low and high Al in culture solution. IRRI, 1982. 

was also obtained for 10 ppm Al. Either 5 or 10 

ppm A combined with a low salt concentration or 

30 ppm Al in the standard culture solution can be 

u:,ed to screen rice cultivars for Al toxicity toler

ance. Tolerant varieties screened at 5 ppm Al were 

MI-48, OS4, Monolaya, IAC 3, E425, Moro

berekan, Palawan, Khao Lo, Amarelao, and 20 A; 

the susceptible varieties were IR8, IR45, IR20, and 

Cica 4. 
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SCREENING FOR SUBMERGENCE TOLERANCE 

Plant Physiology Department 

A total of 2,855 entries were screened for sub-
inergence tolerance. Of 850 test entries from the 
germplasm collection, 18 were comparable to the 
resistant checks FRl 3A and Nam Sagui 19 (Table 
i). Urarkaruppan, an entry from India, showed 
good submergenze tolerance in tests done in 
artificial facilities. In continuous darkness for 7 d, 
Urarkaruppan showed better performance than 
the other entries. 

In Thailand, after continuous exposure to dark-
ness for 10 d, 40-d-old seedlings of the submer-
gence-tolerant FRI3A survived while submer-
gence-susceptible Khao Dawk Mali 105 died. The 
findings may have implications for future screening 
for submergence tolerance. 

DIAGNOSING FARM ERS' )EEPWATER PROBLEMS 

Plant Breeding, Multiple Cropping, and Rice 

Production Trainingand Research Departments 

In the Philippines, many areas are flooded during 
the WS. 

Farmers were provided with rice samples repre-

senting different strategies for deepwater survival 
to: 

e diagnose the type of flooding from the variety 
reaction, and 

0 show farmers that varieties may exist to cope 
with their particular problems. 

The 'diagnostic sets' contained 8-10 varieties 
representing the following key types of deepwater 
tolerance: 

• No tolerance: modern variety (RD9) 
a Slight tolerance: tall traditional Khao Dawk 

Mali 105 (KDML). 
9 Elongation ability up to 100 cm: modern 

deepwater variety (RDI9). 
a 	Slight submergence tolerance: modern variety 

with some submergence tolerance (IR8234
OT-9-2). 

0 Strong submergence tolerance: tall submer
gence-tolerant traditional variety (FRI 3A). 

* Elongation ability up to 300 cm: Thai floating 
rice (Pin Gaew 56). 

Fast emergence from flood: Bangladesh float
ing rice (Baisbish). 

Sets were planted at five sites. Table 2 indicates 
the best surviving varieties in relation to survival 
strategy and flood characteristics. 

e 

Table 1. Outstanding submergence-tolorant varieties screened from 850 germplasm 3ank entries. I RRI 1982. 

Acc. no. Variety 

28045 
28058 

Munji Sufaid 78 
Mushkan Chahi 87 

28060 Mushkan 4 
28074 Mtushkan 312-2 
28098 P580 
28151 P607 
28250 Sathra 348 
28307 TALK 
28311 TIRI 219 
20347 17 
28375 40 
28616 Urarkaruppan 
28753 Padi Dari 
28879 Aus 16 
28167 P731 
28249 Sathra 343 

FR13A (check) 
NS 19 (check) 
IR42 (check) 
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Origin 

Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
Pakistan 
India 
Malaysia 
Bangladesh 
Pakistan 
Pakistan 

Survival (%) 

Greenhouse orGrGreenhouseaor
1darkroomGr(enhous Dr(10d (7 d) (8 d) 

56 85 0
 
41 80 0
 
55 85 0
 
42 75 0
 
42 85 0
 
51 80 0
 
44 70 0
 
41 75 0
 
60 55 0
 
50 15 0
 
49 30 0
 
56 70 10
 
73 55 0
 
50 75 0
 
38 50 0
 
33 70 0
 

63 85 
40 100 
11 0 



Table 2. But surviving varieties at various sites, in relation to survival ptratey and flood characteristice. Philippines, 
1982. 

Type of tolerance' 

Site 
MV Tell MV+Long MV+Sub Tall+Sub Floating Floating+ Flood Max 

fast emerg duration(d) depth (cm) 

Solana 4 4 FR13A * ±7 150 
San Clamente t KDML IR8234 FR13A Baisbish 3 136 
Victcria 0 FR13A * Balsbish 5 150 
Sibuguey I * KDML IR8234 FR13A * Baisbish 5 138 
Sibuuey 11 t t t t FR13A t t. 9 188 

&MV = modem variety - tolerance; Tall = tall traditional variety - slight tolerance; MV+Long - modem variety with 
some submergence tolerance; MV+Sub = tall submergence-tolerant traditional variety; Floating = elongation ability up 
to 300 cm; Floating+fast emerg - fast emergence from flood. t - Completely destroyed; Some survival, but - ry 
inferior to varieties named. 

All flooding types in this sample can be charac-
terized as flash flooding given the good perfor- 
mance of FRI3A and the poor showing of the 
floating rices and the elongating dwarfs. All types 
clearly did not favor the use of MVs without 
submergence tolerance. 

In the milder floods, the floating rice Baisbish 
performed well even though it is not known for 
flash-flood tolerance. Where FRI A survived 
under water, Baisbish tended to maintain its 
canopy above the water at all times. 

These experiments have helped focus future 
trials mainly on submergence-tolerant entries and 
Baisbish derivatives. Also, a good deal of interest in 
dcepwater rice has been aroused among farmers 
and local officials. 

DEEPWATER RICE IN THAILAND 

Project 

Breeding work. In Thailand, SPR7270-18 and 
SPR7233-32-1-6- , crosses of C4-63, a high quality 
rice, with the floating rice varieties Khao Nahng 
Nuey and Leb Mue Nahng Ill, respectively, are 
being evaluated as possibie alternatives to RD 19. 

Production from early lines harvested before 
flooding. On the Central Plain of Thailand, rain 
usually starts in April, but in some parts floodwater 

does not begin to rise until mid-August. In areas 
without irrigation water, it may be possible to 
produce a crop from very early rice varieties and 

still establish the deepwater rice crop. Twelve 
promising materials were dry-seeded on 26 Apr. 

Rainfall was well distributed. The field was flat and 
bunded so there was no surface runoff. Several 
lines matured within 97 DE, and yields were as high 
at 3 t/ ha for I1RI5429-268-1-2-1; four other IRRI 
lines yielded from 2.5 to 2.9 t/ha. RD25 gave 2.4 
t/ha. IR36and IR52, with 110-and 118-d maturity, 
were too late, but yielded 1.99 and 1.45 t/ha. 

Crop cuts in deepwater rice. Average yields of 
deepwater rice are low. Potential production and 
the yield variation between locations are being 
studied. Thirty farmers' fields were sampled in a 
transect across the southern Central Plain of 
Thailand. Soil type greatly influenced production: 
yields were as high as 3.6 t/ ha in the west, but down 
to an average of 1.0 t/ ha on acid soils of the Eastern 
Plain where R RSV was severe. There were marked 
varietal differences, and several farmers' varieties 
were collected for testing. 

Prototype development combining elongation
abillty with flash-flood tolerance. In general, sub
mergence-tolerant rice varieties are either tolerant 

of flash floods for a short duration or can elongate 

Water deplh (cm) 
300 

200

100 
0 III ,111 
0 1o 20 30 40 50 60 

Days after transplanting 

I. Two flood types are simulated in succession to screen lines 

adapted to both. IRRI, 1982. 
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Table 3. Results of selection to combine submergence 
tolerance with elongation ability. IRRI, 1982. 

Lines (no.) 
Cross 

Tested and submergence 
tolerant 

BKNFR78019 
BKN6988-52.1/FR13A 

DWCT134/FR13A 

15 6 

BKN FR78023 
DWCT156/FR13A 
BKNFR78025a 
SPR7297-405/FR13A 

BKNFR78026 
HTAFR77022/FR13A 

BKNFR78057 
B922C-MR-91-4/FR13A 

HTAFR780109BKN6986-108-3/FR13A 

9 

27 

15 

7 

9 

17 

0 

3 

4 

HTAFR79060 1 1 
KLG6986-161/FR13A 

alncluding its reciprocal, BKNFR78049. 

their stems in slowly rising water. However, in 
many areas, elongation ability is needed at one 

growth stage and flash flood tolerance at another. 
Starting in 1980, F2 hybrid populations of 

crosses between FRI3A, a source of outstanding 
submergence tolerance, and several breeding fines 

with elongation ability were tested. 
In 1982, 91 F4 lines of eight crosses that had 

passed two generations of testing for both elon

gation ability and submergence tolerance were 

placed in a deepwater tank. They were subjected to 
a standard submergence test at 45 DAS (10 DT). 
The 110-cm flood was kept for 10 d then drained. 

After 10 d recovery, surviving plants were 
treated with 5-cm daily increments of rising water 
until the level reached 110 cm. The hydrograph is in 
Figure 1. 

Surviving lines (Table 3)were harvested and will 
be further selected for good plant type. 
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NEW VARIETIES 

Several entries from the International Rice Cold 

Tolerance Nursery (IRCTN) have been released as 

new varieties or are being tested in farmers' fields in 
countries participating in the IRTP. 

1977Nepal. Two varieties selected from the 

IRCTN - Kanchan from IR3941-4-PLPB and 
Himali from IR2298-PLPB-3-2-l-l B- have been 
released. Another IRCTN entry, K39-96-1-1-1-2, is 

being tried in farmers' fields. 
Cameroon. Seeds of IR1846-296-3, HPU741, 

and Kulu have been distributed to farmers for trial. 

Upper Volta. Calrose 76 and Fujisaka 5, selected 
from IRCTN lines, are now recommended. 

Larnoo, India. Several lines from the cross K312 
(Kuch/IR1846-308-1) were outstanding. IR1846-
308-1 was an IRCTN entry from 1975 to 1979.Several crosses with the native varieties were made 
Singrathises withline aoe otes pre mane 
using this IR1846 line as one of the parents. An 
outstanding selection from K312 will most likely be 
named a variety. 

Himachal Pradesh, India. Two IRCTN entries, 
HPU734 and HPU71, were named Himalaya I 
and Himalaya 2.

Kashmir, India. K39-96, a cross of China 1039 

with IR580, will be released as a variety. 

KOREA-I RRI COLLABORATIVE PROJECT 

Rapid generation udvance for cold tolerance. In 

Chuncheon, 57 RGA bulk populations were 

planted in 1982, compared with 19 in 1981 and 23 

in 1980. The same populations were also planted at 

Jinbu, Unbong, and Yungduk, Korea, for evalua-

tion. Jinbu and Unbong are both high-elevation 

stations; Yungduk is near the east coast of Korea 

and is affected by cold and wet sea winds during the 

early growth stages and dry winds from the west 

during flowering, 
A large number of plants were selected from the 

RGA bulk materials planted at Chuncheon, Un-

bong, Jinbu, and Yungduk. The selected plants will 

be tested in the IRCTN. 
Screening for tolerance for low air temperature 

during the reproductive stage. The outstanding 

IRCTN entries that flowered between 17 and 23 

Aug, when the average temperature was 18.60C, 

are listed in Table I. In spite of the low air 
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Tablo 1. Best entries from plants that flowered between 

17 and 23 Aug (average minimum temporature 18.60C). 

Chuncheon, Korea, 1982. 

Heading date Fertility 

Designation (Aug) %) 

Ching-Hsi 15 
IR19746-28-2-2-3 
K434 

17 
21 
21 

95 
95 
94 

Shoa-Nan-Tsan 21 93 

YR1641-GH59-1 
IR18476-55-2 
IR20910-B-67 

21 
22 
23 

91 
93 
96 

temperature, several entries had high spikelet 
fertility. 

IRi8476-55-2 had nigh fertility even at late 
planting. It had high fertility n alate 
planting. It had high fertility in the cold-waterscreening nursery and tolerance for both low air 

and low water temperatures. There is no correlation 
between spikelet fertility in plants grown in low 
water temperatures and plants grown in low air 
temperatures. 

Rice cold tolerace screening nursery. The most 
serious problem resulting from low temperatures 

at meiosis and heading is high sterility.atmissndhdngshghtelty
Several IR lines had high spikelet fertility even at 

170 C water temperature. In 1982 there were many 

good lines coming from RGA. IR20656-R-R-R

1-3 (97% fertility) and SR4095-14-3-1-4 (98% 
fertility) were especially outstanding. 

Leaf yellowing, one of the earliest symptorns of 

cold-temperature damage in rice during the ve, ta

tive stage, can occur at any growth stage. Thirty 

percent of the 1,103 plants screened had a discolor

ation score of 3 (on a scale of 1-9), similar to that of 

the resistant check. One entry, Wasetoramochi, 

had a score of I. Entries selected in Banaue had 

very poor discoloration scores. Most of the entries 

selected in the experiment stations in Korea, except 

those from Honam, had relatively good tolerance 

for leaf discoloration. Entries from the IRCTN 

generally had good discoloration scores. 
Several entries in the I RCTN had a high number 

of spikelets per panicle (Table 2). Most of the 

entries came from Himachal Pradesh (HPU), 

Kashmir (K), and Bulgaria (B) where there seems 

to be a preference for large panicles: 
Observational yield trial. The OYT has shown 

the advances made in crosses at IRRI and selected 



Table 2. Entries with Irge panicles in the late IRCTN 

planting. Chuncheon, Korea, 1962. 

Designation Spikelets (no./panicle) 

162B298B-SR-85-3-2-4 
173 

HPU5039-PLP13-6-6 
H115-20-1-1 

187 
HPUS070-NAG-3-5-3 174 
HPU5101-NAG-1-2 187 

176IR13155-4-1 
190IR15889-113-3 
176 

Jubilleni 
IR22623-R-R-4-3 

160 
K39-96-3-1-1-1-2 173 
K315 161 
K436 156 
Komsomolski 195 

Lieto 
 183 
PVT-32/E 165 
Salvra 163 

in cooperation with other countries. The number 
of IRRI entries (22 of 80) greatly increased in the 
1982 OYT. Ten of these were included in the best 
15 entries (yields higher than 6.5 t/ha) (Table 3). 

The highest yielder, IR8455-K2, was selected in 
Kashmir, India. Similarly, IR9758-K2 and 
IR9224-KI were also Kashmir selections. The 

from selections 	 in theother IRRI lines came 

IRCTN in Korea. IR9202-6-1-1, IR7167-33-2-3-

3-1, and IR7167-33 were also high yielders in the 
previous OYT. 

The poor yields 	of some of the entries were 

mainly due to low spikelet fertility caused by neck 

blast infection. Lodging occurred in 16% of the 

entries. 
In general, the entries had good seedling vigor, 

well-exserted panicles, and high fertility. 
Nitrogen response of elite varieties and lines 

under low water temperature at vegetative stage. 
Rice varieties respond differently to N fertilizer. 
The optimum N level for maximum grain yields 
has been shown to differ among varieties. 

In selecting lines to be tested at different low
temperature rice-growing areas, two N levels may 
be necessary. High N levels (>150 kg/ ha) are used 

in areas like Korea, Japan, and China. However, 
low N levels (<100 kg/ha)are generally used in the 
hill areas of India, Nepal, Indonesia, and Philip-

pines. 
The grain yield response to different N levels 

showed two types, one in which the maximum N 

Table 3. High.yielding entries in the OYT. Chuncieon, 

Korea, 1982. 

Designation 	 Grain yield (t/ha) 

8.A1R8455-K2 
78Suweon 287 
7AIR5716-18-1 
7.1 

1R8608-2983-1-1-2 
IR9129-136-2-2-1-2 

7.1 
7.1IR9758-K2 

IR9224-K1 6.9 
6.9IR9202-6-1-1 
6.7 

SR5204-39-2-1 
IR7167-33-2-34--1 

6.7 
6.6 

SR4131-19-3-1 
IR1315560-3-1-2-1 

6.6 
Hokuriku 109 6.5 

6.5 
SR5204-39-5-3 
IR7167-33 

6.5 

level isprobably beyond 200 kg N/ha and the other 
in which the optimum N levelis about 100 kgN/ha 
(Fig. 1). 

IR7167-33-2-3, IR9202-10-2, and China 988 
showed consistently high yields regardless of N 
level. IR7167-33-2-3 had the highest yield (8.4 t/ ha) 

Yield (t/ho) 
9 

IR7167-33-2-3I 	 I"SR5204-91-4-1 
> -, 

* C,98IR92o2-10-2-1 
287Suweon 	 

IR15924-265-3 

S... 264 

i 
6 / 

S 222 

/ 	 Hw=hoedo 

0. 
0 	 5o 100 200 0 50 100 200 

Nlevel (kg N/ho ) 

1.Grain yield response to different N levels. Chuncheon, Korea, 

1982. 
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Yieldit/ho) 

9.0 

8.0 

.0 

67.0 

6.0 	 1 

4.0.3 

13 15 1 7 9 11 1315 
Total drymatter(t/ho) 

H1< 5.0 HI 50-5.5 H1>5.5 

9111315179 11 

2. Relationship between total dry matter and grain yield at 

different harvest indices (HI). Chuncheon, Korea, 1982. 

although several lines had yields oniy slightly 
lower. 

Generally, the entries with high yields at low N 
levels also 	 yielded high at high N levels. It is 

possible, however, that at higher N levels (>200 kg 
N/ha), the 	present high yielders (IR7167-33-2-3 
and IR9202-10-2-1) will not yield any higher 
because of sterility and lodging and the shorter 
statured varieties (SR5204-91-4-I and Suweon 
287) would produce yields higher than 8 t/ ha. 

It is possible that the sho:ter statured rices can 
stand higher N levels and yield higher although 
they give comparatively lower yields at low N 
levels. This 	would indicate a different selection 
criteria for areas using high vs low N levels, 

Farmers from many hill rice areas of India and 
Nepal apply relatively low levels of N fertilizer. In 
such areas, varieties such as China 988 that have 
relatively high yields at lowN levels should be used. 

There is an optimum N level for different 
varieties and 	it should be determined to make the 
use of N fertilizer profitable. 

With the entries grouped into three on the basis 
of harvest index (HI), the highest grain yields were 
obtained at HIs of 5.0 to 5.5 and not at >5.5 (Fig. 
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Yield t/ha) 

9H>5.0_<5.5 

y : 04553 + 0 461X 

8 	 H>5.5 / 
y 0.6241 X- 0.5148 S 

47 	 f 

6 	 #- , 

4 - HI ,5.0 
y 0.7782 + 0.4204X 

2 

1 

0 _Hi I I I 

4.0 6.0 80 10.0 120 140 160 

Total dry weight (I/ho) 

lines for grain 	 yield and total dry matter at
3. Regression 

different harvest indices. Chuncheon, Korea, 1982.
 

2). Yields 	 were also relatively high at <5.0. 
Although the higher His should -ncrease yield 
potential more efficiently, results of tests using 
available varieties and N levels showed that high 
yields came from plants with HIs less than 5.5. 

At lower yields (3.5-4.0 t/ ha), differences in HIs 
between 4.5 and 5.5 do Pot seem important (Fig. 3). 
The regression line even suggests that lower or 
nonsignificant yield differences will be obtained at 
low total dry matter weight at harvest (2-4 t/ ha). At 
poor management levels or poor soil fertility, HI 
differences may not be important. 

An H I >5.5 will give higher yields at a given total 
dry matter above 8 t/ ha than a lower HI. However, 
higher yields at HI >5.5 may be more difficult to 
obtain in present varieties. 

A high and low N level should be used in 
screening N-response varieties for temperate areas 
such as Korea, where farmers use high Nlevels, and 
for high-aiitude areas such as Kashmir, India, 
where low N levels are used. 
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TISSUE CULTURE 

Plant Physiology Department 

Somaclonal variation in visible traits. The tissue 
culture cycle itself generates a wide range of 
variability in various traits of rice. To study the 
frequencies of varieties in visible traits, plants were 
regenerated from calluses of Taichung 65 that had 
been grown up to the third passage. 

Unusual traits in RI plants (first generation of 
the regenerate) included abnormal glumes (open 
spikelets, long glumes, and small and round 
glumes), awns, dwarfs, sterility, stripes, and tetra-
ploids. Tetraploids, high sterility, and other traits 
were recorded (Table I). Tetraploids in rice are 
characterized by somewhat stunted growth, fewer 
panicles, thicker and coarser leaves, thicker culms, 
poor panicle exsertion, larger grain size and awns, 
and high sterility (less than 50% fertility), 

About 15% of the RI plants had high sterility, 
caused partly by environmental factors. Tetraploid 
frequency was 3.4%, and obvious variations, such 
as stripes and abnormal glumes, were 0.9%. Some 
of the abnormal characters observed in RI plants, 
such as high sterility and dwarfness, might be due 

to chromosomal aberration. Occurrence of tetra-

Table 1. Observed variants of Taichung 65 in R1 plants. 

IRRI, 1982. 

Total <50% Tetra- Othersfertility ploid 

1.5% NaCI 
Callus lines 16 9 3 3 


(no.) 

RI plants 165 22 5 4 


(no.) 

1.0% NaCI 

Callus lines 35 10 5 1 

(no.) 


RI plants 201 18 19 1 

(no.) 


0%N&CI 
2
Callus lines 58 20 1 


(no.) 

R1 plants 201 18 19 1 


Totals 
Callus lines 109 39 (35.8) 9 (8.3) 6 (5.5) 


(no.) 

R 1 pl a n t s 7 42 10 8 (14 .6) 25 (3 A) 7 (0.9) 


(no.) 

aNumbers in parentheses are percentages of variants of 
the total callus lines or plants. 

120 IRRI ANNUAL REPORT FOR 1982
 

ploid plants is another indication of that type of 
variation. 

Plants originating from the same callus line 
varied in the expression of these characters (geno
type). In R2 plants, several kinds of chlorophyll 
mutants were observed at the seedling stage: 1) 
albino, 2)lethal yellow, 3)pal green, and 4) stripes. 
The pooled frequency of chlorophyll mutants 
measured for 1,259 lines was 8.8/ 100 R2 lines. This 
was as high as that obtained by irradiation, but 
lower than that induced by chemical mutagens. 
Table 2 summarizes frequencies of some visible 
traits, singly or in combination, in R2 lines of 
Taichung65. Morphological variations include the 
appearance of unusual glumes or grains, panicles, 
leaves, and tiller arrangement. Forty-six percent of 
the regenerates were considered normal and 54% 
were variants. Spikelet fertility of R2 plants ranged 
from 0 to almost 100%; the parent plants showed 
stable and high fertility (>90%). Among the six 
traits examined, sterility was most pronounced; it 
alone accounted for 18% of the total R2 lines and 

Table 2. Frequencies of variation in visible traits in R2 
plants of Taichung 65. IRRI, 1982. 

R2 
Variant traitsa lines Frequencyb 

(no.) 

Normal 238 45.6 

bl 16 3.1
 
ch 26 5.0
d 36 6.9 
m 19 3.63.6s 9 

s 96 18.3 
bl,d 3 08 
bl, m 5 1.0
 
ch, d 16 3.1
 
ch, 1 1 0.2
 
ch, m 1 0.2 
ch,s 7 1.3 
d,m 4 08 
d,s 24 4.6 
m, s 12 2.3 

1 0.2bl, ch, m 
1 0.2ch, d,m 

0.6ch, d, s 3 

ch, m,s 3 0.6 
d, m,s 5 1.0 
ch, d, m, s 4 0.8 

Total of 283 54.4 
variant traits 

- _ _ _ = br o w _ l e a _ sp o , _ _ _ =_c h oro p yl l _ ut at o n , _
 
8bl = brown leaf spot, ch = chlorophyll mutation, d =
 
dwarf, I = late heading, m = morphological variation,
 
s= sterility.bNo. of lines that segregated variants +no. of
 
lines observed X 100.
 



was about 30% when combined with other traits. Tale 3. Frequency of salt-tolerant variants in R2 plants 

Thus frequency of variants without high sterility regenerated from Taichung 65calluse.a IRRI, 1082. 

was about 25%. The proportion of variants will Pasagesrquny Lines Variant 

increase if more traits are examined. Somaclonal (no.) tested linesb (un 
(no.)variation observed in visible traits suggests that (no.) 

similar variation occurs in physiological and bio- 1 23 0 0.0 
2 30 5 16.7chemical traits. 

29 6 20.7Salt-tolerant calluses. When callus is cultured on 53 15 5 33.3 

a salt-enriched medium, some of its cells may gain 

salt tolerance and proliferate faster than the others. aAbout 30 seedlings of each line were salinized for 15 d 

Two callus lines of Reiho and Norin 20 derived 	 and seedlings that survived were counted. Parent showed 
8% of survival. bLines that showed more than 40% of 

from immature grains were continuously cultured survival. CNo. of variant lines + no. of lines tested X 100. 

on the modified Murashige and Skoog medium 
containing 8 g/ liter of both casein hydrolysate and 
yeast extract with 1.5% NaCI for 24 and 52 wk. Table 4. Survival rate under high salt stress (0.75% NaCI) 

After 24 wk, there was only a slight indication that of parent variety and a selected salt-tolerant variant 

the callus had gained some degree of salt tolerance. derived from tissue cultures. IRRI, 1982. 

After 52 wk of such culture, however, the callus Live plants (%)on 
15th day afterhad gained a substantial degree of salt tolerance 
salinizationa 

(Fig. I). Plant regeneration from the salt-tolerant 

calluses is now underway. Taichung 65 (parent) 9 

Salt-tolerant variant plants. Salt-tolerant variant A selected variant 60 
never Nona Bokra (salt-tolerant) 97

plants can be obtained from the cultures 

exposed to high salinity because tissue culture itself aSalinization was started at leaf age of 3.0 d. 

generates a wide range of variability in many plant 

traits. As shown in Table 3, the frequency of salt-
Relative growth (/) 
100 tolerant variant plants produced from the cultures 

grown in the absence of salinity increases with an 
Re/ho (lod) increase in length of callus culture. Indeed, a 

80 	 selected variant from this group showed a very high 
survival rate compared with the parent in a 
salinized culture solution (Table 4). However, salt 

tolerance of the variant is still lower than that of the60 
salt-tolerant variety Nona Bokra. Another way of 
using tissue culture is to modify morphological 

traits of salt-tolerant varieties. Nona Bokra is salt
40 	 tolerant but it has open tillers, which is a drawback 

to yield. Of 426 plant lines that contained 7,191 
plants, one variant was found to have a compact 

20 - Ctiller arrangement, slightly shorter plants, earlier 

maturity, and 20% higher yielding potential than 
the parent.
 

25 30 Aluminum toxicity-tolerant variants. A total of
0 05 1.0 1.5 20 

NOCl (M) 	 3,991 R2 plants from 472 lines were regenerated 
from calluses of Taichung 65 grown in the absence 

1.Growth curve ofcallusescultured for 52 wk on the media with of Al in a culture medium. Al toxicity tolerance 
or without 1.5% NaCI in response to a gradient of NaCI 

was examined by measuring the root growth of
concentration in the mediur. Callus was induced from 10-d-old 
seed of Reiho. IRRI, 1982. young seedlings in the presence of 30 ppm Al in 
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culture solution. Variation was found in increasing 
and decreasing tolerance for Al (Fig. 2). Some R2 
plants were highly tolerant of Al; their roots at 30 
ppm Al were even longer than those of the parent 
at 0 ppm Al. This suggests that roots of these 

variants are longer than those of the parent in the 
absence of Al in culture solution. Occurrence of 
Al-tolerant variants appears to increase with the 
increase in length of callus culture; the frequency 
increased from 18/100 plants for 4 wk (passage 1) 
to 46 plants/ 100 plants for 20 wk (passage 5), 
giving an oveiall average of 34/100 plants (Table 

5). The tissue cultue cycle itself appears to generate 
a wida range of variability in Al toxicity tolerance. 

Increasing plant regeneration efficiency. Effi-
ciency of plant regeneration declined with increas
ing callus age (Table 6). The regenerative capacity 
of calluses obtained from immature seeds was 
maintained higher than that of calluses from 
mature seeds in all the varieties except Nona 
Bokra. However, even calluses derived from im-

Frequency (no)
1200 Parent 

Susceptible- Tolerant 

1000t 

800 

600

400 
....and 

200-

Table 5. Frequency of aluminum-tolerant variants inR2 

plants regeneratd from Taichung 65 callusesa . IRRI, 1982. 

Frequency of 
Passage R2 lines R2 plants variant produc
(no.) tested tested tionb (%I 

Lines Plants 

1 69 624 36 18 
2 76 674 50 17 
3 23 84 70 46 
4 118 1093 87 43 
5 60 506 87 46 

aSubjected to repeated cyclnr of subculture without selec
tion pressure. bVariants have roots longer than average
plus 3 Xstandard deviation of the parent in the presence 
of 30 ppm Al in culture solution. 

mature seeds lost their regenerative capacity after 
48 wk of subculture. In addition, use of immature 
seeds does not increase plant regeneration in most 
indicas, particularly IR lines. At present, low 
efficiency in plant regeneration from long-term 
cultured callus and from IR lines and other indicaf 
seriously hampers the application of tissue culture 
to rice improvement. For a given variety, choice of 

explant and composition of culture medium greatly 
affect the regeneration efficiency. An intensive 

study is now under way tw increase plant tegener
ation efficiency of 1'R lines aild long-term cultured 
callus by choosing young inflorescence as an 
explant and using the two-step method with 
abscisic acid. 

Anther culture. In 1982, anthers of 18 F, recipro
cal crosses of indica/indica, indica/japonica, 
japonica/japonica, and japonica/ indica rice varie
ties were cultured (Table 7). A simple linear 
correlation between the number of calluses plated

the number of green plants regenerated among 
the 18 crosses was studied. The results showed that 
the computed r values of 0.514 is significant at the 

S..5% level of significance. Seeds from the regenerated 
..homozygous diploid plants were grcwn in the field 

015 035 ------ . 15j during the 1982 WS and plants coming from an055 1M 1.350,15 035 05,5 075 095 1.15 

1.05 1.25 individual anther culture-derived plant did not025 045 065 a. 
Relative root length exhibit phenotypic variations, suggesting their 

homozygous naure. 
2. Frequency distribution of the relative root length of 3,991 The incorporation of cold tolerance in rice at the 
plants from 472 variant lines from Taichung 65 grown in culture 

seedling stage is different and the progenies of
solution with 30 ppm Al. Relative root length of the parent, 

0.68. IRRI, 1982. crosses involving cold-tolerant varieties usually 
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from calluses that originated from noeds at different developmental stqges,Table 6. Efficiencies of plant regeneration 

cultured 12 to 48 wk. IRRI, 1982. 

Efficiency (%) when calluses ware cultured for 

DevelopmentalVariety 	 12 wk 18wk 20wk 24 wk 28 wk 48 wkstage of seeds (d) 

23.0 0.0Fujisaka 5 	 10 61.5 34.3 20.0 13.0 
18.2 0.020 27.3 44A 26.7 40.0 

30, 59.1 48.5 28.2 17.6 11.1 2.5 
-

matureO 17.0 12.9 11A 7.8 12.9 

7.543.0 14.8 22.6 20.7Norin 20 	 10 37.5 
45.5 12.520 29.2 25.0 25.0 17A 
47.2 6.230, 70.6 48.9 51.1 30.0 

-6.0 17.5 7.5 6.0mature' 12.5 

20.7 20.7 20.0 11.1Reiho 	 10 56A 50.0 
20 39.6 42.5 ?4.3 26.7 17.0 7.5 

30, 80.0 33.3 27)' 21.8 8.3 3.3 
8 	 14.2 14.5 mature 31.3 21.7 25A 

28.1 30.0 2.5Talchung 65 	 10 52.9 51.5 31 A 
20 48.6 56.7 27.9 47.2 60.5 4.0 

30, 61.8 61.5 35.3 81.1 -- 0.0 
-25.5 32.9maturem 61.8 50.8 38.8 

0.0 0.0ADT 28 	 10 47.7 21.1 188 15A 


20 38.2 0.0 20.0 
 4.5 15.4 0.0 

30, 31.0 30.0 25.0 0.0 22.2 0.0 
a 	 2.2 mature 15.8 48.6 15.0 40.0 

8.6 35.7 37.5 14.2 0.0 0.0Nona Bokra 	 10 
20 8.8 51.5 428 16.1 9.5 0.0 

30, 35.7 32.1 21.2 23.0 10.5 0.0 
a 	 588 64.7 40.0 39.7 mature 53.5 

811-, 15., 19-, 23-, and 27-wk-old calluses were used. Calluses were cultured on medium I without yeast extract and
 

casein hydrolysate.
 

show very little or no tolerance. Anther culture- anther culture-derived plants had longer culms, 

derived plants of F1 sexual crosses whose parents shorter panicles, and taller plants than the parents. 
was no significant increase indiffer in cold tolerance were tested for cold toler- However, there 

ance at the seedling stage (Table 8). Some plants panicle number. 
of I or 3 have been The meiotic behavior of pollen mother cells of 41showing tolerance scores 

selected and will be used for further evaluation, random plants regenerated from anther culture of 

Rice varieties, identified as responding well to varieties and F1 hybrids was studied. Chromosome 
counts of at least 50 dividing cells of each plantanther culture, could be used in basic studies and as 
showed that 34% of the plants were haploids andparents for transferring the capacity of callus 

production and green plant regeneration to varie- 66% diploids (Table 10). No other ploidy level was 

ties that respond poorly, but have other desirable observed. Among the diploid plants, four showed 
the meiotic aberrations such as late congrcssion, sepacharacteristics. Likewise, by just culturing 


rations, bridges, laggards, and micronuclei.
anthers, it is possible to identify among the rege-

nerated plants some variants that behave differently 

from the parents. Table 9 shows a comparison of HYBRID RICE 

agronomic characteristics of 14 Taipei 309 anther PlantBreeding and Plant Pathology Departments; 

culture-derived plants and their parents using the Collaborators in the Philippines, India,and Korea 

least significant difference (LSD) test. Each anther 
Heterosis studies (Plant Breeding and collaboraculture-derived plant 	represents an average of 24 

Yield advantage of F rice hybrids underreplicates. The LSD analysis showed that the tors). 	 , 
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Table 7. Green plant regeneration from pollen culture of 15 F 1 reciproca crosses. IRRI, 1982. 

Anthers Caill plated Green plants
Paentrf plated (no.) for green plant reen pns

regeneration b (no.) regenerated (no.) 

BG90-2/Tatsumi mochi (I/J) 274 64 132
 
Tatsumi mochi/BG90-2 (J/1) 238 23 29
 
BG90-2/1R48 (I/I) 180 8 3
 
IR48/BG90-2 (1Il) 192 20 40
 
BG90-2/Suveon 290 (I/) 82 6 6
 
Suwveon 290/BG90-2 (I/) 383 48 35
 
BG90-2/Taipei 309 (I/J) 1085 445 80
 
Taipei 309/BG90-2 (J/I) 193 15 10
 
Tatsumi mochi/Suweon 290 (J/I) 341 79 58
 
Suweon 290/Tatsumi mochi (IJ) 68 0 0
 
IR48/Suweon 290 (1/I) 609 171 43
 
Suweon 290/IR48 (I/) 100 12 13
 
IR48/Taipei 309 (I/J) 214 16 1
 
Taipei 309/IR48 (J/I) 240 111 21
 
Suweon 290/Taipei 309 (I/J) 484 19 0
 
Taipei 309/Suweon 290 (I/J) 106 0 0
 
Taipei 309/Tatsumi mochi (J/J) 171 103 30
 
Tatsumi mochi/Taipei 309 (I/J) 58 48 1
 

Total 5018 1188 502 
Av 66 27119 

aJ = japonica, I = indica. bThe number of calluses plated for plant regeneration is only a part of the total number of 
pieces of calluses actually obtained from pollen grains. 

Table 8. Cold tolerance response of anther culture-derived Table 9. LSD test of some agronomic characteristics of 14 
plants. IRRI, 1982. anther culture-derived plants from Taipei 309. IRRI, 

1932.
 

Seedling cold 
8Cross (no.) tolerance score Anther culture Plant Culm Panicle Panicle 

1 3 5 7 9 plant no. height length numberlength 

96 1 1 1 2 9 ns 8 7 .3 9 ns 24 .17 ns 14 2 8 n s 

Witha cold-to/erant parent 
Tatsumi mochi/Suweon290 (J/) 
Tatsumi mochi/BG90-2 (J/I) 
Taipei 309/Tatsumi mochi (J/J) 
BG90-2/Taipei 309 (I/J) 
Silewah/Taichung65 (l/J) 

17 
7 

14 
13 
1 

-
-
-

3 
-

1 
1 

-

10 
1 

8 
4 

10 
-

7 
2 
4 
-

1 
-
--
-

133 
152 
157 
171 
182 
184 

116.56* 
117.67"" 
115.52* 
1 14 2 5 ns 
11 1.56 ns 
116.29* 

93.52"* 23.2" 
93.81"* 2 3 .85 ns 
92.79" * 22.73"" 
91.41 * 22.83*" 
88.56' 22.95 * 

93.56"" 22.73 *" 

12. 7 9 ns 
11.58 ns 

11A6 ns 

10.04 n s 

9.6 2 ns 
10.33ns 

Parents 196 111.44 ns 
8 7 .3 1 ns 2 3 . 2 ns 9,8 3 n, 

Tatsumi mochi (J) 
Suweon 290 () 
BG90-2 (I) 
Taipei 309 (J) 
Silewah (I) 
Taichung 65 (J) 

-
-

-

-
-
-

x 
-

-

x 
x 
x 

-
-

-

-

-

-

-
x 

-

-

-

-

-
-
x 
-

-

-

204 
185 
331 
318 
386 
356 

Taipei 309 

10 7 2 7ns 
116.17' 
10 8 .69 ns 
10 9 .79 ns 
10 8 .98 ns 
107.14 n s 

109.12 

89.60"* 23.10"* 
9295 *" 23.21 ° ° 

84 .54 ns 22.98" 
8 7 .3 7 ns 22A2" ° 

89.66' 20.79 *" 
84 3 1 ns 2296" 
84.72 24.39 

11.21 t s 

10.6 2 n
s 

12.54 n s 

9.62 n s 

10.21 n s 

12 2 9 ns 
10.08 

'Scale of tolerance: 1 = seedlings dark green, 3 = seedlings (from seed) 
light green, 5 = seedlings yellow,7 = seedlings brown,9 = 

seedlings dead. 

irrigated conditions. Some experimental F, Training Center (MRRTC), Mufioz, Philippines; 

hybrids ceatinued to show positive standard Kapurthala, Punjab, India; and Suweon, Korea 
heterosi (advantage of F1 over the best check (Table 11). Two combinations, IET 3257/ 1R2797
variety) for yield or productivity per day, or both, 105-2-2-3 and lET 3257/ IR54, found superior in 
at the IRRI farm; Maligaya Rice Research and 1981 trials at the IRRI farm (Annual report for 
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290 

Table 10. Ploidy level of anther culture plants derived 
from Fls of sexual crosses and varieties, as determined by 
chromosome study of pollen mother cells. IRRI, 1982.______________________under 

Different anther Level of ploidy 
F1 hybrid culture-derived 
or variety pl,- ts studied from Diploids Haploids 

eazh cross or variety (no.) (no.) 
(no.) 

BG90-2 X 4 
Tatsumi mochi 

1R48 X Suvveon 1 1 -

Suwveon 290 X 7 2 5 
BG90-2 


Taipei 309 X 1 1 -
Tatsumi mochi -Tatsumi mochi X 1 1 
aGt0-2 


Tatsumi mochi X 6 6 -

Suweon 290
Beekgogna11
 

2 2Giza 170 4 
IR30 1 1 -
IR40 1 1 

-1 1 


Moose tarum 1 1 -

Nong Baek 1 1 -

Pai-Kan-Tao 1 1 -


Minehikari 

1 -Suweoti 290 1 
Taichung Sen Yu 1C5 1 1 -
Tainan 5 1 1 -
Taipei 177 4 - 4 
Taipei 309 3-

Total 41 27 14 

1981), were also superior during 1982, indicating 
that their heterosis effects were consistent. 

Yield advantageofF, rice hybrids under rainfed, 
shallow, favorable wetland conditions. During 

1981, some experimental F, rice hybrids showed 

yield superiority over check varieties in rainfed 

wetland conditions in Pangasinan, Philippines 
(Annual report for 1981). To confirm these obser-

vations, 14 experimental hybrids were tested in a 

trial under rainfed wetland conditions at Nan-

sangaan, Pangasinan Province, Philippines. V20A/ 

IR54 and 97A/IR54 combinations, derived from 

cytosterile lines from China and restorer lines from 

IRRI, were significantly superior in yield or pro-

ductivity per day to check varieties IR36. IR42, 

and IR52 (Table 12). Their superiority in the 1981 

trials indicates that F, rice hybrids may also be 

adapted to favorable rainfed shallow wetland 

conditions. 

The hybrids derived from Chinese male steriles 
and I RRI restorer lines did not perform as well 

irrigated conditions at the I]RR I farm and at 

MRRTC during the WS possibly because of the 
greater pressure of diseases and insects in the 

experimental farms than in the farmers' fields. 
Despite their yield superiority under irrigated and 

rainfed wetland conditions in Pangasinan, they 

probably will not be successful. It would be 
difficult to produce their seed in bulk quantities 
because the male-sterile parents are susceptible to 
tropical diseases and insects. 

Anaisis ofyied-heterosisinrice. In the 198 1-82 
trials, the yield increase in the heterotic combina
tions resulted from their increased dry matter 

production or higher tHI. The higher 1-1l was 
attributable to an increase in number of filled 

spikelets per square meter or increase in 1,000
grain weight. The hybrids tended to have reduced 
tillering, but the increase in spikelets per panicle 

overcompensated for the loss. 
Heterosis for root characteriistics. Two F, 

hybrids, Zhen Shan 97A/IR13420-6-3-3-1 and 

lET 3257/ 1R54, were aeroponically grown in the 
IRRI phytotron along with their parents. Their 
root characteristics were observed 45 DAS. The 
results indicated the presence ofsignificant positive 

heterobeltiosis for root number and root diameter 

in one of the hybrids (Table 13). There was positive 
heterobeltiosis for root dry weight and root length 
in the same F, combinations, but the difference 
was not statistically significant. Difference for 

root-shoot ratio was minor and nonsignificant. 
More comprehensive and critical studies on root 

characteristics of F,hybrids showing heterosis for 

yield will be useful. 
F, rice hybrids to pyramid blast resistance genes 

(Plant Breeding and Plant Pathology). Most of the 

blast resistance genes have been found to be 

dominant. Therefore, the resistance genes in cyto

plasmic male-sterile (cms) lines and different resis

tance genes in restorer lines can be combined easily 

in the F, hybrid providing it with more resistance 

genes than those of the two parents. Table 14 shows 

the blast reactions of the parents Seokwang, HR 

1619-6-2-1-2-2, and Milyang 54 and the F, hybrids 

Seokwang/Milyang 54 and HR 1619-6-2-1-2-2/ 
Milyang 54. The blast fungus isolate 750778 (IC

13) could attack Milyang 54, but not Seokwang 
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Table 11. Performance of elite F 1 hybrids in yield trials conducted during 1982. 

Hybrid 

IRRI Farm, DS 
IET 3257/IR2797-105-2-2-3 
lET 3257/IR54 
1/20A/IR54 

IRRI Farm, MS 
IR10154A/IR2307-247-2-2-3 
V20A/IR13420-6-3-3-1 
97A/IR54 

MRRTC, Mufiloz, WS 
IET 3257/IR42 
V20A/IR54 

Kapurthala, Punjab, India 
97A/IR2307-247-2-2-3 
V20A/I R2307-247-2-2-3 

COA Farm, Suwoon, Korea 
V20A/Suweon 294 
97A/Suweon 294 

CRD,Suweon, Korea 
V20A/Suweon 294 
97A/Suweon 294 

Yieldihe) 
Standard
heterosisa 

(%) 

Growth 
duration 

(d) 

Productivity 
(kg/day per he) 

Standard 
heterosisa 

(%) 

8.9 34.3 129 82 322 
82 242 128 77 24.2 
6.4 - 3.0 110 72 16.1 

6.4b 25.6 115 57 54.0 
4.2 - 2.3 109 48 29.7 
4.5 4.6 121 45 21.6 

5.3 6.0 127 50 2b6i 
4A -12.0 109 50 25.0 

9.5 33.8 117 99 41.4 
8.9 25A 117 93 32.8 

8.9 48.3 - - -
7.2 20.0 - - -

9.1 7.1 -- -
8.4 - 1.2 - -

aStandard heterosis was estimated in relation to the best check variety in each trial: IR54 (IRRI farm, DS), IR42 (IRRI 

farm, WS, MRRTC, Mufloz), PR 103 (Kapurthala, Punjab, India), and Suweon 287 (Korea). bMean of two replications 
only, other means are based on three or four replications. 

Table 12. Performance of heterotic F1 rice hybrids in 
rainfed wetland conditions. Nansangaan, Pangasinan, 
Philippines, 1982 WS. 

Hybrid Yield Growth 
or variety (t/ha) duration

(d 

V20A/IR54 7.5 a 121 
97A/IR54 7.0 ab 124 
IR36 6.4 bc 112 
IR42 6.2 bc 132IR52 5.7 c 116 

Productivity 
(kg/ha per day) 

75 
68 
70 
5660 

Table 13. Haterobeltiosis for root characteristics in two 
experimental rice hybrids& grown aeroponicelly. IRRI, 
1982. 

Hetero- Hetero-
Characteristic H1 be(tiosls H2 beltiosis 

Root number 55 
Root dry weight (g) 0.631 
Root-shoot ratio 0.296 
Root length (cm) 86.1 
Root diameter (mm) 0.61 

aH1 = 97A/IR13420-6-3-3-1 
(F1 ). 

37.5* 43 -14.0 
45.7 0.383 -23.8 

- 2.0 0.255 2.8 
6A 73.2 4.6 

29.8 0A9 -19.7* 

(F1), H2 = IET3257/IR54 
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and HR 1619-6-2-1-2-2; the isolate 43 (1l Hl-) could 
attack Seokwang and HR 1619-6-2-1-2-2, but not 
Milyang 54. The parents were susceptible to the 

mixture of isolates 750778 (IC-13) and 43 (IH-I) 

but the F1 hybrids were resistant. The F, hybrid 
H R 1619-6-2-1-2-2/ Milyang 54 was resistant to the 

mixture of isolates 750778 (IC-13) and 1K 81-3 
(IA-61), and the two parents were susceptible. 
Thus, the F1 hybrid breeding approach can help in 
pyramidinE different resistance genes from different 
parents. 

Cytoplasmic genetic male sterility and fertility 
restoration (Plant Breeding). The cytoplasmic
genetic male sterility and fertility restoration system 

has been found to be a most effective genetic tool 
for developing F1 hybrid rices in China. IRRI 
continued to maintain a collection of cms lines. 

The cytosterile Zhen Shan 97A, V20A, Er-Jiu-Nan 
IA, V41A (all derived from wild rice, Oryza saliva 
f. spontanea or 0. perennis? or WA cytoplasm), 

Yar Ai Zhao A (Gambiaca cytoplasm), Pankhari 
203A (TNI cytoplasm), Wu 10A (Chinsurah Boro 

11 or BT cytoplasm), and MS 577A (0. sativa f. 
spontaneacytoplasm) have been found stable for 



isolates and mixtures of isolates. IRRI,
Table 14. Leaf blast reactions of two F 1 hybrids and their parents to some 

1982. 

Parent or 

F1 hybrid 


Seokwang 

HR 1619-6-2-1-2-2 
Milyang 54 
Hybrid la 
Hybrid 2b 

750778 43 IK 81-3 P 06-6 A + B 
(A) (B) (C) (D) 

R 
R 
S 

S 
S 
R 

-

S 
R 

S 
-

S 

S 
S 
S 
R 
R 

Reaction to isolate or mixture of isolates inoculated 

A+C A+D 

-

S 
S 
-

R 

S 

S 
S 
-

'Hybrid 1: Seokwang/Milyang 54.bHybrid 2: HR 1619-6-2-1-2-2/Milyang 54. 

pollen or spikelet sterility. These lines, however, 

cannot be used as such to develop F1hybrids for the 

tropics because of their poor adaptability to tropical 

rice-growing conditions or their unimproved plant 
type. 

Pollen stainability orferti/it' and spikeletfertility 
of differentof male-sterile lines. The frequency 

categories of pollen grains in some stable cms (A) 

and maintainer (B) lines indicated that a majority 

of the pollen grains of Zhen Shan 97A, V20A, Yar 

Ai Zhao A, and Pankhari 203A were unstained 
and withered, and a majority of the pollen grains ofad97B 

10A and MS 577A were partially stained to
Wu 
completely stained and round (Table 15). Almost 

all the pollen grains of the B lines were completely 
stained and round. The spikelet fertility of all A 

lines with unstained pollen grains was zero when 

their panicles were bagged, suggesting that un-

stained pollen grains were unviable. Wu 10A and 

MS 577A with stained and round pollen grains, did 

not sho' seed set on bagged panicles, indicat-

ing that tue pollen grains were also unviable and 

did not affect fertilization. The B lines of all A lines 

with completely stained and round pollen grains 

showed 85-94% spikelet fertility. The pollen grains 

of Wu 10A, derived from Chinsurah Boro II (BT) 

cytosterility system identified in Japan, are known 

to abort at the binucleate stage. It appears that 

stainability reaction and shape of pollen grains in 

lines is determined by the stage at which the pollen 

grains abort. The pollen grains aborting at the 

uninucleate development stage would be unstained, 

withered, and spherical but those aborting at the 

or later stages would be partially tobinucleate 
completely stained and round. It is possible that 

pollen grains of MS 577A, which are stained 

Table 15. Frequency of different categories of pollen 

grains in six A lines and their corresponding B lines. IRRI, 

1982. 

Frequency (%)of pollen Spikelet 
Line grain in categorya fertility (%) 

uw US PSR CSR 
-

Wu 10A 
Wu lOB 

222 
1.9 

7.1 
2.1 

25.1 
0.1 

45.0 
95.9 

0 
87 

P203A 86.5 1.8 4.6 
P203B 0.6 2.0 
97A 97.2 2.80.6 0.5 
V2A 97.6 2.4 

V20B 0.8 0.8 
V20A 97.6 2.4 
V20B 0.8 0.8 
YAZ A 90.4 8.4 02 
YAZ B 1.3 0.8 
577A 1.6 5.0 23.4 
577B 0.5 1.5 

aUW = unstained withered, US = 

PSR = partially stained round, CSR 
round. 

7.1 0 
974 94 

098.9 92
0 

98A 92 
0 

98A 92 
02 0 

97.9 85 
70.0 0 
98.0 91 

unstained spherical, 
= completely stained 

normally but unviable, may also abort at or after 

the binucleate stage of pollen development. 

Transfer of the WA cytosterilitysystem into elite 

lines adapted to tropical conditions. Since 1979 

when hybrid rice research at IRRI was revived, it 

was recognized that the WA cytosterile lines 

introduced from China were not adaptable to the 

tropics because of their disease and insect sus

ceptibility. Since then, a number of improved rice 

varieties and elite breeding lines developed at IRRI 

and other national rice improvement programs 

have been identified as effective maintainers. Back-
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crossing is in progress to transfer the WA cyto-
sterility system into the genetic background of 
these elite lines. The stable A lines have been 
developed after four to six backcrosses in the 
genetic background of elite lines IR10154-23-3-3, 
IR10176-24-6-3, IR10179-2-3-1, 1Ri9792-15-2-
3-3, IR19807-21-2-2, and Jikkoku Seranai 52-37 
(from India). These lines are better adapted to 
tropical rice-growing conditions. 

Cvtogenic relationship among male-sterile and 
mainlainerlines. Six of the A lines found stable for 
pollen sterility - Zhen Shan 97A, V20A, Yar Ai 
Zhao A, Pankhari 203A, Wu 10A,and MS 577A 
- were crossed with their corresponding B lines in 
all possible A/B crosses. The six B lines were also 
crossed in all possible B/B crosses. The same six A 
lines and their corresponding B lines were also 
crossed with a set of elite lines (used as male 
parent). The F1 of these crosses were analyzed for 
their pollen and spikelet fertility, 

The pollen and spikelet fertility of all possible 
crosses involving the six A and their B lines (Table 
16) indicated that: 

* The male sterility of Wu 10A was maintained 
by Wu 10B and P 203B; the other maintainers 
acted as partial restorers. 

" The male sterility of 97A and V20A was 

maintained by all the B lines except YAZ B, 
which behaved as partial restorer. 

* The male sterility of YAZ A was maintained 
by YAZ B, P 203B, and Wu 10B; the other 
three B lines behaved as partial restorers. 

* The male sterility of MS 577A was maintained 
only by MS 577B; the crosses with other B 
lines showed a high frequency of completely 
stained, round pollens (such as MS 577A) but 
low spikelet fertility. 

These results imply that: 
9 the cytoplasmic male sterility systems in Wu 

IOA and P 203A are identical; 
9 the cyioplasmic male sterility systems in 97A 

and V20A are identical; 
@the cytoplasmic male sterility system in YAZ 

A is different from those of Wu IOA/P 203A, 
97A/V20A, and MS 577A; and 

* thecytosterility system of MS 577A isdifferent 
from those of Wu IOA/ P 203A, 97A/ V20A, 
and YAZ A. 

Pollen and spikelet fertility of all possible B/B 
crosses (Table 17) indicated that: 

9 	crosses involving 97B, V20B, YAZ B, and 
577B were normally fertile, without showing 
reciprocal differences; 

• crosses involving Wu 10B and P 203B used 

Table 16. Frequency of completely stained round (CSR) pollen and spikelet fertility, of Fls derived from the six A 
lines with their corresponding B lines in all possible crosses. IRRI, 1982. 

CSR pollen and spikelet fertilitya (%) 
of Fls involving Mean 

A line 

Wu 10B P203B 97B V20B YAZ B 577B 

Wu 10A 45 33 49 56 84 53 53 
(0) (1) (21) (12) (27) (11) (12.1) 

P 203A 56 7.1 59 56 55 54 47.6 
(2) (0) (21) (22) (29) (20) (15.6) 

97A 0 0 0 0 33 0 5.5 
(0) (0) (0) (0) (13) (0) (2.2) 

V20A 0 0 0 0 11 0 1.9 
(0) (0) (0) (0) (10) (0) (1.7) 

YAZ A 0 2.3 50 43 1 27 28.7 

(0) (1) (251 (26) (0) (16) (11.2) 

577A 50 74 76 70 82 70 70 
(6) (5) (6) (4) (7) (0) (4.8) 

Mean 25.2 19.4 388 37.5 44.3 42.2 
(1.3) (1.2) (12A) (10.7) (14.2) (718) 

aSpikelet fertilityvalues in parentheses. 
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either as the maternal or paternal parent 
among themselves and with the other B lines 
showed partial fertility, without showing large 
and consistent differences among the recipro-
cal crosses. 

Partial fertility of crosses involving P 203B and 
Wu lOB with the other four B lines may be due to 
gametic development genes known in rice. There-
fore, cytoplasms of the six B lines do not possess 
factors inducing male sterility, 

The values of correlation coefficients for spikelet 
fertility of A/ Bcrosses involving the six A lines and 
all the B lines are in Table 18. These values 
indicated that behavior of Wu IOA and P 203A in 
crosses with the B lirhes was highly correlated (r= 
0.92); 97A and V20, also showed similar behavior 
(r = 1). These results further confirmed that 
cytosterility systems in cytosterile Wu 10A and P 
203A, and 97A and V20A, were the same. All other 
possible comparisons among A lines showed non-
significant correlations; therefore, the cytosterility 
systems possessed by the lines should be different. 

The values of correlation coefficients on spikelet 
fertility of crosses involving the A lines with elite 
lines are in Table 19. The results confirmed the high 
correlation (r= 0.99) between the behavior of 97A 

and that of V20A in crosses with elite lines, 
Behavior of crosses involving Wu 10A and P 203A 
showed no significant correlation (r = 0.29). Wu 

Table 17. Frequency of CSR pollen and spikelet fertility 
in Fls involving six B lines in all possible combinations. 
IRRI, 1982. 

CSR pollen and spikelet fertility9 (%) 

E line of Fls involving 

Wu 10B P2038 97B V20B YAZ B 577B 

Wu10B 96 57 48 19 92 60 

(87) (27) (47) (18) (25) (38) 

P 203B 49 97 45 31 37 44 
(28) (94) (46) (25) (26) (20) 

97B 76 
(41) 

47 
(49) 

99 
(92) 

99 
(89) 

99 
(84) 

97 
(70) 

V20B 20 47 99 98 99 99 
(16) (25) (94) (92) (84) (86) 

YAZ B 99 40 99 99 98 94 
(26) (24) (72) (65) (85) (91) 

577B 50 36 95 96 98 98 
(29) (23) (94) (90) (91) (91) 

8Spikelet fertility values Inparentheses. 

IOA is a japonica line and P 203A is derived from 
Pankhari 203. P 203A gives less fertile hybrids 
regardless of other parents involved. Therefore, the 
confounding effect of intervarietal hybrid sterility 
due to nuclear genes cannot be ruled out. The 
relationship between Wu IOA anTI P 203A may be 
studied further by following up the crosses showing 
differential behavior in backcross generations 
where the effects of intervarietal hybrid sterility are 
reduced. 

Correlated behavior of YAZ A and 97A (r = 

0.55) and V20A (r= 0.41) may be due to the ability 
of some elite lines to restore fertility in the two A 
lines. 

Based on these results, the six A lines can be 
classified into four groups of cytosteriles. These 
groups and their tentative cytoplasmic constitution 
are: 

9 Wu 10A/ P 203A 	 S (designated as BT by 
Shinjyo, 1969) 

o 97A/V20A 	 S2 (designated as WA by 
Yuan, 1977; Lin and 
Yuan, 1980) 

* Yar Ai Zhao A S3 (designated as Gant by 
Lin and Yuan, 1980) 

9 	MS 577A S 4 (not designated ear
lier) 

Table 18. Linear correlation coefficients for spikelet 
fertility of sets of A/B crosses involving different A lines. 
IRRI, 1982. 

A line P203A 97A V20A YAZ A 577A 

Wu 10A 092" 0.69 0.69 0A1 0.24 

P203A97A 
0.55 0.551.00"* 

047
-0.44 

-0.07 
0.46 

V20A -0.44 0A6 
YAZ A 0.24 

Table 19. Linear correlation coefficients for spikelet 
fertility of sets of A/elite line crosses involving different A 
lines. IRRI, 1982. 

Aline 
Wu1bA 
P203A 

P 203A 
0.29 

97A 
0.06 
0.06 

V2OA 
0.10 
0.04 

YAZ A 
0.26 
0.33 

577A 
-0.12 

0.19 

97A 
V20A
YAZ A 

0.99* 0.55** 
0.48* 

0.16 
0.01
0.03 
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The corresponding nuclear genes interacting 
with a specific cytoplasmic factor inducing male 
sterility in these lines may be designated as S1-rf 
(for SI), S2-rf (for S,,). SI-rf (for S:1, and S4-rf (for 
S4). Based on these assumptions and the results 
presented in Table 16, the cytoplasmic and geno-
typic constitution of the six A and B lines are 
proposed in Table 20. Studies conducted in China 
have also shown that the WA cytosterility system is 
different from the BT system. 

Identificationof additionalsources of cytoplas-
mic male sterility. Among a set of crosses made in 
1980 with Oryza glaberrimaand some elite lines, 
the cross Ory'zaglaberrima(Acc. 102726)/I R2797-
105-2-2-32//IR36 gave increased pollen sterility in 
successive backcross F, generations. It appears 
distinctly possible to develop an Aline from Oryza 
glaberrinmacytoplasm. Because IR36 is a restorer 
of WA cytosterility system, the A line developed in 
Oryza glaberrimna cytoplasm should possess a 
different cytosterility system. If found stable, the 
cytosterile IR36 would make a very good female 
parept to develop F, rice hybrids for the tropics 
because it is the most widely adapted rice variety, 

Identification of maintainerand restorer lines 
for various male-sterile lines. On the basis of 
fertility behavior of test cross Fs from crosses of 
the six A lines with elite lines and of B lines with 
elite lines, several effective B lines were identified 
(Table 21) for cytosteriles: Zhen Shan 97A, V20A, 
Yar Ai Zhao A, Wu 10A, P 203A, and MS 577A. 

No effective restorer (R) line was identified for 
Wu 10A, and the restoration ability of line IET 

5103 for cytosterile MS 577A needed confirma
tion. 

Large-scale screening of elitd lines for mainte
nance-restoration ability of WA cytosterility system 
was continued. Atotal of400 additional lines were 
test-crossed during the year and 25 were found 
effective maintainers and 102 effective restorers; 
the remaining lines were partial restorers. 

Use ofrestorerlines identified at IRRIin hybrid 
breeding program in China. Most of the com
mercial indica rice F, hybrids in China involve R 
parents from IRRI (IR24, IR26, IR30, IR661, and 
IR665). IRRI and Chinese scientists have been 
working collaboratively for the past 3 yr to identify 
additional R lines among IRRI's elite breeding 
lines, which possess multiple disease and insect 
resistance. Through thf: collaborative research, 
elite R lines 1R9761-19-1, IR10167-129-3-4, 
IR 15847-135-1-1, IR19746-28-2-2-3, and IR21177
22-3-1-2, have been identified at Hunan Academy 
of Agricultural Sciences. These lines have multiple 
disease and insect resistance and give F, hybrids 
that are 10-15 d earlier in maturity than the 
currently grown commercial F, hybrid Wei U 6 
(±135 d). These early-duration hybrids are in 
various stages of testing and when released may be 
grown in the first crop season (March-April to 
June-July) and late in the second crop season. This 
would help expand the area planted to hybrid rice 
in China. 

A joint study between IRRI and China was 
conducted to identify effective R lines among elite 
breeding lines developed at IRRI and other na-

Table 20. Proposed cytoplasmiic and genotypic constitution of the six A and their B lines. IRRI, 1982. 

A/B line Cytoplasmic constitution Genotype 

S3 -rf S4-Rf S4-Rf 

Wu 10B S1-rf Si-rf S2-rf S2 -rf S3 -rf S3 -rf S4-Rf S4-Rf 
Wu 10A S1 Sl-rf Sl-rf S2-rf S2 -rf S3 rf 

N 1 

P 203A S1 S1-rf Sl-rf S2 -rf S2-rf S3 -rf S3-rf S4-Rf S4-Rf 

P 203B N1 S1-rf Sl-rf S2 -rf S2-rf S3 -rf S3-rf S4-Rf S4-Rf 

97A S2 SI-Rf SI-Rf S2 -rf S2-rf S3 -Rf S3-Rf S4-Rf S4-Rf 
97B S1-Rf S1-Rf S2 -rf S2-rf S3 -Rf S3-Rf S4-Rf S4 -RfN2 

V20A S2 S1 -Rf S1 -Rf S2-rf S2 -rf S3 -Rf S3-Rf S4-Rf S4 -Rf 
V20B N2 S1 -Rf S1-Rf S2-rf S2-rf S3 -Rf S3-Rf S4-Rf S4 -Rf 

YAZ A S1-Rf S1 -Rf S2-Rf S2-Rf S3-rf S3-rf S4 -Rf S4-RfS3 
YAZ B SI-Rf S1-Rf S2 -Rf S2-Rf S3-rf S3-rf S4 -Rf S4-RfN3 

577A S4 S1-Rf S1 -Rf S2 -rf S2 -rf S3-Rf S3 -Rf S4-rf S4-rf 
577B S1-Rf S1 -Rf S2 -rf S2-rf S3-Rf S3-Rf S4-rf S4"rfN4 
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tional programs. The results indicated that about in a tropical environment than in a subtropical 

15% of the lines tested in China and 24% of the lines environment. 

tested at IRRI were effective restorers (Table 22). Inheritance offertility restoration.The inheri-

The restoration ability of the remaining R lines was tance of fertility restoration was studied in a cross 

site specific. Frequency of R genotypes was higher involving A line Zhen Shan 97A and R line IR54. 

Table 21. Effective maintainers and restorers of six A lines. IRRI, 1982. 

97A V20A YAZ A Wu 1OA P 203A 577A 

Whecheon Yukdo IR19795-17-3-2 
Jikkoku Seranai 52-32 lET 3257 

Maintainer iR747B2-6-3 	 IR10179-2-3-1 IR747B2-6-3 
IR9859-45-2-3 (?) IR10154-23-3-3IR10154-23-3-3 

1259 (?) Suweon 105IR10176-24-6-2 C 652159/Milyang F5 

IR19657-87-3-3 IR11248-242-3-2 1R26 
IR2797-105-2.IR19795-17-3-2 
2-3
 

IR9703-41-3-3-1C 652159/Milyang F5 1295 
IR9859-45-2-3 IR13525-118-32 

-2-2-2 

lET 5324 IR17494-32-2 
IR1 1248-242-3

2 

Total (%) 10(32%) 8 (26%) 2 (7%) 6 (19%) 4 (13%) 11 (36%) 

Restorer IR26 IR13525-118- lET 5103 (?) 

IR36 32-2-2-2 
IR50 

IR54 	 IR10154-23-3-3 

IR9703-41- IR9715-74-3 	 IR970344-3-3-1 
3-3-1 

IR9752-39-2 lET 5103 	 IR2797-105-2-2-3 
IR9093-2'j 1-6 
IR9852-39-2 
IR13420-6-3-3-1 
IR13525-118-32

2-2-2 
1R 17494-32-2 
lET 5103 
IET 3257 

Total (%) 6 (19%) 6 (19%) 13 (42%) 0 1 (3%) 1 (3%) 

Table 22. Restoration ability of 218 elite breeding lines tested in China and IRRI, 1981. a 

Test in China 
Test in IRRI 

Restorer Partial Partial Maintainer Total 
restorer maintainer 

- 53Restorer 13 	 37 3 
25 	 111Partial restorer 17 	 66 3 

- 7 - 7Partial restorer:maintainer 
- 102 8 

- 4 15 4 23
Partial maintainer 
Maintainer 

4 5 2 	 14No data 3 
218Total 	 33 113 63 9 

aFigures given are number of lines. About 90% of ihe breeding lines were developed at IRRI, the rest in other national 

programs. 

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 131 



Progenies ofZhen Shan 97A (P1), IR54(P 2), Zhen ever, if the gene with weaker restoration ability is 
Shan 97A/IR54 (F1, F2), and Zhen Shan 97A// present, the plants show partial fertility ranging 
Zhen Shan 97A/IR54 (BC1 F1) were analyzed for from I to 70%. The plants possessing the double 
pollen and spikelet fertility. The results (Table 23, recessive genotypes are completely sterile. 
24) showed that restoration ability was dominant Effect ofsterility-inducing cytoplasm on agro
and the cytosterility system of Zhen Shan 97A was nomic characters.Comparative evaluation of the 
sporophytic in nature. The F2 population segre- six A and the corresponding B lines for some 
gated into 273 fully fertile (such as 1R54), 84 fertile agronomic characters showed that: 
(70-95% pollen fertility), 72 partially fertile (I-70% e Plant height was significantly lower in Zhen 
pollen fertility), and 30 completely sterile (such as Shan 97A, V20A, Yar Ai Zhao A, and Wu 
Zhen Shan 97A). The segregation gave a good fit to 10A than in the respective B lines. 
digenic ratio 9:3:3:1. These results were confirmed 0 Tillering was significantly higher in all the A 
by the backcross segregation ratio, which con- lines than in the corresponding B lines except 
formed to the 1:1.1:1 segregation ratio. The data on Wu 10A and MS 577A. 
segregation for spikelet fertility (Table 24) also e Pa cle exsertioi, was significantly poorer in 
showed behavior similar to that of pollen fertility. Zen Shan 97A, V20A, and Yar Ai Zhao A 
It appears that restoration ability of IR54 is than in the respective B lines. 
governed by two independent major genes, one * There was no significant difference among A 
with a stronger fertility restoration ability. If both and B lines in panicle length, number of 
genes are present, fertility is like the R line, IR54. If spikelets per panicle, and flag leaf length and 
the gene with stronger fertility restoration ability is width. 
present alone, fertility issomewhat reduced. How- Obviously, the cytoplasmic factors inducing 

Table 23. Frequency distribution for pollen fertility in parental F1, F2, and BC 1 F 1 populations of the cross Zhen 
Shan 97A/IR54. IRRI, 1982. 

Pollen fertility (%) class 
X2

Population Total P value 
0 0.1-10 10-30 30-70 70-95 95-100 

ZhenShan97A (P1 ) 10 10 
IR54 R (P2 ) 10 
F1 (P1/P2 ) 10 10 

(P1 /P2 ) 30 4 9 59 84 273 459 3.238 0.38F2 
72 

BC1 F 1 (P1//P 1/P2 ) 24 2 15 21 6 24 92 2 .34b 0.50 
17 27 

'Segregation ratio 9:3:3:1.bSegregation ratio 1:1:1:1. 

Table 24. Frequency distribution for spikelet fertility in parental F1, F2 , and BC 1 F 1 populations of the cross Zhen 
Shan 97A/IR54. IRRI, 1982. 

Line Spikelet fertility (%) class Total X2 P value 

0-1 1-10 10-30 30-60 50-70 70.80 80-100 

Zhen Shan 97A (P1 ) 
IR54 (P2 ) 
F1 (P1 /P2 ) 
F2 

10 

27 22 
91 

69 
2 

107 

4 
3 

159 
234 

2 
2 

52 

4 
3 

23 

10 
10 
10 

459 7.78' 0.06 

BC1 F 1 (P1lIPl1P2 ) 30 17 
25 

8 13 17 
24 

3 4 92 6 .7 0 b 0.09 

aSegregation ratio 9:3:3:1.bSegregation ratio 1:1:1:1. 
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male sterility affect some agronomic characteristics 
negatively, but their effects are cytoplasm specific. 

The effects of cytoplasmic factors inducing male 
sterility on agronomic characteristics (days to 
flower, plant height, tillers per hill, panicle length, 
and grain number) were also studied by comparing 
characteristics of test cross F, progenies of crosses 
involving the six A and Blines with elite lines. The 
results showed that effects of cytoplasmic factors 
inducing male sterility in Zhen Shan 97A and 
V20A were more pronounced than the others. 
However, the effects were positive, negative, or 
neutral depending on the cross. These observations 
further confirm the significance of developing a 
number ofA lines with diverse cytoplasmic factors 
inducing male sterility in rice, so that the positive 
effects of cytoplasm on agronomic characters can 
be selected for and the negative effects selected 
against in the hybrid breeding program. 

Seed production (Plant Breeding). Outcrossing 
on male.sterile lines during dr' and wet seasons. 
The techniques of hybrid seed production devel-
oped in China (Annual report for 1981) continued 
to be used to multiply seeds of selected A lines and 
produce hybrid seeds of selected F, combinations, 
The observations ni-de during the year on a 
number of A line multiplication and hybrid seed 
production plots (10-40 M2 ) during the DS and WS 
indicate that: 

" Up to 35% outcrossing on A lines is possible 
during DS and WS. 

" Outcrossing on A lines is generally lower 
during the WS than during the DS because of 
heavy rains, typhoons, and a higher incidence 
of diseases and insects during the WS. 

" The most important factor determining the 
outc,'ossing rate on A fines istheir synchroniza-
tion for flowering with the pollen parent.

" Because the available A lines introduced from 

China and elsewhere do not grow well in the 

tropics, a bulk quantity of hybrid seed cannot 
be produced unless the A lines are adapted to 

tropical conditions. 
Floralcharacteristicsofmale-sterile and main

tainerlines. Influencing floral characteristics on A 
lines in rice include: duration of flowering, of 

anthesis, and floret opening and stigma size, 
exsertion, and receptivity. 

Duration of flowering of the six A lines and 

corresponding B lines ranged from 13 to 19 d, 
although in most cases it occurred between 6and 9 
d. This duration allowed sufficient natural out
crossing in the seed production plot. But the 
flowering peak of A lines was 2to 3 d later than that 
of the corresponding B lines, which would hinder 
the natural outcrossing A lines in the seed multi
plication plot. It is therefore essential to have 
staggered plantings of B lines to attain synchro
nization in flowering. 

Duration of anthesis among the six A and B 
lines ranged from I to 14 h; the longest anthesis 
periods were in Zhen Shan 97A and V20A. Peak 
anthesis, however, occurred between 0900 and 
1100 h, but it did not synchronize with the peak 
anthesis in the corresponding Blines of Zhen Shan 
97A, V20A, YAZ A, and MS 577A. This may 
-'.u'e reduced cross pollination. The peak anthesis 
'. the A lines Wu 10A and P 203A synchronized 

with that of their Blines, indicating that selection 
for synchronized anthesis among the A lines is 
possible. 

The duration of floret opening in A lines varied 
from 37 to 141 min (Table 25). Florets of A lines 
remained open longer than those of the correspond
ing Blines, which provided opportunity for Alines 
to become cross-pollinated. 

The A lines showed variability for stigma length, 
breadth, and exsertion. Attempts to transfer the 
large stigma trait from a genetic stock 	 6209-3 
(Annual report for 1981) into Blines have not been 
successful. This trait appears to be recessive and 
linked with poor plant characteristics of wild rices 
so that in segregating generations, plants possessing 
improved plant type and large stigma are very 
infrequent. Biparental mating in the F2 c the 
crosses with 6209-3 may help to break this undesir-

Table 25. The duration of opening of florets of six A lines 
and their correspondin1 B lines. IRRI, 1982. 

_correspndingBines.______1982and _thei 

Duration of opening of 
florets (min)Line 

A 	 B 

97 141141 ±±4536 	 37±+ 4V20 	 56 ± 15 

Yar Ai Zhao 92 ± 15 	 61 ± 11 
33 ± 4P203 124 ± 30 
48 ± 237 ± 6 

16_ _8_±_ 
Wu 

10 
577 _72_±_ 
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Table 26. Stigma ex-tortion in six A lines and their corre-
sponding B lines. IRRI, 1982. 

Stigma exsertion 

Line Total no. Two side One side Total 

observed (%) (%) exserted 
(%) 

Zhen Shan 97A 1335 15 25 40 
Zhen Shan 97B 1217 2 17 19 

V20A 695 9 22 31 
V20B 859 2 19 21 
Yar Ai Zhao A 1596 13 36 49 
Yar Ai Zhao B 1379 9 33 42 

Pankhari 203A 1100 60 19 79 
Pankhari 203B 955 49 16 95 
MS 577A 1281 10 32 42 
MS 577B 468 14 37 51 
Wu 10A 1134 0 0 0 
Wu 10B 1067 0 0 0 

able linkage relationship. Alternatively, growing of 
large (5,000-10,000) F 2 population may give some 
desirable recombinants. 

Stigma exsertion in the six A lines ranged from 0 
to 79% (Table 26). P 203A showed the highest 
stigma exsertion and Wu 10A showed nio stigma 
exsertion. In general, A lines showed higher stigma 
exsertion than their corresponding B lines. Besides, 
one-side stigma exsertion was more frequent in A 

and B lines than two-side stigma exsertion, except 
in P 203A and P 203B, in which two-side stigma 

exsertion was more frequent. Because stigma exser
tion is influenced considerably by environmental 

factors, the observed valuer of stigma exsertion 
should be taken on a relative basis and not 
considered absolute. 

Studies in 1981 and 1982 showed that A lines can 

receive pollen longer than the corresponding B 
lines can provide them. Therefore, the extent of 
natural outcrossing on the A lines would be 
influenced by the receptivity of the exserted stigma. 
Effective stigma receptivity (not necessarily the 
exserted stigma) resulted in 40-50% seed set and 
ranged froma I to 5 d in different A lines. Critical 
studies on receptivity of the exserted stigma will be 
important. 

The improved A, B, and R lines adapted to 

tropical conditions should be available during 1983 
so that the development of F hybrids for the 
tropics can start. A number of crosses involving 
newly developed A and R lines have been made for 
the purpose. Hopefully some of these would show 
significant standard heterosis. Techniques of 
hybrid seed production have been found adaptable 
in the tropics. India, Indonesia, Philippines, South 
Korea, and the USA have initiated hybrid rice 
research. Progress made during the next 5 yr will 
determine the success of this technology. 
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The IRRI-coordinated International Rice Testing 
Program (IRTP), which completed its eighth year 
in 1982, has effectively linked national and regional
rice improvement programs with the GEU pro-

pram.T t the pro orast gth 
gram. The network's strength comes from rice 
scientists in various countries who collaborate in 
the evaluation of elite germplasm, varieties, and 
advanced breeding lines. In 1982 IRTP continued 

to strength,-n international linkages through its 
nurseries, monitoring tours, and workshocps. 
During these events, the participating scientists 
identified problems of mutual interest. 

INTERNATIONAL NURSERIES 

In 1982, 1,351 nursery sets were assembled and 
went to 50 network countries. Simultaneously, 
1981 trial results from more than 600 tests were 

Table 1. More than 150 rices showed good performance at 
mnny sitas in 1961 IRTP tests. Data from the tests were 
submitted by scientists at test sites, and analyzed and 
summarized at the IRTP headquarters at IRRI. 

Nursery 	 Promising entries 

Yield-irrigated 
IRYN-VE (very early) * BG367-4, IR50, IR972967-3, 

BG276-5, BG367-7 
IRYN-E (ea,-ly) e Taichung sen yu 285, 1R9828-

91-2-3, 1R36, Chianung sen yu 
13, IR13429-196-1 

IRYN-M (medium) 9 	IR13540-56-3-2-1, BR51-282-8, 
IR54, IR13423-17-1-2-1, 
Taichung sen 10, IR42 

Observational-irrigated 
IRON 0 IR13538-48-2-3, Chianung sen 

yu 13, 32-Xuan-5-C, IR9698-
16-3-3-2, C1321-9, C1322-28, 
IR9830-26.33, IR13240-108-2-
2, MRC603-303 

IRARON (arid regions) e Several Giza lines, IR 129-209-
2, 1R9129-320-3-3, 1R19746-28 
2-2, IR8608-298-3, IR19819-
31-2-3 

Yield-rain fed 
IURYN (dryland) * 	IR5931 -110-1, 1R6115-1-1-1, 

UPL Ri-6, IR43, IET4094, 
IR52 

IRLRYN (wetland) 9 IR14632-2-3, IR14753-49-2, 
BR4, IR13146.45-2-3, BR51-
2C248, JR46, IR4819-77-3-2, 
IR10781-75-3-2 

ObservetIonal-rainfed 
IURON (dryland) * IR9761-19-1. IR19793-25-2-2, 

IR9256.69, ITA175, ITA235, 
UPL Ri-3, IR10004-3-1, IR129-
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Nursery 	 Promising entries 

79.24-1, IR6023-10.1-1,
IR3794-9-2-3, 1AC1246,
R10110-23-1, IR5440-1-1-3 

IRLRON (wetland- * IR2987-13-1, IR3179-25-3-4, 
early group) IR5853-198-1-2, IR13146-13-3

3,IR3880-10, IR8608-82-1-3, 
IR9698-16-3.3 

IRLRON (wetland- e IR10781-143-2-3, IR13358-16
medium group) 	 3-2, 1R13369-86-2-2, 1R46, 

IR14497-15-2. 1R14753-86-2,
1R4819-77-3s ., IR4829-89-2,
IR14875-98-5, IR19083-22-2-2, 
IR19256-88-1 
BKNFR76001-36-4-2, GEU77057
1-1, HTA7403-110-1-5, 
SPR7292-151-2-1Srs cenn 

Stress screening 
IRCTN (cold) * JC99, Shin-ei, Fuzi 102, Jodo,

Eiko, China 1039, K39-6-1-1
2, K143-1-2, IR19743-46-2-3, 
IR19746-26-2-3, IR9224-KI, 
IR9758-K2, IR0202-5-2-2 

Problem soils 
IRSATON (salinity * Salinity - IR8236-B-B-336 
and alkalinity) Alkalinity - IR4227-28-3-2, 

IR4432-28-5 
Acid sulfate e IR1632-93-2-2, IR46, IR36 
Acid dryland o 82433b-Kn-lO, Salumpikit, 

ITA1 16, 0. glaberrima (BG187) 
Iron toxicity 4 BW100, IR4625-269-4-2, 

IR4683-64-2-2 
Peat soils e IR34, 1R52, IR2071-685-3-6 
Diseases 
IRBN (blast) 9 Fukunishiki, IR1905-PP11-29

4-61, IRAT104, Titep, CIAT-
ICA5, Camponi SML 

IRTN (tungro) e 	ARC10342, ARCl 1353, 
ARC11554, Utri Merah, (Itri 
Rajapan 

IRBBN (bacterial * RP633-76-1, RP633-519-1, 
leaf blight) IR4442-46.3-3, IR13423-17-1

2-1, IR920948-3-2, 1154, IR20 
Brown spot * B2360w6-7-1-4, Cica 8, 1R54, 

IR4227-28-3-2, RP1045-60 
Cercospora * IR13149-43-2, IR15318-2-2, 

IR4568.66-1 
Sheath rot a IR19762-2-3, IR9209-181-3 
Leaf scald * IR8192-200-3, IR5853-18-2 
Pegged stunt e Murungakayan 101 
Insects 
IRBPHN (brown e BG367-9, BG379-4, PTB33, 
planthopper) Sinna Sivappu, Suduru 

Samba, IR15324-117-2-2-3, 
IR17488-2-3-2, 1R19660-46-1
3-2, IR19661-150-2-2-2, 
IR1342740-2-3-3 

Yellow stem borer * 	Vegetative stage - CO 18, 
CO 21, MTU15, W1263, W1263 
Flowering stage -W1263, 
IR15795-151-2 

Leaf folder * 	IR13429-170-3, IR9209-26-2-2, 
TKM6 

http:IR9256.69
http:IR9830-26.33


analyzed and many new promising entries were 
identified (Table I). All these superior entries are 
freely available to national rice improvement pro-
grams. Details of entry performance in different 
nurseries are in individual nursery reports. 

Some of the disease and insect nurseries (BPH, 
gall midge, blast, RTV, bacterial leaf blight) con-
tinue to provide significant information on the 
genetic variation in biotypes and pathotypes. 

Fifty-six IRTP entries originating from the 
breeding programs of seven countries and from 
IRRI have been released to date to the farmers -n 
30 countries in Asia, Africa, and Latin America. 
Recent varieties named are in Table 2. 

Several hundred entries were utilized in hybrid-
izationi programs in different countries and at 
IRRI to improve specific agronomic traits or to 
inlcorporate resistance to specific stresses. 

MONITORING TOURS 

The 1982 monitoring tours focused on cold toler-
ance, dryland rice, and rainfed wetland rice. 

Cold tolerance breeding materials and interna-
tional nurseries were reviewed in India (Kashmir 
and Himachal Pradesh states), Nepal, Korea, and 
Philippines. Strategies were formulated for inter-
national collaboration. 

Scientists from Latin America and Asia joined 
rice researchers in Africa to review dryland rice 
improvement efforts in Nigeria and Ivory Coast. 

Table 2. IRTP entries named as varieties in three coun-

trie, 190-1_____,1__0-_1,_ 
Country Culture 
where type Varieties 
Brmad dtemperature. 

Burma Dryland C22 (Yar-1), KN96 (Yar-2), 

KN 17(Yar-3), IR1529-A 
6807(Yar-), IRY=
680-3 (Yar-5) 
BKN6986-108-3 (Yenet-1).

Deepwate, 
BKN6986-167 (Yenet-2) 

India High HPU734 (Himalaya-I), 
(Himachal altitude Pusa 33-C-30 (Himalaya-2) 
Pradesh) 


Nepal Rainfed IET1444 (Bm,,deswari) 
Irrigated Mala/J15 (Mallika) 
(early) 

High IR3941-4-PLP-2B (Kan-
altitude chan), IR2298-PLPB-3-2 

(Himali) 

This monitoring tour preceded an international 
workshop on dryland rice held at Bouake, Ivory 
Coast, in October. The diverse problems in devel
oping better dryland rices on the three continents 
were compared. Plans were made to give more 
attention to germplasm adapted to the more 
difficult dryland rice environments, specifically 
areas with short growing seasons or poor soil, or 
both. 

The problems of the vast areas of rainfed 
wetland rice in northeastern Thailand and eastern 
India were the target of another monitoring tour. 
The need for improved photoperiod-sensitive vari
eties was highlighted and greater international 
efforts were outlined in several group discussions. 

RICE-WEATHER RELATIONSHIPS 

IRTP irrigated yield trials for rices of early 

maturity were conducted during 1976-81 in 40 
environments. The field data were analyzed to 
determine the relationship of grain yield to solar 
radiation and minimum and mean temperature 
during the I-mo ripening stage after flowering. 

Correlation between radiation and temperature 
within the same physiological stage was minima! 
during ripening. A decreasing relationship of yield 
with temperature at ripening was strongly eviden' 
with an additional indcation of a curvilinear 
relationship. Simple and partial correlation analy
sis, coupled with regression methodology, showed 
that correlations were higher during the ripening 
tat wel ation n
were ing 

stage when both solar radiation (RAD) and min
imum temperature (MINT) were included, and 
that a quadratic polynomial model best handled 
the curvilinear relationship between yield and 

The relationship is estimated as: 

36.8 + 0.00462 RAD - 2 .73 MINT + 0.0516(MINT), 

where Y is predicted yield. Replacement of MINT 
with mean temperature (MEANT) during ripening 

resulted inthe estimated prediction equation:
 

Y= 83.3 + 0.00607 RAD - 5.68 MEANT + 0.0970 
(MEANT)" 

Overall, the residual standard deviation with mean 
temperature was 0.51 t/ha, whereas it was 0.46 
t/ha with minimum temperature. 
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I These studies will continue with more systematic 
data-gathering from selected sites representing a 
wide range of combinations of solar radiation and 
temperature at flowering and ripening stages of the 

crop. 

ASIAN DRYLAND RICE ENVIRONMENTrS 

Asian farmers grow dryland rice on 11.5 million ha..._ 
in widely varying environments. Differences in 

growing season length and soil constraints will 
require improved dryland rices with a range of 

characteristics suited to specific locations. Toachieve a better understanding of their distribution 

and importance, dryland rice environments must 
be differentiated. 

The region's dryland rice was divided into four 
major ecosystems (Fig. I). The most favorable 
environments, those with a rainy season of 5 or 
more months and relatively good-quality soils, 
account for 15% of the total. The largest ecosystem 
(33%) includes a long rainy season and relatively 
poor soils and is most commonly found in Indo-
nesia and southwestern and northeastern India. 
Environments with a short rainy season and poor 

Lm~nted(e 
, ,,oles 

ho )37r i°la 
SW8Nn a(08), 

ieo (08),
&grrl (0.6) 
Vietnam(041,
Thaiond
I(0.3), 

LO Os ,03)
Konlucheo(02), 
PJahInes (02) 

LoN fee 

172 milionha (15/.)
t E a SW !r,"f 6 ) I ,oIodeshO5), 

(03)E 

Phraes (02f 

Shoirffertile 
317nmillonho (27%) 
L.Ind,o (28), 

BoNGdesh (02) 

Soortentder, 
2.91mio ho(25)E India(1.8)p 

Thond (0) 
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1.Asian drylantd rice was classified into four major ecosystems 
according to the length of the fainy season and soil fertility. 
IRRI. 1982. 

soils are also common (25%) and the most difficult 
areas for dryland rice improvement. 

This classification system serves an accelerated 
dryland rice improvement effort targeted to each of 
the major ecosystems. The international dryland 
rice observational and yield nurseries are being 
further reinforced to meet the requirements of the 
different ecosystems. 
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EXCHANGE OF GERMPLASM 

In 1982, 8,124 seed packets of improved breeding 

ines and varieties were sent abroad in response to 
frm ntioal170 eedreqest rogam cietiss. 

170 seed requests from national program scientists. 
The International Rice Testing Program (IRTP) 
provided another 53,315 seed packets of IRRI 
breeding lines and varieties to national programs in 
response to 1,334 requests. 

The germplasm bank provided 26,403 seed sam-

pies of germplasm accessions in rsponse to 445 

requestsIn 
bank also sent 417 seed packets of wild rices to fill 

restes20nrequs snd413 seed sames of geetic f 
20 requests and 138 seed samples of genetic testers
and mutants to fill 18 requests. 

IRRI LINES NAMED IN NATIONAL PROGRAMS 

IRRI breeding lines were tested worldwide in 
various growing environments. During 1982, na
tional programs named seven IRRI breeding lines 
as varieties, bringing the number overall to 117. 
These varieties arc now plarted on more than 30 
million ha in Asia, Africa, and Latin America. The 
following were named in 1982. 

* 1R2061-214-3-8-2, a multiple disease- and 
insect-resistant and early-maturing selection, 
was recommended in Cameroons. This is the 
same line which was earlier released by IRRI 
as IR28 in 1974. It has also been recommended 
in the Philippines, Indonesia, Burma, Bangla-
desh, China, India, and Egypt. 

" IR2070-199-3-6-6, a multiple disease- and 
insect-resistant sister line of 1R38, was released 
in Vietnam as NN8A. 

• 	 IR2071-586-5-6-3, released as IR42 in Philip-
pines, Indonesia, Malaysia, Kampuchea, and 
Nigeria, was recommended as NN4B in Viet-
nam. In addition to its multiple disease and 
insect resistance, IR42 has multiple tolerance 
for several problem soils, especially acid sul-
fate soils. 

" IR4570-83-3-3, earlier released in the Philip-
pines as IR48, was recommended in Vietnam 
as NN5B. This variety is also suitable for 
growing on acid sulfate soils. 

" IR3941-4-Plp 2B, a cold-tolerant line, was 
recommended as Kanchen for the hill zone of 
Nepal. 
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e 	1R229'-PIP 53-2, a cold-tolerant line, was 
reconm'enci.l for the hill zone of Nepal asHimali. 

*iRi 9 
IR13429-109-2-2-1 was named IR56 for coun
trywide planting by the Philippine Seedboard. 
This variety matures 2-3 d earlier than IR36 
(Fig. i) but has the same yield potential. It has 
long, slender, and translucent grains with high
amylose content, low gelatinization tempera
ture, and high milling recovery. 
the Phiiin restntalh 
the Philippines, IR56 is resistant to all the 

major diseases and insects such as blast, bacterial 
blight, RTV, RGSV, GLH, and three BPH bio
types. The main superiority of IR56 over IR36 isits
higher level of resistance to RTV and its resistance 

to three BPH biotypes. It has the Bph 3 gene for 

resistance to BPH, whereas 1R36 has bph 2. IR56 
should help diversify the genetic base of improved 
materials being grown in Asia. 

BREEDING OPERATIONS 

After a rapid growth in the early 1970s, when new 
plant breeding positions were added, the volume of 
the plant breeding programs has stabilized at the 
level shown in Figure 2.During 1982, 4,188 crosses 
were made, 1,003 F2 populations were grown, 
102,397 pedigree nursery rows were planted, and 
61,439 seed packets of IRRI breeding lines and 
varieties were sent abroad. 

Progress indeveloping improvA germplasm for 
specific growing conditions During 1982, the 
breeding programs were reorganized to develop 
improved breeding materials for each type of rice 
culture with specific problems. The breeding pro
grams for irrigated, dryland, and deepwater en
vironments will continue to operate at about the 
same level. However, rainfed wetland environ
ments are ver) diverse and have been subdivided 
into several major categories: 

o rainfed, shallow drought-prone, 
* 	rainfed, shallow submergence-prone, 
* rainfed, shallow drought- and submergence

prone, and 
* 	rainfed, medium-deep waterlogged. 
Varietal requirements for each of these situa

tions are quite different. Because these growing 
conditions do not occur in the Philippines, segre
gating early-generation materials, if grown here, 



1.IR56, the newest variety released by the Philippine Seedboard, is the first MV with resistance to all known biotypcs olIIPH. 

cannot be exposed to appropriate stresses. There-

fore, a series of collaborative projects are being 
developed with the countries where large areas of 

different rainfed wetland types occur. The objec-
tive is to develop the materials suitable for these 
areas collaboratively with the national program 

scientists. The deepwater breeding program for-
merly located in Thailand has been moved to 

IRRI. However, close collaboration with the Thai 

deepwater program will continue and collabora-
tion with the deepwater rice breeding programs in 

Bangladesh and India v.'llbe strengthened. 

RICE IMPROVEMENT FOR DIFFERENT 
CONDITIONS . INTEGRATED GEU PROGRAM 

Irrigated rice. The breeding program for irri-

gated conditions continued to emphasize the de-

velopment of early-maturing rices with multiple 

disease and insect resistance, high yield potential. 

and superior grain quality. Of 907 crosses made for 

irrigated conditions, 457 were single crosses and 
450 eretoproses.,, opuatins fom 83 om-

450 were topcrosses. F,populations from 583 com-
binations were grown and 65,270 pedigree nursery 

rows were planted during the year. The pedigree 
nurseries included F, to F8 breeding lines. As 
usual, the F., populations and pedigree nursery 
rows were grown without insecticide protection. 
This allowed the early discarding of many sus
ceptible genotypes. 

Eight hundred and five advanced generation 
breeding lines in replicated yield trials were eval

uated. Their growth duration varied from 95 to 145 

d. A vast majority of the entries, however, had a 

short growth duration (100-110 d) and multiple 
resistance to major diseases and insects. For the 
first time, there was a large number of entries with 

intermediate amylose content in the replicated 
yield trials. 

The IRRI Agronomy Department evaluated 22
promising lines in N response trials at four loca

tions in the Philippines. The results of these trials 

we tnd
wetland rice performance trials conducted at 12 

a o ine th agone mhar ct s se c

tion of this report. 

Thirty-fou re 
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es 
mn i 
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locations throughout the Philippines by the Rice 
Varietal Improvement Group of the Philippine 
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2. Growth of the IRRI breeding program, 1975-82. 

Seedboard. The seedboard uses data for two or 
more seasons to recommend varieties for growing 
in the country. IR56, as discussed earlier, was 
approved for general cultivation throughout the 
country and large amounts of seed are being 
multiplied. The Rice Varietal Improvement Group 
also recommended the prerelease seed multiplica-
tion of five additional lines. 

" IR9752-71-3-2, an early-maturing line with 
short growth duration and 100-d maturity, has 
excellent medium, long, and slender grains 
with excellent milling recovery. It has a very 
high yield potential - 4-6 t/ ha during the WS 
and 7-8 t/ha during the DS. 

" IR9729-67-3, maturing in 100 d, has out-
yielded all the other early-maturing lines in 
many trials. It has medium, long, and slender 
grains. 

" IR13429-299-2-1-3, a sister line of IR56 and 
resistant to three BPH biotypes, matures in 
110 d and has excellent long, slender grains 
with strong grain dormancy. 

" IR13525-43-2-3-1-3, maturing in 115-120 d, 
has excellent long, slender grains and is resis-
tant to three BPH biotypes. 

" IR19672-140-2-3-2-2, maturing in 130 d, has 
long, slender, and translucent grains and is 
.esistant to three BPH biotypes. 

142 IRRI ANNUAL REPORT FOR 1982 

important characteristics ofthese five and 

other new promising lines are in Table 1. 
Cold-tolerant rice. Efforts have been made over 

several years at IRRI and by the national rice 
improvement programs to incorporate the various 
:told tolerance characters into the modern varieties. 
During 1982, emphasis was put on combining low 
leaf discoloration and high spikelet fertility into 

high-yielding indica rices. Japonicas were used as 
donors of low leaf discoloration and indica rices as 
donors of high spikelet fertility. 

for the cold toleranceA total of 433 crosses 

program were made. Of these, 238 were single 
crosses and 195 were topcrosses and double crosses. 
F2 populations from 151 cross combinations were 
grown and 7,030 plants were selected based primar

ily on plant type and maturity. Pedigree nurseries 
of F3 and later generation lines were grown at IR RI 
as well as at Banaue in the Mountain Province of 
northern Luzon. 

F2 populations from 58 cross combinations were 
grown at Banaue and 362 plants with less leaf 
discoloration and high fertility were selected. A 
total of 2,907 pedigree nursery rows were grown at 
Banaue and 426 plant selections were made. 

Nine hundred and ten advanced breeding lines 
and introduced varieties were evaluated at Banaue 
in the observational nurseries including the inter
national rice cold tolerance nursery. 

Of 51 improved plant type breeding ines which 
were evaluated in the OYT, nine with high-yield 
potential were identified (Table 2). IR8866-30-3-1
42 yielded 8.5 t/ ha. It has medium growth duration 
and semidwarf stature. IR2061-522-6-9, IR15579
135-3, and IR9202-33-4-2-1 yielded more than 6 
t/ha. These improved plant type breeding lines 
yielded 2 to 3 times more than the local check 
variety (Onoy) and had low spikelet sterility. 

Rainfed wetland rice. Several IRRI rainfed 
breeding lines have performed well at IRRI and in 
international nurseries (Table 3). They are moder
ately tolerant of drought and submergence and are 
highly resistant to insects and diseases. Most have 
intermediate stature and good lodging resistance. 

Drought and submergence tolerance. Further 
work in the rainfed wetland program will focus on 
incorporating drought and submergence tolerance 
into productive plant types with disease and insect 
resistance. Tall varieties are grown in many rainfed 



Table 1. Some promising breeding lines with multiple attributes suitable for irrigated wetland culture. IRRI, 1982. 

Growth 
Designation Cross duration 

(d) 

IR9729-67-3 BG34-8/IR28I1R2071- 98 
625-1-252 

IR9762-71-3-2 IR28IKwang-chang-Ai// 99 

IR36
 

IR13429-299-2-1-3 IR4432-53-33/PTB 33// 107 

IR2071-625-1-252 

IR13525-43-2-3-1-3 PTB 33/1R301/IR36 116 
IR19672-140-2-3- PTB 3313 1R4432-53-311 135 

2-2 IR4432-53-3 
IR19743-46-2-3-3-2 IR9129-192..2-3// 95 

IR10176-79 
IR21015-80-3-3-1-2 Batatas/IR2071-625-1 115 
IR21820-154-3-2-2 IR1529-680-3-2/IR4432- 130 

52-6-4//IR7963-30-2 
IR21848-65-3-2-2 IR4570-124-3/1R4432-52- 132 

6-4//I R4570-124-3-2 
IR22082-41-2 IR5853-162-1-2-3/1R5657- 130 


33-2
 
IR25603-20-2-1-3-2 IR19660-73-4/tR4570- 128 


124-3-2-2-2 
IR25861-153-1 BPI121-407/1R7963-30-2// 110 

IR9129-209-2-2 
IR28128-45-2 0936/IR10154-23-3-3/ 105 

IR9129-209-2-2-2-1 
IR28210-96-4-3-3 IR19657-37-3/1R2588-2-3- 107 

3//I R9129-209-2-2-2-1 

aScoring based on 1980 SES for Rice. 

Table 2. Cold-tolerant lines from the OYT at Banaue, 
1982 DS. 

Yield Flowering Height Sterility
Designation t/ha) (d) (cm) (%) 

IR8866-30-3-1-4-2 8.5 124 78 16 
IR2061-522-6-9 6.7 125 91 12 
IR15579-135-3 6.0 124 112 18 
1R9202-33-4-2-1 6.0 126 105 18 
IR9202-5-2-2-2 5.8 115 86 15 

IR5853-118-5 5.7 124 78 17 
IR3880-17 5.4 127 104 10 
IR5716-18-1 5A 127 84 17 
B29806-Sr-2-1-1-1 5.0 120 84 6 
Onoy (local check) 2.7 117 109 23 

areas. They can often escape submergence because 
oftheir height and fast seedling growth. In breeding 
shorter, more productivc rices, the ability to toler-
ate complete submergence for up to 10 d will 
become an important trait. 

Submergence tolerance can be effectively incor-
porated into semidwarf or intermediate-height 

Reaction to8 BPH 
Amylose biotype 
content BEast Bacterial RTV RGSV GLH 

%) blight 1 2 3 

26 6 1 3 1 3 1 1 7 

26 2 1 3 1 3 1 1 7 

26 4 1 3 1 3 1 1 1 

26 4 1 3 1 3 1 1 1 
27 7 1 3 1 3 1 1 1 

26 3 1 3 1 3 1 1 7 

27 4 1 3 1 3 1 1 7 
24 6 1 3 1 3 '1 1 7 

23 6 1 1 1 3 1 1 7 

23 7 1 1 1 3 1 1 7 

25 7 1 3 1 3 1 1 1 

21 5 1 1 1 3 1 1 7 

22 5 1 3 1 3 1 1 7 

23 7 1 3 1 3 1 1 1 

plant types. Several tall varieties with strong 
submergence tolerance such as FRI3A, FR43B, 

and Kurkaruppan have been used in the breeding 
program at IRRI and in the Thai-IRRI collabora

tive program as donors of submergence tolerance. 
As a result improved lines, such as IR6402-OT-7-0
0 (FR43B/IR2035-290-2-3) and IR8234-OT-9-2 

(Nam Sagui 19/1RJ721-ll//R2061-213), have 

been developed. These lines are being used as 
improved donors of submergence tolerance in the 

breeding program. Screening for submergence 
tolerance begins in the F2 with transplanting of 
surviving plants in the field. 

Populationimprovement. One of the difficulties 
encountered in breeding for rainfed-wetland condi
tions is in incorporating the large number of traits 
required into one genotype. Rainfed cultivars 
require, in addition to high yield potential and 
resistance to insects and diseases, resistance to one 
or more environmental stresses. Progress is ham
pered by the difficulty of combining all the charac-
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Table 3. Some promising breeding lines with multiple attributes suitable for rainfed-watiand culture. IRRI, 1962. 

Designation Cross Height 
(cm) 

IR4819-77-3-2 IR 1737-19-7-83//I R480-6-9-3/ 110 
IR 1514A-E588//BRJ1 -13-8-10/ 
IR 1487-194-5-1 

IR10781-143-2 BG90-2/IR44 110 
IR13146-45-2-3 BG90-2/IR34//IR46 115 
IR13369-86-2-2 IR36/BG90-2//IR42 120 
IR13564-95-1 Sigadis/IR42 2 115 
IR14632-2-3 IR44/IR46 120 
IR14753-49-2 IR4683-54-2/IR46 110 
IR14875-98-5 IR4816-70-1/IR46 120 
IR19083-22-2-2 Bhadoia 685/IR4227-24-3-1//IR44 110 
IR19431-72-2 IR4704.123-3/1 R42//I R46 110 
IR21313-39-3-2 IR 1754-F5 B-23/1 R4219-35-3- 120 

3//1IR52 

aR = resistant, MR = moderately resistant, S = susceptible. 

ters in one cross, and adverse genetic linkages may 
inhibit recovery of desirable recombinants. Male 
sterile-facilitated composite crossing and recurrent 
selection are techniques designed to overcome 
these difficulties. 

Crosses for the rainfed wetland population 
IR38499 were made in 1979 and 1980 (Table 4). 
Intercrossing was facilitated by harvesting seed of 
male-sterile plants. The cjmposite has been inter-
mated for three generations and is ready for 
population improvement. Initial selection will focus 
on improving plant type and increasing the resis-
tance to common diseases and insects. More elabo-
rate schemes may be needed for increasing the 
levels of .'cught and submergence tolerance in the 
population. The population should serve as a valu-
able source of germplasm for national programs. 

Additional populations are now being devel-
oped for specific objectives. The composite cross 
IR38499 is photoperiod insensitive, and intermat-
ing is accomplished in the field. In many rainfed-
wetland areas, photoperiod sensitivity will be pre-
ferred. The photoperiod-sensitive rainfed-wetland 
populations will be intermated through the RGA 
facilities. Efforts are being made to diversify the 
cytoplasm of the populations by using plants 
heterozygous for the male-sterile genes as male 
parents. Backcrosses and topcrosses are used to 
reduce the percentage of IR36 germplasm in the 
populations. 
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Growth Reaction8 to 
duration Bacteriai BPH biotype GLH 

(d) blight 
1 2 3 

120 R R S R R 

115 R R R R MR 
125 R R S R R 
100 R R R S MR 
120 R R R S S 
125 R R R R MR 
120 R R S R R 
125 R R R R S 
130 R R R S R 
130 R R R R MR 
120 R R R R R 

Population improvement is generally regarded 
as a long-term approach to breeding. Many na
tional programs may not have the time and re
sources to devote to this type of program. Col
laboration between IRRI and national programs, 
however, should assist in developing populations 
with wide adaptability for rainfed conditions and 
ensure a continued supply of improved germplasm 
to these programs. Figure 3 illustrates how data 
collected by national programs can be usea to 
select parents for succeeding cycles of recurrent 
selection. 

Thai-IRRlcollaborativebreedingproject. More 
than 3 million ha of rainfed areas of northeastern 
Thailand are planted to tall, photoperiod-sensitive 
varieties. Yields average slightly more than I t/ ha. 
The government-recommended varieties for these 
areas generally have low to moderate yields and are 
susceptible to diseases and insects. Future breeding 
efforts must focus on breeding varieties that re
spond to moderate levels of fertilizer and are 
resistant to the common pests and diseases, partic
ularly gall midge and bacterial blight. It will be 
important to maintain the photoperiod sensitivity 
of the local varieties to ensure flowering at the 
proper time after the rains stop. 

The collaborative program between IRRI and 
Thailand has been expanded. At IRRI, crosses 
were made between the Thai varieties and breeding 
lines and donors for submergence tolerance and 



Table 4. IR croses to make the rainfed wetland compos

ite population IR38499. IRRI, 1979-80. Cycle I Infermoting 

IR no. 

IR27594 
IR27506 
IR27601 
IR27602 
IR27603 
IR27604 
IR27610 
IR27612 

R27614 


IR29888 
IR29894 
IR29895 
IR29904 
IR29905 
IR29906 
IR29907 
IR29909 
IR29913 
IR29914 
IR29915 
IR31942 
IR31943 
IR31945 
IR31949 
IR31950 
IR31951 
IR31952 
IR31957 
IR31958 
IR32122 
IR32124 
IR32131 
IR32138 
IR32139 
IR32140 
IR32146 
IR32147 
IR32148 
IR32149 
IR32150 
IR32151 
IR32152 
IR32153 
IR32154 
IR32155 
IR32156 
IR32157 
IR32158 
IR32159 
IR32165IR32172 

IR32173 
IR32178 
IR32181 
IR32182 
IR32195 

Parentagea 

IR36(ms)/IR32 
IR36(ms)/IR42 
I R36(ms)/lR457)-74-2-2-3-oplaio 
IR36(ms)/IR4570-83-3-3-2 
IR36(ms)/IR4608-6-2 
IR36(ms)/IR4683-54-2 
IR36(ms)/Mahsuri 
IR36(ms)/T442-57 
IwR36(.s)/X69-2-27-2 
IR36(ms)/RPW 6-17 
IR36(ms)/IR9782-111-2-1-2 
IR36(mr)/IRI 1248-13-2-3 
IR36(mi)/BR4 
IR36(ms)/BR5 
IR36(ms)/BR51-196-2 
IR36(ms)/BR 116-3B-28 
IR36(ms)/BR161-2B-42 
IR36(ms)/IR2071-863-1-1-6 
IR36(ms)/IR 13464-75-1-1 
IR36(ms)/I R9884-3-3 
IR36(ms)//IR36(ms)/I ET 3257 
IR36(ms)//IR36(ms)/IR32 
IR36(ms)//R36(ms)/lR42 
IR36(ms)//IR36(ms)/IR4219-35-3-3 
IR36(ms)//lR36(ms)/lR4570-74-22-3-3 
1R36(ms)//1R36(ms)/IR4608-6-2 
IR36(ms)//lR36(ms)/R4683-54-2 
IR36(ms)//lR36(ms)/T442-57 
IR36(ms)//1R36(ms)/X69-2-27-2 
IR36(ms)/l1R2O
IR36(ms),'545-339-2-2 
IR36(ms)/iR4744-295-2-3 
IR36(ms)/IR9703-41-3-3-1 
IR36(ms)/IR9761-8-2
IR36(ms)/IR9764-45-2-2 
IR36(ms)/IR13426-19-2 
IR36(ms)/IR13526-42-2-2 
IR36(ms)/IR13635-8 
IR36(ms)/IR13635-38 
IR36(ms)/lR13l3-37 
IR36(ms)/IR13639-42 
IR36(ms)/IR13641-3 
IR36(ms)/IR17491-5-4-3-3-1 
IR36(ms)/IR17494-32-2-2-1-3 
IR36(ms)/IR19362-174 
IR36(m)/IR19362-183 
IR361ms)/IR19657-87-3-3 
IR36,ms)/IR19660-23-2-1 
IR36(ms)/IR19661-131-1-2
IR36(ms)IBG400-1IR36(ms)/IR5 

IR36(ms)/IR24 
Itf36(ms)/IR4432-28-5 
IR36(ms)/IR9764-45-2-2 
IR36(ms)/IR1 1248-131-3-2-2 
IR36(ms)/RP1064-2-2 

ams =male sterile. 

S bulk 

F Sie enn 
R 

Pedigree nursery Pedigree nursery 

Cycle " Inermoting 

3. Scheme showing population improvement with testingat the 
national level. 

disease and insect resistance. The Thai parents 
have excellent grain quality (both glutinous and 

nonglutinous) and adapt to the conditions of the 
Northeast including photoperiod scnsitivity. 

F2 populations will be grown in Thailand and 

selected for the proper photoperiod sensitivity. F, 
populations will be grown at IRRI and screened 
for resistance to diseases and insects and grain 

quality characteristics. Seed harvested from the F, 
lines will be returned to Thailand for further 
testing. Selection for gall midge resistance can be 

conducted at various "hot spots" in northeastern 
Thailand. Selection for submergence and drought 
tolerance can be conducted at IRRI and in Thai

land. Salinity tolerance will also be important for 
many areas of northeast Thailand, and suitable 
sites exist for screening. 

Rapid generation advance. Use of the RGA 
facility for rainfed rice improvement has been 
expanded. The difficulties with working with 
photoperiod-sensitive materials have limited the 

number of improved sensitive breeding lines being 
developed. More reliance on the RGA facility 

should increase the efficiency of recovering im
proved sensitive lines. 

In crosses involving a photoperiod-sensitive 
parent, the sensitive segregants are identified by 
planting early in the WS (May or June) and 
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selecting the late-flowering plants, or planting late 
in the season (September) and selecting theearliest 
plants. By planting F2 populations in the field, 
nonsensitive plants can be removed early and 
sensitive segregants can be rapidly advanced 
throuj.h the RGA facility. 

Deepwater rice. Hybridization. Although the 
purposes of the 686 single crosses and 726 multiple 
crosses for deepwater rice improvement made in 
1982 varied, the ongoing objectives are the 
following: 

* RDI9 crosses aim at correcting the Thai 
deepwater variety's susceptibility to BPH and 
GLH and its lack of Zn efficiency. Also, earlier 
maturing fines are sought. 

* Chenab 64-117 crosses aim at improving the 
BLB resistance and grain appearance of this 
variety from Bihar, while maintaining or even 
improving its submergence tolerance. 

" IRI 1288-B-B-118-1 has shown good elonga-
tion ability, combined with resistance to GLH 
and RTV in Bangladesh and at IRRI. Crosses 
with this line show good vegetative cover and 
healthy plants. 

" Bangladesh deepwater varieties and fines are 
used widely in crosses with other deepwater 
rices and with MVs available at IRRI. 

Several F1 crosses and bulk F2 potl,ations were 
sent to interested scientists in Asi'. (30 to Thailand, 
109 to Bangladesh, and 91 to Jidia). 

Early-generationselection. The deepwater rice 
breeding program exploits the strengths of the 
IRRI headquarters breeding program incombina-
tion with the capacities of deepwater rice programs 
in Thailand and elsewhere. Strong: selection for 
traits irrelevant elsewhere isavoidd, but universal-

ly relevant traits are selected. 
The various selection schemes (Table 5) used 

featured one or more of the following: 
* The seedbed was planted in a deepwater tank, 

a standard field test for submergence tolerance 
(I m water from 30 to 40 DAS) was adminis
tered, and only those found resistant by their 
survival were transplanted (scheme 2). 

* The nursery was started in February-March to 
allow identification of photoperiod-sensitive 
segregants around July-August. These plants 
were each cloned into 10 tillers, to be retians
planted into a WS field (scl[emes 1,2,and 3). 

* For crosses from which elongating segregants 
were to be retrieved, clones were transplanted 
into a deepwater tank during the WS and 
water was applied at daily increments of 5cm. 
Surviving lines were thee harvested from the 
deepwater tank (scheme 3). 

•In thefield plartings, theabsence of BPH and 
GLH protection resulte. in heavy selection 
pressures of RRSV and RTV (schemes 1,2, 
and 3). 

Even though inly one generation was advanced 
in I yr, surviving plants survived two successive 
selective environments in schemes I and 2, and 
three strongly selective environments in scheme 2. 
Outstanding crosses were IR37058 (C168/ FR43B) 
and IR37449 (IRI7494-32-3/GEB 24) for the 
submergence-screened F2s(scheme 1),and IR37033 
(RDI9/IR9830-27-2-3), IR37026 (RDI9/IR54), 
and IR37025 (RDI9/IR46) for the twice-trans
planted crosses, including those tested in deep
water areas ( cheme 3). These crosses have been 
earmarked for RGA, in addition to continued field 
selection in pedigree. 

Table 5. Numbers of plants and hybrids in three selection schemes for F2 populations of deepwater rice. IRRI, 1982. 

Crosses (no.)
individual plants (no.)F2Scheme 

WS Harvested Planted HarvestedDS DS 

1 Field Field 
8000 (2) 847 (2) 181 38 27 

2 flash flood Field Field 

45000 (1) 14000 (2) 249 (2) 56 20 10 

3 Field Deepwater 
1800 (2) 739 (3) 238 7 7 

aSblection pressures: submergence survival (1); photoperiod sensitivity and disease and insect resistance (2); elongation 

ability (3). 
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Pedigree selection. In 1982, 7,737 pedigree lines IR48// IR42). Though these lines have grains with 
were grown for deepwater conditions and 6,033 red pericarp, they are replacing FRI 3A as sub
lines for flash flood situations. In Thailand, 1,642 mergence tolerance donors in crosses made at 
hines were screened for elongation ability and 340 
for submergence tolerance. 

Parental varieties responsible for good sub-
mergence tolerance in 28 pedigree lines were 
FRI 3A and Goda Heenati. Good elongation ability 
was obtained in 194 lines witb the following par-
ents: BGD5-6-3PE-I, BKN6986-108-2, BKN6986-
167, BKNFR76023, Chakia 59, CN540, CNL J3, 
CNL 241; IRI 1288-B-B-294-1, KLG 69,-105, 
KLG 6986-113-4P; KLG 6986-161-7, KLG6986-
165-', Leb Mue Nahng Ill, NPS7, RDI9, and 
T442-57. 

Promising deepwater lines. Three lines from 
IR 11288 (IR36/Leb Mue Nahng 11!)show prom-
ise by their performance at IRR I, in Thailand, and 
in the IRTP nurseries (Table 6). 

SPR7411-7-2-1 and SPR7411-7-2-2 (Leb Mue 
Nahng AII/PTBI8) have shown very good resis-
tance to RTV at IRRI and good elongation ability 
as well. In addition, they are resistant to BPH 
biotype 1. 

Among many pedigree lines tested in Patna, 
Bihar(India), by Rajendra Agricultural University 
breeders, 24 lines performed well in 80-cm deep 
stagnant water. Two were also outstanding under 
heavy, enhancci natural RTV pressure at IRRI: 
IR18342-73-2.-3 (IR5657-33-2/IR2863-38-1) and 
IR22168-49-1 (B2025C-Mr-30-2-1/IR4219-35-3-
3-2). 

Some MV types with good submergence toler-
ance from greenhouse testing also survived a flash 
flood in Solana, northern Luzon, Philippines, in 
October. 

The best combinations of submergence toler-
ance and modern plant type are shown by IR26702-
25-1, IR26702-25-2, and IR26702-25-42 (FRI 3A/ 

IRR1 to enhance recovery of good plant types. 
Dryland rice. Hyhridization. During 1982, 572 

single crosses, topcrosses, and double crosses were 
made. Nine backcrosses using Azucena, Black 
Gora, IAC 47, Khao Lo, and Knandang Patong as 
recurrent parents were made in the DS. The 
backcross populations (BC1 ) showed poor pheno
typic e.roressions: highly sterile, sprea! .ig culm, 
and highly shattering. They were d1so highly 
susceptible to the virus diseases. 

Among the F, multiple crosses, the best com
binations showing good agronomic traits in the 
progenies were those obtained from topcrosses and 
double ciosses involving advanced breeding fines 
from the drought-resistant breeding materials, 
such as IR41718 (IR8990-3-9-3/IR19743-25-2-2
3//1R6023-10-1-1) and 1R41803 (IRI0110-23-1/ 
C1064-5//IR 10110-23-1/ IR9729-67-3). Generally, 
crosses having IR8990-3-9-3 as the female parent 
produced progenies with desirable phznotypes. 

About 28.4% of the crosses made were designed 
for use by other institutions abroad. Thirty-five 
crosses were made for Bangladesh, 35 for Brazil, 6 
for the International Institute of Tropical Agricul
ture (IITA), 42 for India, and 47 for Thailand. 
Crosses made for Thailand involved specifically 
Khao Dawk Mali 105, its mutant, and Nam Sagui 
19. For India, the parents were Kalakari, Black 
Gora, and Shankal. The BR lines were used for 
Bangladesh. 

Selection. During the 1982 DS, 61 F2 bulk 
populations were grown in a dryland field with 
supplementary irrigation, and another 30 F2 bulk 
populations were grown in a simulated rainfed
wetland culture. About 42 F3 bulk populations 
were selected. 

Table 6. Three promising deepwater rices bred at IRRI. IRRI, 1982. 

Line 
Plant 

height(cm) 

Days to 
flowering 

ElongationO 
ability 

Resistance to 

BLB BPH-1 GLH 

Grain 
length 

Grain 
shape 

Grain 
chalkiness 

IR11288-B-B-65-1 
IR11288-B-B-69-1 

IR11288.B-B-118.1 

130 
130 
150 

90 
b 
b 

5 
6 
6 

2 
3 
1 

3 
3 
3 

4 
3 
5 

Mad 
Mad 
Long 

Slender 
Slender 
Slender 

Clear 
Medium 
Medium 

aScoring based on the 1980 SES for Rice.bPhotoperiod sensitive. 
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During the WS, 210 F2 bulk populations were 

grown and 150 F3 bulk populations selected. 
During the seedling pulling in the WS, selection 

for deep and thick roots among F3 populations 

started at 21 DAS and before transplanting. Some 

of the F,3 bulk pcpulations that showed very deep 

and thick roots were IR30773 (IR3880-13-7/ 
IR13639-42/ / IR6016-20-1), IR30834(IR 13639-42/ 

KhaoLo//KhaoLo),andR34338(63-83/IR13
2 40-

83-1). Crosses that involved either Khao Lo, 63-83, 

Moroberekan, or the prngenies of thick-rooted 
dryland varieties showed a high frequency of 
progenies with thick and deep roots. On the other 

hand, crosses of IR30808, IR34346, and IR34347 
produced many plants with deep but thin roots. 
These crosses did not involve thick-rooted parents. 

Selection for desirable agronomic traits were 

then made at maturity. Of the 150 bulk F: 

populations, 1,183 plants were selected. Visual 

observation showed that the plants preselected for 

deep and thick roots were generally taller, and had 

a thicker and spreading culm and other features 

closer to those of the traditional parents. Refined 
studies on the selection method for deep and thick 
roots will be continued. 

Yield trials.The yield trials of dryland breeding 
lines were divided into three groups to accom-
modate 160 entries. The most promising lines were 

in group A of 40 entries, replicated four times in 
I0-m2 plots. Groups Band C consisted of 60 entries 

.. . . )IR4 

each, replicated twice in 5-M2 plots. The trials were 
conducted in a farmer's field at Santo Tomas, 

Batangas, and at two sites of the IRRI farm. 
The crop grown at Santo Tomas did notL-

encounter prolonged moisture stress. Heavy in

festations of armyworms and cutworms at the 

reproductive stage lowered the yield of most 
entries. The intermediate-to-tall plants also lodged 

heavily after the typhoon of 9 Sep. The late

maturing semidwarfs (120-130 d) showed slight 

leaning and escaped the damaging effects of 

lodging. However, a heavy sheath blight infesta-

tion followed with the occurrence of frequent
 

rainshowers. 

For group A, the yields ranged from 0.4 (1R5440

1-1-3) to 3.9 t/ha (I R43 - a good recoverer). The 
promising line 1R3839-I yielded 3.3 t/ha and per-

formed well in regional yield trials of the Philippine 
Seedboard. Another promising line, IR 12721-24-
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3-1 (IR2735-F 3B-6-2/IR9575/ /B541B-KN-19-3-4), 
which matures in 130 d, yielded 2.9 t/ha. It has 

good drought resistance and good recovery ability. 
For group B, the yields ranged from 0.3 to 2.7 

t/ha. IR3880-10 was the highest yielder, it was 

followed by an IR9669 selection (2.6 t/ha). The 

check variety IR45 yielded 2.3 t/ha. 
For group C the yields of the test entries ranged 

from 0.6 to 2.6 t/ha, with the check variety IR43 

again yielding the highest (3.0 t/ha). Some prom

ising lines included IR7812-16-1-4 (IR879-314
2/63-83//IRI754-F.,B-14),lR13754-5(IR3880-10/ 
IR2823-179-5-4), and TOX 515-58-NK5-NIb, a 

breeding line from IITA (2.3-2.6 t/ha). 
At the wet and fertile site on the IRRI dryland 

farm, moisture stress occurred at frequent intervals 

throughout the crop season (Fig. 4). Full heading 

was delayed by 10-20 d. The yields were lower 

because of the drought during the seedling, vegeta

tive, and reproductive stages (Fig. 4). Grain shat

tering and lodging due to the typhoon on 9 Sep 

caused further yield reductions. 
For group A, the yields ranged from 0.5 

(1R13759-10) to 2.8 t/ha (IR12979-24-1). IR3839

Y,eld(/ho) 
2.4 R3889- H M 

23 R6115-1-1

14 IR12724-3-1 

28 R14-1 
3 

19 I
 

Roinfoll (mm)
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m 

1o 

80 

60 

40 , 

20 

Jun Jul Aug Sep Ot 
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4. Rainfall distribution, drought spell, growth duration, and 
yield of five rices at the IRRI dryland farm. 1982 WS. 
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1, IR6115-1-1-I, and IR12979-24-1 seemed to 

perform well under intermittent 6tress periods, 

Their yields were comparable to that of the early 

check variety UPL Ri-7 (2.7 t/ na). 
In group B, the yields ranged from 0.4 to 2.5 

t/ha. The highest yielders were the check variety 

UPL Ri-7 (2.5 t/ha), followed by an IR9669 

selection (1.8 t/ ha). 
For group C yields of the test entries ranged 

from 0.1 to 1.4 t/ha. The check varieties IR43 and 

UPL Ri-7 yielded 0 7 t/ha and 1.8 t/ha, respec-

tively. 
The yield differences among the check varieties 

in the trial groups could be attributed to the 

variation among blocks within locations. Because 

of plot size differences, no statistical analysis was 

made to confirni the variation among groups. 
Yield comparisons of promising breeding lines 

from group A grown in the farmer's field in Santo 

Tomas and at the IRRI dryland farm are in Table 

7. The 27% yield difference of IR3839-1 between 
thatlocations was due to the 9 Sep typhoon 

occurred at the soft-dough stage (Fig. 4). 

IR12979-24-1, a selection from IR3179-25/ 
2

Kinandang Patong//I R26///IR879-31 4 - , which 

has a mean yicld of 2.5 t/ ha, performed better at 

the IRRI farm in spite of the short dry spell before 

heading. The line has good level of resistance to 

both drought and blast. It has an intermediate-

amylose content of 26%. The lower yield at Santo 

Tomas could be attributed to poor seedling estab-

lishment and to waterlogging in some plots shortly 

after sowing. 
Generally, among the test entries, IR12979-24-1 

and IR6115-1 -1-I shower, the least yield variation. 

Thec'ieckvariety UPL Ri-7 showed thesameyield 
performance at the two locations while the check 

variety IR43 yielded 52% less on the IRRI farm. 

Combined analysis of variance showed significant 

yield differences among replications within loca

tions (27.79**) and among lines (12.00*). The 

coefficient of variation was 30.0%. 
Only group B was grown at the well-drained and 

poor site of the IRRI farm. The yields ranged from 

0.4 to 2.4 t/ha, with the early-maturing check 

variety UPL Ri-7 yielding the highest. A promising 

line, IR12702-10-I-. yielded 2.1 t/ha, but, it 

yielded only 1.8 t/ ha at the favorable sites of Santo 

Tomas and 1.0 t/ha at the IRRI dryland farm. A 

selection from 1R1754-F 5 B-16/Kwang-lu-ai 4// 

IR2053-521-3 appears to be adapted to unfavorable 

conditions. 
The traditional dryland variety Kinandang 

Patong yielded 1.2 t/ ha; the improved variety IR45 

only 0.5 t/ ha. IR3880-10 yielded 1.4 t/ ha. 

Exchange ofmateriaLs. During the 1982 drought 

symposium held at IRRI, rice breeders from 

Thailand, Indonesia, Liberia, and IITA agreed on 

a collaborative exchange of materials for drought

prone areas under dryland culture. 
Twelve F2 bulk populations were sent to the 

Khon Khaen Station of northeastern Thailand. 

The crosses have either BKN6721-5-7-4 or Niaw 

San Pahtaung as one of the parents. In addition, 6 

F:i bulk populations and 10 promising dryand 

lines were provided to the Khon Khaen Station 

and the Northeast Regional Agricultural Center. 

The Indonesian breeders requested 6 F., bulk 

populations and 19 advanced breeding lines. 

WARDA in Liberia requested 17 F., bulk 

Table 7. Yield performance and maturity of promising lines grown in dryland culture at two locations. 1982 WS. 

Santo Tomas IRRI farm 
Mean yield 

Line Yield Maturity Yield Maturity (t/ha) 
(DAS)(t/ha) (DAS) (t/ha) 

2A 121 2.83.3 112IR3839-1 1.9113 1.5 125IR5931-110-1 2.3 
123 1.4 136 1.8

IR6023-10-1-1 2A 
2.3 131 2.6

IR6115-1-1-1 2.8 124 
2.01.2 1342.7 121 144 2.1IR10110-24-1 1.4IR ! -'21-24-3-1 2.6 132 

120 2.5
IR12979-24-1 2.3 110 28 

1.9 142 2.9
IR43 (check) 3.9 124 

2.72.7 124UPL Ri.7 (check) 2.7 112 
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populations and 30 advanced breeding lines. The 
F2 bulk populations had either E425, LAC 23, or 
Khao Lo in their parentage. IITA in Nigeria 
requested 16 advanced breeding lines with African 
parentage. 

A report from the CRRI substation at Semi-
liguda, Orissa (IR RI-India Collaborative Drought 

Research Program), showed that of the 13 F2 bulk 
populations sent in 1981, five populations pro
duced moredesirable plantsforthat area. Theyare 
1R36117 (White Gora/I ET 3262), IR36119 (White 
Gora/CR 245-1), IR36130 (N22/ Shankal), !R36139 
(N22/IET 1444), and IR36186 (Dular/IET 1444). 
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RICE GRASSY STUNT VIRUS 2: A NEW STRAIN stage wilted prematurely - similarly to those with 
wilted stunt in Taiwan, China. 

Anunknown virus disease characterized by yellow- Transmission. Attempts to transmit the virus 

ing and stunting symptoms was first observed in disease by sap, soil, and seed were unsuccessful. No 

IRRI fields in 1979. A survey in October 1980 in virus transmission was obtained using insects with 
IRRI rice fields revealed that 0-7% of the mature sucking mouthparts such as Sogatella furcifera, 

plants showed similar symptoms. Similar symp-

toms were also observed in April 1982 in the 

demonstration plots, later in the azolla experi-
in the IRYN plots,- and inmental plots and

ploSepmber at ina IRNSouth ot ad in 
September 1982 at Koronadal, South Cotabato, 
Philippines. The disease was thought to be caused
by rice tungro virus (RTV).caigtaviupasgwstrntdalFieo 

Symptomatology. The symptoms of the disease 
were observed 7-14 DAI of 7-d-old TNI seedlings, 

The early symptoms are stunting, yellowing of the 

lower leaves, and narrowing of the leaf blades. 
on the discolored leaves

Irregular rusty blotches 
and mottling on the young leaves also occur 
occasionally. The infected plrnts showed profuse 
tillering, veiysimilartoricegrassystuntsymptoms, 
4-6 WAI (Fig. I). However, the symptoms may 
vary according to the age of the plant when infected 
and variety. Plants infected at the later growth 
stage developed symptoms indistinguishable from 
those of RTV. These symptoms are most prevalent 
in the field. All plants inoculated at the seedling 

Recilia dorsalis, and Nephotetix virescens. ow
b the Howeve, h dsase an stted 

ever, the disease was transmitted by the brown 
planthopper (BPH) Nilaparvatalugens. 

The virus is persistent in BPH. Its incubation 
period in the BPH ranged from 5to 21 d (av 8.4 d). 
The insects remained infective after molting, indi

cating that virus passage was transstadial. Five to 
30% of the insects used in separate tests were activetransmitters. The shortest acquisitiort time was 1h 

and the shortest inoculation acess time was 15 
mt. 

Serological identification. Because of similarities 
in virus-vector relations and symptomatology be
tween the unknown rice disease and rice grassy 
stunt, serological tests were conducted to determine 
the relationship between the viruses causing the 
two diseases. The latex agglutination test using an 
antiserum to rice grassy stunt-associated filamen
tous particles suspected to be rice grassy stunt virus 
(RGSV) was applied. 

1. Healthy plant (left), and stunted plants infected with RGSV 2 (middle) and RGSV I (right). IRRI, 1982. 
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Positive reactions were obtained from sap of 
plants infected with the unknown virus up to 
1:1,280. The sap from RGSV-infected plants gave 
positive reaction up to 1:5,120. Positive results 
were also obtained from the sap of 19 of 24 
naturally infected plants showing RTV-like symp
toms collected from the field. The results indicate 
that the RGSV in Japan isclosely related serolog-
ically to RGSV in the Philippines and also to the 
unknown virus. Therefore, the unknown virus was 
identified as a RGSV strain because of the close 
serological relationship and similarity ini symp-

0 

oa 

V 

0'0' 

tomatology and virus-vector interactions. The new 
strain was designated RGSV 2 and the ordinary 
type RGSV i. 

MONITORING RICE DISEASES 

General situation. The 1982 bacterial and fungal 
disease monitoring conducted by IRRI and co
operating personnel of the Philippine Regional 
Crop Protection Center (RCPC) covered 94 fields 
in 9 provinces (Fig. 2). The fields were planted to 
six IRRI varieties (IRS, IR36, IR42, IRS0, IR54, 

S Bacterial leaf blight 
o Bacterial leaf streak 
5 Blast 
o Brown spot 
*eBakanae 
T False smut 

V Leaf scold 
o Narrow brown leaf spot 
0 Neckrot 
I Sheath blight 
E Sheath rot 

0 

2. Occurrence of rice diseases in surveyed areas in the Philippines (Nov-Dec 1982). 
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and IR56), two UPLB varieties (C4 and C44.77), Light trapping at IRRI farm, 1972-1982. Weekly 
four local varieties (Katsuri, Mestiza, Wagwag, light trapping of virus vectors at the IRRI farm and 

and Malagkit) and six other selections (SN47, infectivity tests of a portion of the insects have been 
TBTB, SN4, SN15, 11 ib, 20-1). The common carried out since 1972. 
variety planted isIR36 with growth stages ranging During the last II yr, the highest number of 

from seedling tc mature stage. R rv vectors (Nephotettix virescens, N. nigropic-
Blast, bacterial blight, bacterial leaf streak, tus, and Reciliadorsalis)was collected in 1981 and 

brown spot, false smut, leaf scald, narrow brown the lowest in 1982. Generally GLH made up the 

leaf spot, neck rot, sheath blight, and sheath rot highest percentage of the catch. The percentage of 

caused disease in 19 varieties in surveyed fields. infective RTV vectors was generally low, from 0.32 

Brown spot, narrow brown leaf spot, and sheath to 2.86. 
blight were severe and moie prevalent than the The number of BPH trapped varied tremen

dously during the last II yr (Fig. 3). The percentageother diseases. Sheath blight was the most destruc-
tive in Cotabato. of grassy stunt-infective BPH varied from 0 to 2.86. 

Tungro. In 1981, IRRI and the Philippine However, trapping of ragged stunt-infective BPH 

Bureau of Plant Industry (BPI) organized a project began only in 1977, when ragged stunt was included 
to monitor RTV. Initially, eight regions were in the study. 
covered by the project; in 1982 all 12 regions of the Although the vector insects of the three rice virus 

country were included. In May 1982, a training diseases were trapped at the IRRI farm every 

program was held at the Maligaya Rice Research month during the I!-yr study period, their numbers 
to declined in December, January, and Februaryand Training Center, Muiioz, Nueva Ecija, 


show RCPC and Surveillance and Early Warning (Fig. 4).
 
System personnel of the BPI how to monitor in RTV disease incidence at the 1RRI farm did not
 
their regions. seem closely related to the number of insects 

The 1982 monitoring showed a comparatively trapped nor to the percentage of infective insects. 

high incidence of RTV and its vectors in IR36 and Although the number of BPH trapped in 1981 was 

IR42. The RTV incidence was confirmed by high (396,238), the incidence of grassy stunt was 

transmission tests using the vector insects collected still low because only 0.05% of the insects were 

from the field (Table 1). infective. 
Although some of the rice-growing areas had a 

serious problem because of varieties planted, stag- FUNGAL DISEASES 

gered plantings, high vector population, and high 
Sheath rot. Infection. Seedlings at germination andRTV incidence, the situation, in general, was not as 

critical as that caused by the 1974 RTV outbreak in plants at tillering stage were inoculated with sheath 

central Luzon. rot (Sarocladiumoryzae) under natural and room 

Table 1. RTV incidenca and vector insects in farmers' fields, 1982 RTV monitoring project, Jul-Sep 1982. 

Insects 

Sites Variety Growth RTV no./1O Infective 
Province Regions Municipality (no.) name stagea icdn sweeps tested 

0/10La Union 1 Balauan 8 IR36 E 0 2 

IR42 E 0 2 0/10
 

-
IR42 L 0 0 
-
IR42 L 0 0 

IR36 E 0 3 0/1 
IR36 E 0 1 0/6 

-1R42 E 0 0 
IR42 L 0 0 

Continued on opposite page 
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Table 1 continued 

Province Region Municipality Sites 
(no.) 

Variety 
name 

Growth 

stage' 

RTV 

incidence%) 

Insects 

no./10 Infectivesweeps testedb 

Pangasinan 1 Binalonan 5 1R42 
1R42 

E 
E 

0 
0 

1 
0 

0/17 
-

IR42 E 0 0 -

IR42 L 0 2 0/18 
Unknown S 0 0 -

Asingan 5 IR50 
Unknown 

S 
S 

0 
0 

4 
0 

0/3 
-

Unknown R 0 2 0/9 
IR54 S 0 4 0/4 
IR50 S 0 0 -

Urdaneta 4 Unknown S 0 20 1/28 
IR42 L 30 6 17/39 
IR42 L 5 3 9/34 
IR42 M 35 - -

Bugallon 2 Unknown 
'Jnknown 

L 
E 

0 
0 

2 
0 

Aguilar 2 Unknown 
Unknown 

S 
E 

0 
0 

11 
12 

-
0/29 

Magatera 3 Unknown 
Unknown 

E 
E 

0 
0 

0 
0 

-
-

Unknown S 0 5 0/32 

Isabela 2 Burgos 5 IR36 
Maiagkit 
IR36 

F 
F 
M 

60 
40 
40 

63 
565 
172 

7/39 
2/38 
6/33 

IR36 R 30 78 insects died 
IR36 E 80 30 10/36 

Aurora 2 IR56 
IR36 

E 
E 

0 
0 

1 
3 

-
-

Nueva Viscaya 2 Bagabac 
Villaberde 

1 
1 

1R42 
Unknown 

R 
S 

<1 
0 

11 
4 

1/38 
-

Nueva Ecija 3 Gapan 2 IR42 
IR30 

L 
E 

30 
40 

3 
1 

7/24 
0/31 

Mufloz 1 IR36 E 0 6 0/40 

Tarlac 3 Tarlac 4 IR42 
IR42 

E 
E 

* 

* 

13 
9 

0/22 
4/27 

IR42 E * 12 0/23 
IR36 E * 17 0/28 

La Paz 1 Unknown E 0 6 0/23 

Capas 1 Unknown E 0 14 1/9 

Bulacan 3 San Rafael 1 Unknown E 0 0 -

4 No monitoring. 

Camarines Sur 5 Bula 5 IR52 
IR50 

L 
S 

0 
0 

6 
2 

1/10 
1/30 

IR36 L 0 4 0/20 
Unknown S 0 2 -

IR36 E 0 0 0/16 

Ocampo 5 IR50 
IR50 

E 
E 

0 
0 

2 
0 

0/29 
-

Unknown L 0 4 0/6 
IR36 L 0 0 -

Unknown E 0 0 

Continued on next page 
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Table 1 continued 

Insects 

Province Regions Municipality 
Sites
(no.) 

Variety
name 

Growth
stapel 

RTV
Incidence(%) no./10

sweepssep 
Infective
testedbetd 

Albay 5 Libon 3 IR50 
IR50 

L 
L 

0 
0 

0 
5 

-
0/6 

IR36 L 0 1 0/19 

Polangui 3 IR50 L 0 4 0/20 
IR54 L 40 144 4/39 

JR54 L 0 12 0/34 

Malinao 2 IR42 B 50 18 13/25 
IR42 L 95 - 6/14 

Antique 6 Bugasong 4 IR36 
IR36 

B 
L 

30 
40 

11 
24 

6/36 
8/37 

IR36 E 10 20 5/34 
IR36 E 70 35 15/35 

Negros 
Occidental 

6 Calatrava 2 IR36 
IR54 

L 
E 

1 
0 

3 
0 

0/24 
-

Mao 4 IR36 L 20 17 3/36 
IR36 L 10 16 1/35 
IR36 E 5 4 2/39 
IR50 F 0 - -

Bohol 7 Laboc 4 Unknown 
IR42 

S 
S 

0 
0 

9 
1 

0/10 
-

IR42 E 0 2 0/3 
Unknown S 0 14 0/27 

Bilar 3 Unknown E 0 3 -

Native L 0 13 -

Pang
anahaw L 70 73 11/38 

Batuan 1 Unknown S 0 7 -

Carmen 2 IR36 S 0 10 0/5 
IR36 S 0 13 0/34 

Sagbayan 1 Lubang S 0 9 0/25 

Cebu 7 Carcar 4 Unknown L +50 1068 17/39 
Unknown L +35 956 9/40 
IR36 
IR36 

B 
B 

460 
+70 

89 
149 

18/39
19/39 

Asturias 3 IR54/1R46 S 0 20 0/25 
IR36 E 0 3 0/5 
IR36 S 0 9 0/11 

Balamban 1 IR36 S 0 5 0/16 

Leyte 8 Abuyog 2 IR42 
IR42 

L 
E 

30 
10 

5 
0 

1/35 
-

Hilongos 2 IR42 
IR50 

L 
E 

80 
0 

11 
0 

1/38 
-

Zamboanga 9 Molave 1 IR42 L 40 13 2/32 
del Sur Tanbulog 2 IR54 S 0 0 -

IR36 R 10 43 3/36 

Ramon 1 IR42 E 10 16 2/34 

Magsaysay 

Kumalarang 1 IR42 L 0 16 0/37 

Continued on opposite page 
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Table 1 continued 

InsectsRTVGrowthSites Variety
Province Region Municipality 	 incidence no./10 Infective

(no.) 	 () sweeps testedbname stage M sep etd 

6 0/14Tukuran 2 	 IR54 S 0 
IR36 R 20 10 1/18 

L 0 	 2 0/18Labangan 2 	 1R52 
-IP,50 E 0 0 

Bukidnon 10 Valencia 2 IR36 E 10 21 41A 
IR36 L 60 24 9/36 

8 0/22Davao del Sur 11 Callnan 5 IR36 E 0 
-2 4 

IR36 R 90 24 2/14 

IR36 E 25 35 0/14 
IR46 S 0 35 0/4 

SN15 S 

Rizal 2 	 Unknown L 0 2 -

Unknown B 10 40 2/19 

Magsaysay 4 	 Unknoyvn L 0 1 -

Unknown L 0 6 0/20 
1R54 B 25 8 3/34 
IR44 S 0 4 0/19 

Hagonoy 4 	 IR48 E 0 0 
-IR36 E 0 0 

IR45 (line) E 0 4 0/20 
IR45 (line) L 10 1 8/39 

1/28Sultan Kudarat 12 Isulan 3 IR36 B 0 88 

IR45 (line) E 10 56 1/30
 
IR52 E 10 46 0/10
 

15 140 4/35
Tacurong 3 	 PB6 L 
SN17 S 0 70 2/29 
IR54 E 1 3 0/9 

M. Marcos 3 Unknown E 0 17 0/15 
MR var. E 0 13 1/14 
Unknown E 2 29 0/11 

Cotabato 12 Tolonan 1 IR46 L 0 5 
31 4 -Mlang 1 IR54 F 

Pik~t 2 IR36 L 30 42 18/34 
IR25 (line) S 0 2 -

Pigcawayan 1 	 IR36 L 30 56 10/79 

8S = seedbad, E = early tillering, L = late tillering, B = booting, F = flowering, M = mnturlng, R ratoon.bDash (H) 
indicates no insects collected for infectivity tests. 

conditions using both intact plants and excised IR36 caused a high percentage of infection on the 
plant parts. fourth and youngest leaf sheaths, but not on the 

Inoculation caused a high percentage c' infection oldest, second, and third leaf sheaths. 
on young wounded and unwounded seedlings of all The symptoms on young seedlings were brown
the varieties tested. This indicates that wounding, ish spots on the leaf sheath and numerous mycelial 

although helpful, is not essential in infecting the mats on the young emerging leaves. With moist 

host plant. conditions, whitish mycelial mats covered infected 

In plants at tillering stage, the infection percent- seedlings 7-10 DAI. 
age was highest on the oldest leaf sheath in most In plants at tillering stage, dark-brown lesions 

with numerous conidia appeared on the inoculatedvarieties. Excision of leaf sheaths of RGS-20 and 
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3. Number of vector insccts of rice virus diseases collected by 
light trap at IRRI farm, Aug 1972-Dec 1982. 

areas (seen under the microscope) 3-4 DAI. The 
symptoms and signs on inoculated, excised plant 
parts were similar. 

Host range. To determine if other plants can be 
infected by S. oryzae and serve as hosts, weed 
species from both wetland and dryland rice fields 
were collected and planted in clay pots in the 
greenhouse. When the weeds had fully recovered, 
they were injected with spore suspensions. Two 
weeks after inoculation, they were observed for 
symptoms and examined under the microscope. 

Of the 20 species of weeds and wild rices tested, 
13 were infected by the fungus. The infected weeds 
showed different degrees of response to the fungus, 
but all can be considered hosts of sheath rot 
(Table 2). 

Transmission by seed. To determine whether 
sheath rot is transmitted through seeds, naturally 
infected seeds ofTN Iand RGS-20 were planted in 
beakers of sterilized soil. Each beaker was then 
covered with another beaker and sealed with 
masking tape to prevent contamination. Each 
seedliqg was examined 10-12 DAS. Disease trans-
missibility by seed was high in both TN 1(75.3%) 
and RGS-20 (83.7%). In most cases, early symp-
toms were observed on the incomplete leaves. As 
the disease advanced, the second and third leaves 
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4. Monthly collections of vector insects of rice viruses by light 
trap at IRRI farm, Aug 1972-Dec 1982. 

also became infected. The seedlings with severe 
infection died. 

Yield loss assessment. In a rice field during the 
1982 WS, an experiment was conducted to assess 
the probable yield loss due to sheath rot and to 
determine the relationship between some yield 
components and disease severity. 

Three susceptible breeding lines (IR442-2-58, 
IR1487-372-1-1, and IR1317-392-1-2) were used. 
IR1487 and 1R1317 were badly damaged by rats 
and were dropped from the experiment. 

At harvest, samples of healthy ard infected 
panicles were taken from four plots. For each 
severity level of the disease scale (Table 3), 200 
panicles were harvested at random. Evaluations 
were made on the effects of sheath rot on number 
of spikelets, percent filled cpikelets, and 1,000
grain weight. Quantitative data on flag leaf sheath 
infection, panicle exsertion, grain filling, and grain 
discoloration were obtained to determine the reli
ability of the visual scale (Table 4). 

Results showed a clear relationship between 
panicle yield components and disease severity. 
Yields decreased more intensely as disease severity 



Table 2. Reslt of Inoculation of the rice sheath rot Potassium. K application did not greatly affect 
pathogen on weeds and wild rices. IRRI, 1982. the incidence of bakanae infection (Fig. 6). The 

Reaction of disease incidence slightly increased as the K rates 
Species the pathogena were increased from 10 to 140 ppm, indicating thatFamily 

+K application did not help prevent bakanae. 
Poaceae igitaria clarls 

++-." Silicon. N source in the absence of silicon (Si)
Poaceae Echinochloa colona 
Poaceae Echinochloa crus.galli ++++ greatly affected the disease. At 120 ppm N without 

ssp. hispidula Si, 100% bakanae infection was noted in the 20% 
S % bPoaceae Echinochloa glabrescens 
NH 4-N: 80% NO:-N solutions (Fig. 7). Disease

Poaceae Oryza sativa var. rufipogon ++++ 

Poaceae Oryza minuta +++ incidence appeared to be lower in the presence of 
Poaceae Oryza australlensis -++ Si, especially at 30 ppm, than without it. However, 
Poaceae Oryza brachyantha ++
 

.+ disease incidence tended to increase at the 60 ppm
Poaceae Eleusine indica 

Puacea Paspalidium flavidum ++ Si rate regardless of rate or N source.
 
Poaceae Chloris barbata ++ Calcium and magnesium. Naturally infected
 
Poaceae lschaemum rugosum +
 

+ 1R42 seedlings were grown in basal culture 	solu-
Poaceae Leptochloa chinensis 

- tions with N-1 4-N as the source. Bakanae incidencePoaceae Panicum repens 
Poaceae Paspalum - was always g. icrally higher at 10 ppm and lower at 
Asteraceae Ecipta prostrata 

100 ppm calcium (Ca) concentration in all mag-Cyperaceae Cyperus difformis 
Cyperaceac Cyperus rotundus - nesium (Mg) concentration combinations. At 10 
Cyperaceae Cyperus brevifol/us - ppm Mg, bakanae incidence was reduced from 75 

- to 54% as the Ca concentration was increased fromPontederia- Monochoria vaginal/s 

120 ppm (Fig. 8). Trends were similar at10 to a_ = no infection, + = brown lesions limited to point of 

10-120 ppm Ca in combination with 40 and 
wound inoculation, ++ = brown lesions extended from the 80
 

point of wound inoculation, +++ = brown lesions more ppm Mg.
 
extensive, ++++ = lesions on the leaf sheath similar with
 
those on 'ice. 
 BACTERIAl. DISEASES 

Bacteriocin-like substances produced by X. cam

increased (Table 5). The percentage of filled spike- pestris pv. orvzae. Bacteriocins are highly specific 
proteinaceous antibacterial substances producedlets was affected most. 

of nutrition on bakanae incidence, by many bacteria. X. campestris pv. oryzae pro-Influence 
Naturally infected seeds of IR42 were used to 	 duced bacteriocin-like substances on a solid medium 

(Fig. 9). Most of the 22 strains produced inhibitiondetermine the effect of different nutrients on the 
zones less than 2 mm from colony margins againstincidence of bakanae disease. Seeds were grown in 

culture solution, The -iumber of foot-rotted and X. campestris pv. oryzae strains, and 4-6 mm 

was recorded I wk after seed against X. campestris pv. vascuolorum strains.elongated seedlings 
soaking and at weekly intervals thereafter. At the Inhibition zones were larger at 200 C than at 280 C, 

end of the experiments, the percentage of disease the optimum temperature for bacterial growth, on 

incidence was determined by considering as dis- nutrientagaramended with 15 g/ liter sucrose. The 

eased both foot-rotted and elongated seedlings. bacteriocin-like substances were heat stable (750 -

Nitrogen sources. The percentage of bakanae 800Cfor25 min)(Table6, Fig. 10). The increase in 

incidence increased as the rate of N was increased antibacterial activity with (NH 4)2 SO 4 precipitation 

indicated that the substances were proteinaceous.from 30 to 120 ppm in an ammonium nitrogen 

culture solution (Fig. 5). In seedlings in a 50o The inhibition activity was not affected by ribonu-

NH 1 -N: 50% NOa1-N solution, the percentage of clease, dioxyribonucleic acid, and proteinase, but 

was affected by protease and trysin.incidence tended to increase with N rate. The trend 


in the 20% NH 4-N: 80% NQ 3-N solution was Toxin produced by X. campestris pv. ory;'ae.
 
Previous studies (Annual repu- i'or 1981) indicatedsimilar. Generally, bakanae incidence in seedlings 

was slightly higher in the 80% N H4-N: 30% N0 3-N that X. campestris pv. oryzae produced toxints. 

than in the other NH4-N: N0 3-N combinations. Further analysis suggested that the dialysable 
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Table 3. Disease severity scale for estimating yield los due to sheath rot. IRRI, 1982. 

Severity Severity of flog leaf Panicle Grain Grain 
scale sheath infection exsertion filling discoloration 

0 No infection Normal Normal 	 No discoloration or 
very few grains dis
colored 

1 	 Slight infection (small Apparently normal Normal Few grains discolored 
brown lesions covering 
about 1/10 of leaf sheath) 

2 	 Moderate infection About 65% or more panicle Majority of Moderate discolora
(larger lesions that tend exsertion grains filled tion 
to coalesce and may cover 
less than half the leaf 
sheath)
 

3 	 Severe infection (lesions No exsertion to slight Almost 100% Severe discoloration 
that have coalesced and exsertion of about 3'* unfilledgrain with whitish fungal 
may cover the entire le-if straight upward panicle growth 
sheath)
 

Table 4. Relationship of severity ratings with V!ag leaf 
sheath infection, panitLe exsertion, ilrain filling,and grain 
discoloration. IRRI, 1982 

Flag leaf 
Severity sheath Panicle Grain Discolored 

sca:e infection exsertion tilling grain 
(%) (%) (%) 

0 0 d 96.7 a 95.0 a 4.3 c 
1 11.84 c 86.2 b 90.7a 7.3 c 
2 34.63 b 61.0 c 59.8 b 36.9 b 
3 72.06 a 30.4 d 2.7 c 87.9 a 

substances in culture filtrate of PXO 61 include 
succinic acid, fumaric acid, 3-methyl thiopropionic 
acid, trans-3-methyl thioacrylic acid, and phenyl 
acetic acid and three unidentified compounds, C1, 
DI, and D2, with Rf values of 0.2, 0.29, a:d 0.35, 
respectively. The culture filtrate from the weakly 
virulent strain PXO 40 contained only succinic 
acid, fumaric acid, and a very small amount of the 
compounds D, and D2 (Table 7). The biological 
aciivities of the unidentified compounds were 
tested. C1, DI, and D2 showed high 5iological 
activity as indicated by wilting and yellowing of 
rice plants (Table 8). Biological activity of other 
compounds was also noted, but among them, 
phenyl .cetic acid was most active in inducing 
wilting and yellowing, 

In water extracts, dialysates, and ethyl acetate 
extracts of dialysates from extracts of bacterial 
blight-affected leaves, kresek plants showed more 
toxic activity than extracts from leaves with pale-
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Table 5. Yield componentsof panicles with various sheath 
rot severity ratings~a IRRI, 1982. 

1000-grain Spikelets Filled Relative 

Severity wt (no.d spikelets yield 
rating (g) panicle) (%) (%) 

0 24.9 a 164.2 a 95.0 a 100.0 
1 24.3 a 178.5 a 90.7 a 88.3 
2 22.3 b 171.4 a 59.8 b 62.2 
3 14.8 c 144.5 b 2.7 c 1.3 

aHealthy panicles and diseased panicles of IR442 selected 
from the field. 

yellow symptoms. The purified preparations from 
bacterial blight-affected leaves with PXO 61 
showed the highest activity on test plaints (Table 9). 
Other than extracellular polysaccharides isolated 
from rice leaves infected with PXO 61 and PXO40, 
eight substances detected in culture filtrate were 
also detected in infected leaves with PXO 61 (Table 
10). Succinic acid, fumaric acid, and the unidenti
fled compounds DI and D2 were detected from 
leaves infected with PXO 40. D1 and D2 were 
present in only small amounts on TLC chromato
grams. When kresek plants were induced by PXO 
40, all eight compounds were detected. The extract 
from pale-yellow leaves induced by PXO 61 con
tained large amounts of phenyl acetic acid and 
small amounts of CI; other substances were not 
detected. Succinic acid, fumaric acid, DI, and D2 
were present in healthy plants. 

Response of bacterial blight differential varieties 
varied (Toble Ii'. DV85 appeared to be more re
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all isolates. The culture filtrate appeared to delay 
seed germination. No clear-cut varietal difference 
was observed. 
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sdea l ata ct o usin rg rin h 

analysis of Xhenotpcoeauspausingt 
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chanumeria lstisof hensotypi feaus ando 

tanonnsu ate ife ofr36 X. campestris pv. 
in mpesisp.ogizcalaand 6ia 

geoghrapheiiclois (l2.The attersi oupeof 

ofd momder moflteuageus as 
t heyk diffeeifroX. canmpestris pv. 

oryzae, in somest physiologicl and bomia 
tchcisltcs. Thenumerical analysis of pheno-i 

features and polyacrylamide gel electrophoresis); 
determine taxonomic status of brown blotch iso
lates using phenotypic and genetic features (by 
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Table 6. Stability to heat of bacteriocin-lik substances 
-produced by Xanthomonas campestris pv. oryzae (75 

80fC for 20 min). IRRI, 1982. 

Inhibitiona (mm) to indicator 

BB 962Isa 148Producer 
Non- Heated Non

heated
Heated heated 

1.0Isa 10 4.0 2.0 4.0 
WIs,24 2.5 1.0 1.5 1.0 

Isa 156 4.0 1.0 3.5 1.0 
2.0Isa 157bl 5.2 1.5 4.5 

Isa 167 4.0 3.0 4.5 1.5 

BB 912 4.5 2.n 3.0 2.0 

PXO 83 2.5 1.0 2.5 2.0 
2.0PXO 01 5.0 2.0 5.0 

produced ,anthomonas9. Bacteriocin-like substances by 	 ocaDiffusion of the bacteriocin-like substance perhaps 
on solid medium (nutrient agar +campestri%pv. oryae 

curred when the agar medium melted at the temperature. 
15 g/liter sucrose). IRRI, 1932. 

examined in the following sets of tests: cell mor
determination of molar percentage of guanine + 
cytosine [%G + C] and DNA:rRNA hybridiza- phology (five unit characters such as grant reaction, 

occurrence of chains, filaments); biochemical tests
tion); define the differentiation and similarities 
between X. campestris pv. oryzae, X. campestris (26 unit characters such as esculin and arbutin 

hydrolysis, production of acetoin, hydrolysis of 
pv. oryzicola, and brown blotch isolates; and find 

pathogenic Tweens, egg yolk, pectinolysis, etc.); acid from
bacteriological differences between 
races of X. campestris pv. oryzae (by phenotypic 	 carbon sources (19 unit characters such as acid 

from pentoses, hexoses, dissacharides, trisacchaand polyacrylamide gel-electrophoretic analysis). 
To screen as much of the bacterial genome as rides); growth on carbon-sources (45 unit characters 

possible, a wide variety of features (unit characters) such as growth on sugars or carbohydrates, poly

was chosen without putting emphasis (weight) on a phenols, glycosides, alcohols, organic acids); growth 
in different conditions (34 unit characters such as

certain character. About 131 phenotype traits were 
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10. Stability of bacteriocin-like substanccsproduced by Xan-

thomonas campestris pv. or :ae on solid medium to heat (75

80'C for 25 min). (R = heated, I. = unheated check) IRRI, 

1982. 

growth in different temperatures, growth in the 

presence of inhibitors-antibiotics, organic and in-

organic compounds); reaction on carrot and potato 

slices (two unit characters). 

The results of the numerical analysis of pheno
typic features were expressed in a dendrogram that 
gave the similarity of each strain with the most 
similar strain and the overall similarity among 
strains. Figure Il shows three phenons - Phenon 

1, ccmposed mainly of brown blotch isolates; 
Phenon 2 composed of X. campestris pv. oryzae 

with strains NCPPB 1152 and PXO 61 clustering 
somewhat lower than the other members of the 
groups; and Phenon 3, composed mostly of X. 
campestris pv. oryzicola with 1RN235, a X. cam
pesiris pv. oryzae strain, NCPPB 1150 and NCPPB

strains.1151, so-called . campestris pv. oryzae 

There were two subphenons eachwithin Phenons2 
and 3. The two subphenons (A and B) in Phenon 2 

could not be differentiated clearly, whereas the two 

subphenons (C and D) in Phenon 3 could be 

differentiated by two features. Subphenon C could 

hydrolyze arbutin and could grow in the presence 

of 0.0001% cadmium acetate while Subphenon D 

Table 7. Substances isolated from ethyl acetate extractsof the culture filtrates of highly virulent (PXO 61) and weakly 

virulent (PXO 40) strains of Xanthomonas campestris pv. oryzae.8 IRRI, 1982. 

Substance 

Succinic acid 

Fumaric acid 

Compound 1 (unidentified) 

Compound 2 (unidentified) 

Compound 3 (unidentified) 

3-methyl thiopropionic acid 

trans-3-methyl thioacrylic ecid 

Phenylacetic acid 


Extract from culture 

Rf filtrate 

PXO 61 PXO 40 

0.08 + 
0.14 + 
0.2 + 
0.29 + 
0.35 + 
0.41b + 
0.44 ± 
0.5 + 

+ 
+ 
+ 
-

± 
-

-

-

a+ = present, ± = present in traces as indicated by faint spots, - = absent. bSpot made visible by iodine. 

Table 8. Tcxic effect of different substances isolated from culture filtrates of Xanthomonas campestris pv. oryzae. 

IRRI, 1982. 

Substance 

Compound 1 (C) 
Compound 2 (DI) 
Compound 3 (D) 
Phenyl acetic acid 
3-methyl thiopropionic acid 
trans-3-methyl thioacrylic acid 
Succinic a'!d 
Fumaric acid 
Control (water) 

Biological activitya 

Elute 2000 ppm 1000 ppm 

W Y W 

7.7 1.7 .... 
5.7 1.3 .... 
5.0 1.0 -

4.7 2.0 4.0 
- - 3.0 
- - 4.0 
- - 0 

0 0.3 0 
0 0 0 

aMean of scores at 15, 24, and 36 h of treatment (av of four replications). W 

severe wilting); Y = yellowing (0-3 scale: 0 = no yellowing, 3 = severe yellowing). 

Extract from dialysate of 
the culture filtrate 

PXO 61 PXO 40 

+ + 
+ + 
+ 

+ 

+ + 
+ 

-

+ -

Y W 

--

2.0 2.0 
0.7 1.3 
0.8 2.7 
0 0 
0.3 0 
0 0 

= wilting (0-9 scale: 0 = 

Y 

-

1.0 
0.8 
0.8 
0 
0 
0 

no wilting, 9 = 
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Table 9. Substances isolated from ethyl acetate extracts of dialysates of water extracts from healthy and infected rice 
plants showing different symptoms. IRRI, 1982. 

Infected plants Healthy plants 

Substance Rf Blight Kresek Pale Wilt_ 
hlyellow WI 

PXO PXO PXO PXO PXO PXO Whole Lees 
40 61 40 61 61 61 plant 

+ + +Succinic acid 0.08 + + + + + 

Fumaric acid 0.14 + + + + +
+ + + 

Compound 1 0.20 + ++ + + ± + - 

(unidentified) 
Compound 2 0.29 + ++ - ++ ++- -H + 1
(unidentified) 
Compound 3 0.35 - + + - + ± -

(unidentified) 
3-methyl thiopro- 0.41b - + + + - + - 

pionic acid 
trans-3-methyl thio- 0.44 - + + + - + - 

acrylic acid 
Phenylacetic acid 0.50 - t + + +4 + - 

= 
aWilting tillers from plants showing pale-yelow symptoms. bSpot made visible by iodine, + = present moderately, + 

present in higher amount, ± = present in traces as indicated by faint spots, -- = absent. 

Table 10. Extracellular polysaccharides (EPS) isolated could not. All strains of Subphenon D were 
from Xanthomonas campestris pv. oryzae-infected rice isolated in India in 1966 and 1967. IRN 234 is a X. 
plants showing different symptoms. IRRI, 1982. campestris pv. oryzae based on pathogenicity test, 

Scorea EPS but clustered with Phenon 3 because of its resistance 

Kind of sample Strain (SES)/ (mg/g fresh toward antibiotics, which is typical to X. campestris
incidence wt of 

(%) sample) pv. oryzicola. 
Table 13 shows the differentiating phenotypic 

PXO 61 7 11.2 features for the three phenons.Inoculated leaves 
showing blight The DNA base composition of the organism 
symptom expressed as % G + C was determined to find the 

Inoculated leaves PXO 40 2 0.63 taxonomic status of brown blotch isolates. Table 
showing blight 14 showed th,. % G + C of the two strains of X.
symptom 

90 2.7 campestris pv. oryzae, X. campestris pv. oryzicola
Kresek-affected PXO 61 

(1.665) and brown blotch isolates. Because the % G + C ofplants 
PXO 40 51 2.695 brown blotch was within the span of the genus

Kresek-affected 
plants (1.069) Xanthomonas, this could be an indication that 

Leaves showing PXO 61 56 0.4 brown blotch might be a Xanthomnonas,so further 
pale-yellow work on the DNA:rRNA hybridization is neces
symptom sary to reveal the real taxonomic status of this 
Wilting tillers PXO 61 42 2.9 organism. 
from plants with 

Polyacrylamide gel electrophoresis (PAGE) waspale-yellow 
symptom (basal used to compare the numerical analyses of the 
1/2 above around phenotypic features of the three pathogen groups. 
portion) To date, only six X. campestris pv. oryzae strains 
aDisease severity recorded as score for blight on clip

dryzicola strains haveinoculated leaves and as incidence in case of kresek and and five X. campestris p. 

pale-yellow symptoms reproduced by root dipping and been examined. Visual comparison of the electro
clip inoculation, respectively. The figures in parentheses phoregrams showed three types of protein pat
represent the amounts of EPS (in milligrams per gram
 
fresh weight of total biomass) produced by the inoculated terns. The first consisted of all X. campestris pv.
 
plants. oryzae strains; the second consisted mostly of X.
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lable 11. Response of rice varieties to culture filtrates of isolates of Xanthomonas campestris pv. oryzae. Average 

symptom scores on seedlings at 15, 24, and 36 h.8 IRRI, 1982. 

PXO 86PXO 79PXO 71PXO 61Variety PXO 40 
W Y W Y W Y W Y W Y 

0.7 6.7 1.3 5.3 1.0 5.3 0.7IR8 5.7 1.3 6.7 
0.2 6.0 0.5 7.7 0.2 8.0 0.7 7.3 0.2IR20 5.0 

IR1545 5.0 0. 4.3 0.0 4.7 0.0 5.7 0.0 5.7 0.0 

Cas 209 6.0 1.5 7.3 1.3 7.0 1.5 6.7 1.3 6.7 1.5 
1.5 3.3 1.8 4.3 1.7 2.3 1.5DV85 2.3 2.0 2.3 

0.2 4.7 0.7 3.3 0.3 4.3 0.3 3.7 0.7Zenith 2.3 

aw = wilting (0-9 scale), Y = yellowing (0-3 scale).
 

Table 12. List of isolates used in the numerical analysis of phenotypic features of bacterial blight, bacterial leaf streak,
 

and brown blotch pathogens and their corresponding place and Vear of isolation, source, place in the dendrogram, and
 

pathogenicity on rice variety TN1. IRRI, 1982.
 
Place Patho-Name as indicated 


by catalogue or Strain Other strain Isolation Sourcec in the genicity
 

author(s) numberb designation(s)b place, year dendrogram on TNO
 

PDDCC 443 Japan ex N. Okabe 2 2.44X. c. pv. oryzae NCPPB 1152 
X. c. pv. cryzae NCPPB 1153 PDDCC 442 Japan ex H. Muko A 1.99 

ex H. Muko B 1.96X. c. pv. oryzae NCPPB 1154 PDDCC 440 Japan 
India, 1963 ex D. N. Srivastava A 20.03X. c. pv. oryzue NCPPB 1936 ICPB XO 110 

X. c. pv. oryzae NCPPB 2446 Japan, 1958 S. Yoshimura A 3.X.5 

X. c. pv. oryzae T7174 E 698 Ooita, Japan 9.-Waimoiito B 3.37 

X. c. pv. oryzae T7133 Mie, Japan S. Waimoto B 27.69 
Ooita, Japan S.Wakimoto A 14.89X. c. pv. oryzae Q7472 
Miyazaki, Japan S. Wakirnoto A 3.78X. c. pv. oryzae Q7527 

X. c. pv. oryzae H75304 Miyazaki, Japan S. Wakimoto A 6.02 
X. c. pv. oryzae T7147 Japan SW i A 0.60 

IRN 198 Bolivia H. Kauffman B 4.82X. c. pv. oryzae 
X. c. pv. oryzae IRN 235 Kogoni, Mali H. C. Vuong 3 15.63 

T.W. Mew B 21.69X. c. pv. oryzae IRN 279 Nepal 
X. c. pv. oryzae IRN 325 Indonesia T. W. Mew B 28.86 

X. c. pv. oryzae PDDCC 3123 India, 1963 ex Y. P. Rao B 4.03 
B 3.90X. c. pv. oryzae PDDCC 3124 India, 1965 ex Y. P. Rao 

ex Y. P. Rao B 3.95X. c. pv. oryzae PDDCC 3126 India, 1966 
X. c. pv. oryzae PDDCC 3127 India, 1966 ex Y. P. Rao B 1.81 

X. c. pv. oryzae PDDCC 3128 India, 1970 er Y. P. Rao B 16.55 

PDDCC 4646 China ex T. C. Huang B 15.61X. c. pv. oryzae 
X. c. pv. oryzae PXO 10 Philippines, M. P. Natural B 24.01 

1972 
X. c. pv. oryzae PXO 40 Philippines, C.T. Rivera A 5.11 

1972 
X. c. pv. oryzae PXO 61 Philippines, ex 1. W. Mew 2 20.18 

1973 
X. c. pv. oryzae PXO 71 Palawan area, ex T. W. Mew B 4.31 

Philippines, 
1974 

Davao, Phil., ex T. W. Mew 3 4.95X. c. pv. oryzae PXO 79 
1975 

X. c. pv. oryzae PXO 82 Philippines, ex T. W. Mew B 18.94 
1976 

X. c. pv. oryzae PXO 86 Philippines, ex T. W. Mew B 17.70 
1977 

X. c. pv. oryzae CIAT 1185 Colombia J. C. Lozano B 15.93 

X. c. pv. oryzae CIAT 1186 Colombia J. C. Lozano A 18.73 

X. c. pv. oryzae E 698 TM 74 Japan . A 3.76
 
West Java, Suparyono A 7.79
X. c. pv. oryzae 21 


Indonesia
 

Ciuntinued on next page 
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Table 12 continued 

Name as indicated 
by catalogue or 

author(s)8 

Strain 
numberb 

Other strain 
designation(s)b 

Isolation 
place, year 

Place 
denroeam 
dendrogram 

Patho
nity 

on TN d 

X. c. pv. orvzae 37 Central Java, Suparyono A 11.87 
Indonesia 

X. c. pv. oryzae 39 Central Java, Suparyono B 16.99 
Indonesia 

X. c. pv. o,,yzicola 
X. c. pv. oryzicola 
X. c. pv. oryzicola 

NCPPB 11500 
NCPPB 1 15 1 e 
NCPPB 1585 

PDDCC 364 
PDDCC 363 
PDDC 5743 

Philippines 
Philippines 
Malaysia, 1964 

ex F. T. Orillo 
ex F. T. Orillo 
A. C. Hayward 

C 
C 
C 

3.00 
1.00 
5.00 

ICPB XO 11 
X. c. pv. oryzicola 
X. c. pv. oryzicola 

NCPPB 1632 
PDDCC 1621 

ICPB XO 109 
ICPB XO 104 

-

Philippines, 
1963 

ex M. Goto 
ex M. Goto 

C 
C 

0.00 
5.00 

X. c. pv. oryzicola PDDCC 3122 ICPB XO 105 Philippines, ex M. Goto C 0.00 
1963 

X. c. pv. oryzicola PDDCC 3129 India, 1967 ex G. S. Shekhawat D 0.00 
X. c. pv. oryzicola PDDCC 3130 India, 1967 ex G. S. Shekhawat D 0.00 
X. c. pv. oryzicola PDDCC 3131 India, 1967 ex G. S. Shekhawat D 1.00 
X. c. pv. oryzicola PDDCC 3132 India, 1967 ex G. S. Shekhawat D 1.00 
X. c. pv. oryzicola PDDCC 3133 India, 1967 ex G. S. Shekhawat D 1.00 
X. c. pv. oryzicola PDDCC 3134 India, 1966 ex G. S. Shekhawat D 3.00 
X. c. pv. oryzicola 
X. c. pv. oryzicola 

PDDCC 3135 
PDDCC 3136 

India, 1968 
India, 1968 

ex G. S. Shekhawat 
ex G. S.Shekhawat 

C 
C 

1.00 
0.00 

X. c. pv. oryzicola PDDCC ,.654 CCM 2760 India, 1968 ex T. W. Mew C 5.00 
Brown blotch isolates CIAT 1171 Norte, Panama, J, C. Lozano 3 ntu 

1977 
CIAT 1173 Monteria- J. C. Lozano 3 nt 

Cordoba, 
Colombia, 1974 

CIAT 1187 Nataima- J. C. Lozano 3 nt 
Tolima, Colom
bia, 1978 

CIAT 1191 Monteria- J. C. Lozano 3 nt 
(t, , t2) f Cordoba, 

Colombia, 1978 
CIAT 1192 Nataima- J.C. Lozano 3 nt 

Tolima rolom
bia, 1978 

aNames according to Dye et al (1980). bAbbreviations used: CCM = Czechoslavak Collection of Microorganisms; CIAT = 
Centro Internacional de Agricultura Tropical, Cali, Colombia; ICPB = International Collection of Phytopathogenic Bac
teria, USA; IRN = Isolate Record Number, IRRI, Philippines; NCPPB = National Collection of Plant Pathogenic Bac
teria, Marpenden, England; PDDCC = Plant Diseases Division Culture Collection, Auckland, New Zealand; PXO = Phil
ippine Xanthornonas oryzae, IRRI, Philippines. CNames of isolators are underlined; names preceded by "ex" indicate 

individuals who successively maintained the culture before its deposition. dPathogenicity for X. campestrIs pv. oryzae 
expressed as mean lesion length in centimeters; for X. campestris pv. oryzicola as mean visual score based on Standard 
Evaluation System for Rice (IRRI). eStrains ICPPB 1150 and NCPPB 1151 have been named X. campestris pv. oryzae, 
however, pathogenicity tests clearly showed that both strains are leaf streak organisms. Their PDDCC equivalents, i.e. 
PDDCC 364 and PDDCC 363, respectively, have not been examined. fCIAT 1191, showing two colony types (ti , t 2 ) 

isolated from Echinochloa colonum. gNot tested. 

campestrispv. oryzicolastrains except for IRN 198 campestris pv. orvzae and X. campestrispv. or'zi
from Bolivia. NCPPB 1150, which was revealed by cola. A special PAGE procedure was necessary for 
the phenotypic and pathogenicity test to be a brown blotch isolates because a clear-cut protein 
X. campestris pv. ory'zicolastrain, was again con- pattern was difficult to obtain in the presence of too 
firmed by PAGE to belong to this group. IRN 235 many polysaccharides. This test was repeated to 
from Mali, Africa, was a special case, showing a include all 54 strains used in the phenotypic test. 
third protein pattern different from that of X. 
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I. Phenons of Xanthomonas sp. causing rice diseases based 

on numerical analysis of 132 features. IRRI, 1982. 

VIRUS DISEASES 

Relationships between grassy stunt and rice stripe 

virus. Filamentous particles were purified from 
rice plants, and antiserumRGSV-infected was 

prepared at the Institute for Plant Virus Research 

(IPVR) Japan. The filament was ribonucleopro-
tein, 6 nm in diameter. Some of the filaments were 

circular with lengths of 1,000-1,300 nm. A titer of 

the antiserum against purified filaments was 1:1,280 

in the precipitin ring interface test. The filaments 

and rice stripe virus are similar in morphology and 

somewhat serologically related. This indicates that 

the filaments may be a causal virus of RGSV. The 

antiserum was used in studies of serological rela

tionships between RGSV in Japan and RGSV I 

and 2 in the Philippines. Both strains were closely 

related to RGSV in Japan. 
Detection of viruses by serological tests. Two 

serological tests, the latex agglutination test and 

the enzyme-linked immunosorbentassay(ELlSA), 

were used to detect viruses in rice leaves and vector 

insects. IPVR collaborators supplied antisera for 

rice tungro bacilliform virus (RTBV), rice tungro 
rice ragged stunt virusspherical virus (RTSV), 


(R RSV), and RGSV-associated filaments. 


Table 13. Differentiating features among Xanthomons 
pv. oryzae (Phsnon 2), X. cmpeastrls pv. orycampestris 


zlcola (Phenon 3), and brown blotch isolates (Phenon 1).
IRRI, 1982. 

Brown blotch X. c. pv. X c. pv. 

Feature isolates oryzae oryzkila 
(Phenon 1) (Phenon 2) (Phenon 3) 

--

- d
Acetoin production 	 -
Strong peptonization 

in litmus milk
 
- d-

H2 Sfrom peptone 	 - + +
 
- + +
 

Phe-diaminase 

Hydrolysis of Tweens 

60 end 80
 

- + +Acid from D.galactose, 

cellobiose, and
 
trehalose
 

Growth on: 
- + +D-xylose, Na-

L.Lactate 
-glycerol, propionic + 

acid 
- +L-alanine + 

Growth in the 
presence of:
 

0.005% Methicillin + 

0.001% Ampicillin d - +
 

0.001% Cu (NO 3 )2 + + 

-
 -0.001%8- + 
hydroxyguinolein 

Table 14. DNA base composition, expressed as molar 
+ cytosine of Xanthomonas cam

percentage of guanine 

pestris pv. oryzae, X. campestris pv. oryzicola, end brown 

blotch isolates. IRRI, 1982. 
Tm(e)

Strain C(C) % G+CBacterium 

95.3 63.2 
Brown blotch isolate CIAT 1171 63.5CIAT 1173 95.4 63.5CPP 1173 95.4 

95.8 64.5Xo campestris pv. NCPPB 1153 
96.0 65.0NCPPB 1585x. campestris pv. 

oryzico/a PDDCC 3135 96.0 65.0 

Latex agglutination test. Latex particles (0.81 

pm in diameter) treated with antiserum were mixed 

with extracts of virus-infected leaves or virus

exposcd vector insects. Reactions were judged 

or under the light microscope base onvisually 

clumping of latex particles (Fig. 12).
 

RGSV was detected efficiently from rice leaves 

and vectors by the latex test using RGSV anti

serum. Reactions of extracts of leaves infected with 

RGSV I or RGSV 2 up to dilutions of 1:5,120, or 
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Tor. 

• 2 


12. A light micrograph shows the clumping of latex particles 
indicating the presence of RGSV in leaf extract (fight) and the 
absence ofclumping in virus-free leaf extract (left). IRRI, 1982. 

1:1,280, respectively, were positive. The dilution 
endpoint for positive reactions was 1:10,240 for 
RGSV I viruliferous BPH. Extracts of virus-free 
leaves and BPH gave no positive reaction even at 
1: 10 dilutions. The latex test can be adopted in the 
fields for the diagnosis of RGSV I and RGSV 2. 

RTBV and RTSV were detected separately from 
tungro-infected rice. plants by the latex test. This 
confirms that tungro is caused by a RTBV-RTSV 
complex. The dilution endpoint of tungro-infected 
leaf extracts was 1:80 for RTBV (when anti-RTBV 
",-globulinwas used, the endpoint was 1: 160) and 
1:320 for RTSV. 

RRSV was not detected from infected leaves nor 
from viruliferous BPH. 

Enzyme-linked immunosorbentassay.A micro-
ELISA plate (Dynatech) was coated with anti-
RGSV or -RRSV ",-globulin; then the virus in the 
test sample was selectively trapped. Trapped virus 
was then reacted with further specific "/-globulin 
to which alkaline-phosphatase had been linked, 
Enzyme-labeled -y-globulin that had complexed 
with the trapped virus was detected visually or 
photometrically at 405 nm by adding an enzyme 
substrate. RGSV I and 2 were detected from 
infected leaf extracts up to a dilution of 1:5,120 
(Fig. 13), while they were detected from BPH 
extracts up to 1:2,560 (Fig. 14). RRSV was 
detected from leaves up to a dilution of 1:640 
(Fig. 15), and from BPH up to 1:1,280. This 
indicates that ELISA can detect RGSV and RRSV 
from individual BPHs. 
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13. Reactions ofextracts office leaves infested with RGSV I or 
RGSV 2 in enzyme-linked immunosorbent assay. IRRI, 1982. 

Starch test 	for tungro diagnosis. Rice leaves 
infected with RTV often turn dark after treatment 
with iodine solution. This reaction could be used as 
an additional diagnostic test for RTV (Annual 
report for 1966). The usual procedure was boiling 
the infected leaves in ethyl alcohol to remove the 
chlorophyll and staining the boiled leaves with 
iodine potassium iodide (I2KI) solution. This is 
time consuming, expensive, and difficult to apply 
in the field. 

Procedureand reactions. A modified method 
consists of dipping a piece of diseased leaf about 
10 cm longina small amount ofl 2KI ina small test 
tube for 15-30 min.The positive reaction isjudged 
on thc basis of the dark coloration (almost black) 
at the cut edge immersed in the solution and by 
dark streaks along the leaf veins. A negative 
reaction is indicated by a brownish color at the 
edges of the leaf pieces. Blank tests using artificially 
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14. Reaction of extracts of BPH exposed to RGSV Ior RGSV 

2 in enzyme-linked immunosorbcnt assay. IRRI, 1982. 

inoculated TNI plants gave good results. Using 
more leaves per diseased plant, particularly the 
second leaf showing discoloration, increased ac
curacy to 100%. In another test using naturally 
infected TN I plants collected from the rice tungro 
nursery at IRRI, 82-91% of the discolored leaves 
gave positive reaction compared with only 9-17% 
of the green leaves. Moreover, the second leaf 
(starting from the youngest) gave 88% positive 
reaction compared with the youngest leaf (68%) 
and third leaf (32%). The healthy leaves (yellow, 
senescent) gave a negative reaction. 

Comparisonofthe starchandtransmissiontests. 
The starch test and insect transmission test were 
compared to confirm reliability of the starch test. 
Fifty discolored leaves from TNI plants naturally 
infected with RTV were collected in the field. Each 
leaf was cut in half. One half was used for the starch 
test and the other half for the RTV transmission 
test using the GLH. Five virus-free GLH were 
given access to diseased leaf in a test tube for 24 h. 
The viruliferous insects were used to inoculate 
healthy 7-a-old TN I seedlings in the test tube (one 

Absorbance at 405 nmol 
1.4 

RRSV 
1.2 

1.0
 

Q6 

02 
Virus-free 

0 1 I 
10 100 1000 

Dilution of extracts 

15. Reaction of RRSV-infected and virus-free leaf extracts in 
enzyme-linked immunosorbent assay. IRRI, 1982. 

insect/ seedling) for 24 h. The inoculated seedlings 
were transplanted in pots and observed for RTV 
symptoms. Ninety-four percent of these leaves had 
a positive reaction to the starch test; 96% of the 
leaves used as the virus source had positive trans
mission results. None of the 40 plants inoculated by 
insects that fed on healthy senescent leaves devel
oped RTV symptoms nor did the leaves have a 
positive reaction to the starch test. This indicates 
that the starch test is as reliable as the insect 
transmission test. 

Significance and limitations of the starch test. 
The modified starch reaction test is simple, econom
ical, and convenient in the field. Unlike the insect 
transmission test, which requires at least 7 d to 
obtain results, the modified starch reaction test 
needs about 30 min. Knowing that RTV is in a field 
7 d sooner can be very important when the vector 
population is high. 

However, the starch reaction test is not fool-
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proof. First, the starch reaction is not highly 
;pecific to RTV disease because rice leaves infected 
with orange leaf also show positive reaction (An-
nual report for 1966). Also, discolored leaves of 
rice plants infected with RGSV 2 occasionally give 
a slight positive reaction, especially when dipping 
time is prolonged. Generally, rice leaves infected 
with ragged stunt did not give positive starch 
reaction except once when a leaf showed a slight 
positive reaction. The leaf might have been con-
taminated with RTV because the plants were kept 
outside. 

Second, not all leaves of infected plants showed 
a positive reaction. However, this limitation could 
be overcome by testing more leaves per hill, 
particularly the discolored ones. The starch re-
action test is therefore useful in detecting RTV-
infected plants, particularly in the early stage of an 
epidemic when immediate control measures are 
needed. A positive starch reaction together with a 
high GLH population in the area would be a strong 
indication that RTV is present. 

Effect of azolla on tungro incidence. IR36 (re-
sistant to RTV in field and moderately susceptible 
in greenhouse) and TN I(highly susceptible in field 
and in greenhouse) were raised in pots with and 
without azolla application. The pots containing the 

seedlings with and without azolla were arranged 
together and separately in inoculation cages to 
provide viruliferous insects with a choice of plants, 
as in the field. Uninoculated plants were the 
control. The percentage of infected seedlings were 
observed on day 12. 

The occurrence of RTV-infected seedlings raised 
with and without azolla was almost the same for 

both varieties. The susceptible TN I seedlings were 
severely infected: 85.4% infected in the cages with 
azolla and 89.3% without. IR36 was moderately 

infected: 45.6% infected in the cages with azolla 

and 44.7% without azolla. 
In the field trial conducted in microplots, azolla 

application did not appear to influence the RTV 
incidence on either variety. 

Effect of custard-apple and neem oils on green 
leafhopper and its transmission of tungro. Oils 
extracted from the seeds of custard apple (Annona 

squatnosa L.) and neem (Azadirachiaindica A. 
Juss) were sprayed on I0-d-old TN I seedlings at 5, 
10, 20, 30, and 50% concentrations with 0.1% 
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Teepol as the emulsifier. Water with 0.1% Teepol 
was the control spray. GLH exposed to both oil 
sprays failed to survive beyond 3 d at 30 and 50% 
concentrations. A higher percentage of survival 
was observed at lower concentrations. However, 
insects survived beyond 5 d at all concentrations; 
insects that survived on control plant lived beyond 
20 d. 

The percentage of seedlings infected was reduced 
considerably on the second day of exposure to 
oil-sprayed plants and reached almost zero in 
custard apple oil spray at a 50% concentration. 
Very few insects survived after the third day and 
failed to transmit the disease beyond 3 d. The 
control plants became infected even beyond 5 d. 
Spraying before inoculation was effective in re
ducing the percentage of seedlings infected by RTV 
regardless of the oil concentration (Table 15). 

CULTURAL AND BIOLOGICAL CONTROL 

Influence of Trichoderma sp. from dryland rice 
fields on sheath blight fungus. The isolation of 
Trichodermasp., a fungus antagonistic to the rice 

sheath blight pathogen from dryland rice fields, 
was reported in the Annual report for 1980. In 
1982, the occurrence of the fungus in different rice 

cultural types was surveyed on the IRRI farm. 
Through the use of the dilution plate method on 

gallic acid agar medium, the Trichodermasp. was 

isolated from dryland and rainfed wetland fields 
but not from irrigated fields with standing water 
(Table 16). On agar medium plates, the inhibition 
,zone-between Trichodermasp. and Thanatephorus 
cucumeris, the sheath blight pathogen, was formed. 
The pathogen mycelium stopped growing when in 

Table 15. Effect on RTV transmission of spraying oils at 

different times, before and after inoculations. IRRI, 1982. 

Time (h) RTV Time (h RTV 
before infection after infection 

inoculation (%) inoculation (M) 

0.5 19.72 0.5 78.57 
1 16.00 1 82.63 

2 12.39 2 79.28 
83.953 16.17 3 

4 13.06 4 79.65 
24 23.22 24 86.25 
0 (water 72.44 0 (no 84.46 

spray)spray) 



Table 16. Isolation of Trochoderma sp. from soil in different fields. IRRI, 1982. 
Trichoderma/m 

Type of field Location Field condition Crop g soil 

Irrig3ted 	 824 Standing water Ratooned rice 0 
825 Standing water Ratooned rice 0 

828 Standing water Fallow 0 

829 Standing water Rice at maturity 0 

Dryland 	 U03 Dry Fallow 42.8 ± 7.60 
UQ4 Dry Mungbean 47.5 ± 27.3 

DH7 Dry Fallow 56.0 ± 29.1 

Rice at maturity 22.5 ± 19.0Rainfed-wetland 	 830 Dry 
831 Wet Rice at booting 9.6 ± 3.2 

SDetermined by dilution plate using gallic acid medium. 

contact with Trichoderma (Fig. 16). Microscopic the effect of the bacteria on sheath blight develop
and In-b-24) wereexamination of the hyphae of the two organisms 	 ment, two isolates (In-b-17 

for their influence on infectivity of theshowed that Trichodermafrequently coiled around 	 tested 
the aerial hyphae of T. cucumeris. The cytoplasm 	 sclerotia. The bacteria affected the viability of the 

vacuolated and coagulated and then the hyphae of 	 sclerotia (Fig. 17) on the detached flagleaf; they 

the fungal pathogen burst. also prevented sheath blight lesion initiated from 

Bacteria from rice fields antagonistic to sheath these sclerotia. Sclerotia mixed with In-b-17 for 2 

blight development. Many bacteria of different 	 wk were no longer viable (Table 17). On potted 

colony morphology from rice fields showed strong 	 IR36, when the bacterial suspension was applied to 
the stem of the rice plants I d before inoculation ofantagonistic activity against the rice sheath blight 

pathogen (Annual report for 1981). To determine 	 :'he sheath blight inoculum, both disease incidence 
and severity were reduced. Field experiments are in 
progress. 

CHEMICAL CONTROL 

Blast. Seed treatment. Systemic compounds for 
seed treatment were evaluated in the blast nursery 
and the field. Treated and untreated seeds were 

either planted in plastic trays filled with soil or 
planted in the blast nursery and field plots. The test 
plants were continuously exposed to blast ino
culum. 

CGA49104 (50% WP) and PP389 (50% WP) 
were each applied at 4 and 8 g/ kg seed. Hoe 00550 

-. (75% WP) was applied at 16 and 32 g/kg seed. In 

the blast nursery, all three chemicals effectively 
protected seedlings in plastic trays against leaf blast 
up to 6-8 WAS. 

Similarly, when treated and untreated seeds 
were planted directly in the blast nursery plots, 
CGA49104 and Hoe 00550, at the rates mentioned, 

Healthy RGSV 2 RTV consistently provided effective seedling protection 

of healthy leaf (left), and leaves infected with against leaf blast infection for 6-8 WAS. When 
16. Reaction 
RGSV 2 (middle) and RTV (right) to iodine test. IRRI, 1982. 	 both compounds were applied to the seeds as 
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17. Influence of antagonistic bacteria from rice field on the 
viability of sclerotia of the rice sheath blight pathogen. IRRI, 
1982. 

slurries and dry powders using the same rates of 
application, the slurry preparations were more 
effective than the dry powders. However, the slurry 
preparations of Hoe 00550 reduced the percenage 
ofseedgerminationmorethandidthedrypowders. 
During previous years, the slurry treatment of 
CGA49104 had similar effects. 

Among the other systemic compounds evaluated, 
only tricyclazole (75% WP), at 5.3 g/kg seed, 
provided moderate blast protection. However, 
tricyclazole with CGA49104 at 8 g/kg seed some-
times slightly reduced seed germination, especially 
with closer seed spacings and higher seeding rates 
in plastic trays. Earlier tests showed no reduction in 
germination of seeds treated with CGA49104 at 
8.0 g/ kg seed planted in rows 25 cm apart in 
dryland fields at seeding rates similar to those in the 
plastic trays and blast nursery. 

When PP389 was applied at 10, 20, and 40 g/ kg 
seed and CGA49104 at 2, 4, and 8 g/kg seed on 
seeds planted directly in rows 25 cm apart, both 
compounds effectively controlled blast up to 8 
WAS. .However, only the two higher rates of 
PP389 and the highest rate of CGA49104 markedly 
reduced neck blast infection on IR50 at harvest 
over the untreated check (Table 18). The computed 
grain yields were higher in all treatments, especially 
at the higher application rates than in the untreated 
check. 
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Table 17. Influence of antagonistic bacteria from rice 
field on sheath blight development in IR50. IRRI green
house, 1982. 

Sheath blighth
Treatmentm 

Incidence %) Severity 

Antagonist + 30 0.61 
pathogen (In-b-17) 

75 1.27 
(In-b-24) 

Antagonist + 

100 2.00Pathogen alone 

aBacterial suspension (1 X 106 cells/ml) was sprayed onto 
the rice plants 1 d before inoculation of the pathogen 
(sclerotia). No. of tillers infected

bIncidence = 
Total no. of tillers (3 hills) 

Severity sheath blight lesion (cm). 

Seed soaking. When evaluated as suspensions 
for24-h seed soaking, CGA49104andPP389,at 1, 
fr2- edsaig G414adP39 t1 

2, and 4 g/ liter of suspension, efectively protected 

seedlings up to 8 WAS. The treated seeds were 
planted directly into the dapog beds and plastic 
trays (Table 19). However, when seedlings were 
transplanted in plastic trays and the chemically
soaked seeds were planted directly in the blast 
nursery beds, only the highest concentration 
(4 g/liter) provided slight to moderate protection 
up to 9 WAS (Table 20). 

Seedlingrootdipping.CGA49104 and PP389at 
concentrations of I, 2, and 4 g/liter of suspension 
were evaluated as dapo , seedling root dips. Dip
ping durations were 12 and 24 h. CGA49104 
effectively protected the seedlings up to 7 WAS 
(Table 21). CGA49104 treatments resulted in more 
remaining green leaves and taller plants. CGA49i04 
is definitely superior to PP389 at the same concen
tration. 

Foliarsprays. Some fungicides were evaluated 
as sprays, usually with three replications at weekly 
intervals. Edifenphos (50% EC), applied at I 
liter/ha, was consistently effective against leaf 
blast. Other tested fungicides with efficacies varying 
from slight to moderate are dispersible sulfur (80% 
ai) at 4 kg, thiabendazole (45% flowable) at 2 liters, 
and copper oxychloride (35% Cu) at 4 kg for
mulation/ ha per application. 

Thiophanate-methyl (70% WP), a commercially
available systemic fungicide, worked effectively at 
higher rates up to 8 WAS (Table 22). No phytotoxic 



Table 18. Effect of seed treatment with systemic fungicides on leaf and neck blast control in IR50 in dryland fields., 

IRRI, 1982. 

Lesionsb (nojseedlingi Leaf blast Neck blast Sheath blight Computed 

Rate (g controlc infectiond Infection e grain yield f 

(%) (%) (%) (kg/ha)Chemical formulation/kg 4 WAS 6 WAS 8 WAS 
seeds) 

OA 0A 0. 97.9 27.1 5.0 437.5PP389 40.0 
1.2 1.7 2.6 93.1 42.7 5.0 407.5(50% WP) 20.0 

70.5 68.4 6.0 278.310.0 6.5 8.3 11.1 

3.5 4.1 89.1 488 4.5 376.7CGA49104 8.0 28 
4.0 4A 5.6 7.1 81.1 67.2 5.5 273.7(50% WP) 

76.1 7.5 246.22.0 10.6 13. 15.3 59.3 
227.937.6 - 68A 6.5No chemical 0.0 27.4 32.6 

(check) 

aTreated and untreated seeds were seeded in rows (with 25.cm distance between furrows) in plots (12.0-m 2 plot/repli

cation per treatment). bMean of four replications; in each replication, 25 seedlings were picked at random, marked, and 

used for leaf blast disease readings. CBased on leaf blast infection at 8 WAS. dlnfection count, made on the total num

ber of panicles harvested from 6-rn2 center portion of each treatment plot/replication. OBased on scales 0 to 9 of natu

= lesions reaching top of tillers (severe infection on all leaves and some plantsral infection: 0 = no infection and 9 

killed). fMcin of four replications; each replication with 6.0 m2 harvested area; yield at 14% MC.
 

effects were observed on test plants. 
On a field planted to IR52, natural infections of 

leaf blast and sheath blight were observed at the 

late booting to early flowering stages. Fungicide 
combinations were immediately sprryed on the 

plants. To avoid possible fungicide incompatibility 
the first chemical in the combination intended to 

control sheath blight was applied 2 to 3d ahead of 
intended to control leaf and 

the other fungicide 
neck blast. Each chemical was sprayed three times 
at weekly intervals. 

The three combinations provided excellent pro-
tection against neck blast and moderate protection 

against sheath blight (Table 23). 

Table 19. Effect of presprouting treatment of ,eeds with 

systemic fungicides on leaf blast control in trays and in 

dapog seedlings in the blast nursery. IRRI, 1982. 

Chemical 

CGA49104 (50% WP) 
CGA49104 (50%WP)
CGA49104 (50% WP) 
PP389 (50% WP) 
PP389 (50%WP) 
PP389 (50% WP)
No chemical (check) 

Concn Lf"-f blast
 
(gformulation/ ccntrol9 (%)
 

liter suspension) Dapog Tray 

4.0 98.4 100.0 
2.0 85.7 100.0
1.0 80A 98.9 
4.0 90.0 88.1 
2.0 668 74.3 
i.0 61.4 64.3 
0.0 - 

aBased on disease reading of infection taken at .9WAS. 

Table 20. Effect of presprouting treatment of seed- with systemic fungicides on leaf blast control in the blast nursery. 

IRRI, 1982. 

Concn 
Chemical g formulation/liter 

suspension) 

CGA49104 (50% WP) 4.0 
CGA49104 (50% WP) 2.0 
CGA49104 (50% WP) 1.0 
PP389 (50% WP) 4.0 
PP389 (50% WP) 2.0 
PP389 (50% WP) 1.0 
Untreated seeds 0.0 

Leaf blast Green leavesb Plant htc 
controla (%) (%) 

(% 

65.2 71.7 46.0 

35.0 69.5 43.1 

27.5 67.8 37.8 

12.3 57A 38.2 
11.9 54.4 34.0 
98 53.3 37.1 

29.3 25.0 

aBased on infection at 9 WAS: most of the test seedlings in the untreated seeds (check) treatment had been killed by 

blast. bBased on the 6th to 9th upper leaves of the 25 seedlings picked at random, marked, and used for disease read

taken at 9 WAS from the survivors of the original 25 seedlings picked at
ings; determined at 9 WAS. CMeasurements 
random, marked, and used for disease readings. 
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12- and 24-h root-dipping in systemic fungicide suspensions before transplanting of 10-d-old dapog-Table 21. Effect o' 

raised seed!ings on leaf blest control in the blast nursery.a iRRI, 1982.
 

12-h suspension 24-h suspension 

Concn 
Chemical (g formulation/liter Leaf blast Green Plant Leaf blast Green Plant 

controlb leavesC td
suspension) controlb leavesr htd 

(%) (%) (cm) (%) %) (%) 

100.0 30.493.7 92.1 30.0 96.1 

CGA49104 (50% WP) 
CGA49104 (50%WP) 4.0 

2.0 92.9 91.7 32.8 95.2 99.2 32.4 

CGA49104 (50% WP) 1.0 80.6 8:.5 30.6 	 73.2 97.5 30.3 
63.6 32.1 18.3 66.6 29.7PP389 (50%WP) 4.0 39A 
65.4 32.3 22.9 63.7 27.5PP389 (50%WP) 2.0 25.0 

PP386 (50%WP) 1.0 22.4 62.6 31.7 	 17.1 62.5 27.5 

0.0 - 57.0 29.6 - 55.1 26.1Untreated seedlings 

RAfter their root systems had been dipped, the seedlings were transplented in rows in plastic trays (five rows/tray; 20 

bBased on disease reading of infection takenseedlings/row) filled with soil and exposed continuously to blast inocuhlu. 

at 7 WAS. CBased on the 2nd to the 6th upper leaves per seedling ato WAS of 25 seedlings picked at random. dBased 

on measurement per seedling takon at 7 WAS from 25 seedlings picked at random. 

Table 22. Effect of thiophanete methyl 70% WP foilar served, indicating, that as the plants grow older, the 

sprays at different rates of application on leaf blast leaf blades tend to become irsensitive to triphenyl

tin acetate. Triphenyltin acetate may be usd oncontrol in the blast nurse y. IRRI, 1982. 

Rate 	 adult plants in the field at the rates of 0.5-1.0 kg 

(kg formulation/ . llast formulation/ha per application. Tests indicated 
2,000 liters 4 WAS 6 WAS 8 WAS controlb that triphenyltin acetatesuspension per 4M'S 6WS8WA ~ t~b% was the best among the 
application) evaluated compounds (Table 26). The compound 

had no phytotoxic effects. 
5.0 	 0.10.0 0.9 99.2982 Bakanae. Artificial seed :nfectic:' Bakanae has
4.0 	 0.00.0 i .9 

resurged as a problem in farmers' ields planted to
3.0 0.0 1.1 5.0 954 
2.0 1.7 7.0 21.8 79.9 	 IR42, one of the highest /ielders among IRRI 
1.0 7.4 15.4 27.2 74.9 	 varieties. The disease is seed transmitted. At tl

0.5 8.4 29.9 44.4 59.0 
70.4 35.0 flowering stage, Fusarium 	 moniliforme spor.s

0.25 23.9 50.6 
0.0 	 35.9 81.3 108.3 - enter the open florets and may be present on the 

seeds even after harvest. In spite of the heavy
aMean of three replications; each replication with 25 seed-

lings picked at random (from five rows of seedlings/plastic bakanae incidence in some farmers' fields, it was 

tray containing soil) marked and used for disease readings, difficult to obta ;-- naturally infected seeds. So 
bBased on the last disease reading taken 8 WAS. artificial field infection of seeds has become indis

pensable to proper evaluation of chemical effective

nessblight. Foliarsprays. NTNI9701 (25%Sheath 

WP), sprayed three times at weekly intervals at IR42 seeds were sprayed with spore suspensions 

in the field for a maximum of 5 consecutive daysvarious rates, provided effective sheath blight 
of 3 times a week within a 5-dprotection up to 9 WAS (Table 24). Control and a minimum 

and knapsack sprayers wereincreased with the application rate without any 	 period. Motorized 

used. The two volumes of spore suspensions usedphytotoxic effect on the plants. 
were 1,000 and 2,000 liters/ ha per application. TheA tin compound triphenyltin acetate (60% WP), 
first-trial results indicate that the daily inoculationssprayed at dilterent rates, resulted in similar control 

(Table 25). However, very slight to moderate using the motorized sprayer exhibited the highest 

phytoto:icity was observed on leaf blades 4 d after percentages of infected seeds (76.1% at the 1,000

liter rate and 79.8% at the 2,000-liter rate). At thethe first sprays were applied at 3 WAS. No toxic 
2,000-liter rate, the 3 weekly inoculations producedeffects of the second and third sprays were ob-
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Table 23. Effect of fungicide combinations as foliar sproys on neck blast and sheath blight control in IR52 in the field.8 

IRRI, 1982. 

Rate (kg or Neck blast Sheath blight Filled grainsd Grain yielde 

Chemical liter formulation/2,000 liters lnfectionb disease ratingc (%) (g) 
suspension per application) (%) 

Edifenphos (50% E. C.) 
and triphenyltin 1.0 

4.7 81.8 988.7 
acetate (60% WP) 1.0 8.7 

CGA49104 (50% WP) 1.0 
ard ,riphenyltin 

5.3 77. 960.11 0 11.8acetate (60% WP) 

Eenomyl (50%WP) 1.0 
and triphenyltin 

1 023.412.0 5.2 78Aacetate (60% WP) 1.0 

65.3 747.60.0 75.2 618No chemicals (check) 

aln all treatments except tha check (no chemical), triphenyltin acetate was sprayed on the rice plants starting at the 

early booting stage; 2-3 days ahead of the other fungicides. All chemicals were sprayed three times at weekly Intervals. 

bMean of four replications; each replication with 600 panicles picked at random from a 7.5 m-plot at harvest anJ used 
= 

for neck blast infection count. CRated un a 0-9 scale; 0 no infection; 9 = lesions reaching top of tillers, all leaves and 

some plants killed. dBased on countings of 50-cc seed samples/replication. eFrom 600 panicles used for neck blast in

fection count/replication. 

Table 24. Effect of NTN 19701 25% WP fungicide sprays at different application rates on sheath blight control In rice 

seodlings.a IRRI, 1982. 

Infectionb (%) 
Sheath blightApplication rate 

7 WAS 9 WAS controlc4 WAS 5 WAS(kg formulation/2,000 liters 
(%)suspension/application) 

6.5 6.8 6.3 88.44.0 48 
88.03.5 10.5 7.3 8.7 6.5 
7889.7 13.0 12.2 11.53.0 

10.6 30A2.5 12.0 13.3 11.3 
15.3 71 82.0 14.0 16.8 15.0 

64.635.7 24.0 21.2 1921.5 
31.5 33.5 27.2 23.0 57.61.0 

00.621.7 312 28.5 26.0.5 542 76.0 63.50j0 (check) /3.5 

aThe first spray was applied at 3 WAS; subsequent sprays were apl dd at weekly intervals; the test plants were artifi

cially lnoulated 1 d after the first spray application. bMean of three replications; each replication with five rows of
 

seedlings; ba';d on i:he average Infection of leaf sheaths and leaf blades of 25 IR1317-3 0 2.1-2 seedlings picked at ran

dom at ,-,ery disease reading. CBased on infection at 9 WAS. 

aoout 68% infected seeds. Coiainuous roguing of 27). Both chemicals exhibited grain yie!ds higher 

infected plants starting at the maximum tillering than the two checks. 

stage resulted in a very low (about 5-10%) infection The continuous roguing of bakanae-infected 

tillers from infected hills (plants), from maximumof the harvested seeds. 
tillering to heading stage, remarkably reduced the

Presprouting or soaking of naturallv infected 

seeds. Benomyl (50% WP) and thiophanate-methyl amount of infected seeds to less than 4%. This 

(70% WP) provided very effective bakanae control confirmed the result obtained from the roguing 

from the dapog bed to field transplanting (Table treatment of the artificial infections. 
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Table 25. Effect of triphenyltin acetate 60% WP fungicide sprays at different rates of application an sheath blight 
control in rice seedlings.8 IRRI, 1982. 

Rate of application 

(kg formulation/2,000 liters 

suspension per application) 


3.00 e 

2.50e 

2.00 e 

1.50 f 

1.0 
0.509 
0.25 
0.00 (ch k) 

5 WAS 

5.5 
8.2 
8.8 

21.7 
235 
35.7 
38.1 
68. 

Infectionb (%) 
Mean Sheath blight 

7 WAS 9 WAS Infectionc controld (%) 

5.5 5.7 5.6 90.7
 
818 8.3 8A 86.1
 
9.7 7.8 88 85A 

18. 16.3 189 68.7 
21.0 19.8 21.4 64.6
 
288 25.2 29.9 50.5
 
31.7 24.3 31 A 48.0 
53. 58.7 60A 

*The first spray was applied at 3 WAS, tw ,ubsequent sprays were applied at weekly intervals; the test plants were ar
tificially inoculpted 1 day after the first spray application. bMean of three replications; each replication with five rows 
of IR1317-392-1-2 seedlings; based on the average infections of leaf sheaths and leaf blades of 25 seedlings picked at 
random every disease reading. CBased on the average of three disease readings at 5, 7, and 9 WAS. dBased on the mean 
infection. ePhytotoxic effect, observed as many brown spots on many leaves; few leaves with about 50% of leaf area 
affected; observed 4 d after tho first spray only. Mild toxic effect, few brown spots appeared on many leaves; small 
leaf areas only were affected; observed 4 d after the first spray only. gVery mild toxic effect, very few spots appeared 
only -n very few leaves; very small areas of leaf blades were affected; observed 4 dafter the first spray only. 

Table 26. Effect of fungicide sprays on sheath blight control in rice seedlings~a IRRI, 1982. 

Rata (kg or Infectionb (/) Mean Sheath blight 
Chemical liter formulation/2,000 liters infectionc controlg 

suspension/application) 4 WAS 5 WAS 6 WAS 7 WAS (%) (%) 

Tri.,enyltin 0.6 1.A 1.A 2.0 1. 1.7 96.7 
acetate (60% WP) 0.5 0A 1.0 1.A 4.1 1.7 96.7 

Thiophanate-methyl 
(70%WP) 1.0 23.1 23.1 22.9 C1.9 25.3 50.3 

Copper oxychloride 
(35% Cu) 3.0 35.2 26.0 22.6 28.9 28.2 44.6 

Dithianon (75% WP) 2.0 30B 30. 30.0 39.7 32.8 36.6 

Copper oxychloride 
(35% Cu) 1.5 36.6 36.6 32.0 30.3 339 33A 

Dithianon (75% WP, 1.0 37.0 37.0 299 39.7 35.9 29.5 

Pyrazophos 2.0 38.6 3L.6 37.9 39.2 38.6 24.2 
(30% E.C.) 1.0 39.9 39.9 40.1 372 39.3 22.8 

No chemical (check) 0.0 502 50.2 53.0 50.1 509 -

OThe first spray was applied at 3WAS, two subsequent sprays were applied at weekly intervals; the test plants were arti
ficially inoculated 1 dry after the first spray application. bMean of three replications; each replication with five rows of 
IR1317-392-1-2 seedlings; based on the average infect ins of leaf sheaths and leaf blades of 25 seedli gs picked at 
random every disease reading. CBased on the average of four disease readings at 4, 5, 6, and 7WAS. dBased on the mean 
infection. 

Brown spot. Foliar sprays. Some fungicidal 
sprays against brown spot were evaluated in the 
screenhouse, using Sekiguchi Asahi, a highly sus-
ceptible -iariety, which produces unusually large, 
commonly coalescing brown spot lesions. 
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Evaluated chemicals and rates are listed in Table 
28. Mebenil and Mancozeb, although not very 
effective, appeared best. 

Seed discoloration. Foliar sprays. Fungicide 
sprays were applied seven times at weekly intervals 



Table 27. Effect of presprouting treatment with benomyl and thiophanate-methyl of naturally infested seeds and 
ropuing of bakanaa.infected plants for bakanae control. IRRI, 1932. 

Concn 
Chemical (gformulation/liter 

suspension) 

Benumyl (50% WP) 1.0 

Thiopl'anate
methyl (70% WP) 2.0 

No chemical + roguing 
of infected plants 0.0 

No chemical (no 
roguing of infected 
plants) 0.0 

Infection (%) Infected Computed
Dapog Seed seedsf grain yieldg
bed infectlonN Dapog Tillesd Tillerse HOWl M Who)

8 DASb 10 DASb seedbedT 

0B 23. 0.3 6.4 0.01 0.1 3.3 2.44 

0. 25.8 0.3 4.0 0.01 0.1 4.8 2.31 

281.0 1.358. 14.4 14. 3.06 20.5 3. 2.02 

363.8 1,441.3 15.3 14.6 3.94 26.5 39. 2.06 
aMean of four replications; each replication with 250 g presprouted swds grown In a0.45- X 0.375-m dapog bed; test 
variety, IR42. b8 DAS = no. of infected seedlings with abnormal elongation symptoms only; 10 DAS = no. of infected 
seedlings. with abnormal elongation and foot rot symptoms. CBased on number of infected seedlings counted at 10 
DAS. Based on number of infected (abnormally ilongated) tillers/infected plant (hill) counted 2 MT from a 5.0- X 5.0
m treatment plot replication. 9Based on counts made one 5.0- X 5.0-m plot/replication of healthy and infected (ab
normally elongated) tillers and plarits (hills) at 2 MT. fBased on laboratory determination using Komada's medium to 
plate 100 surfaced-disinfested seeds; counting of infested seeds made 10 DAS. gFrom a harvest area of 16.0-m 2/replica. 
tion; grain yield at 14% MC. 

Table 28. Effect of fungicide sprays on brown spot control on variety Sekiguchi Asahi.5 IRRI, 1982. 

Rate (kg Lesions/seedlingb (no.) Brown spot
Chemical formulation/2,000 liters 4 WAS 5 WAS 6 WAS 7 WAS 8 WAS 9 WAS controlc 

suspension/application) (%) 

Mebenil 
(75%WP) 10 52 23.7 46.9 54.3 77.7 889 54.3 

Mancozeb 
(80% WP) 1.0 5.2 25.7 392 44.3 65.3 699 41.6 

Ch~orothalonil 
(75% WP) 10 4.0 13.6 35.1 51.4 76.3 82. 30.9 

Triphenyltin 
acetate (60% WP) 1.0 9.4 46.6 61.4 71.2 81.1 88.2 26.3 

Tricyclazole 
(75% WP) 0.7 9.2 41.7 74.0 1039 131.8 146.1 24.8 

BAS 3302F (82%WP) 1.0 10.4 39. 79.7 102.3 136.4 148.5 23.6 

'The first spray was applied to the test plants 3 WAS, two subsequent spravw were applied at weekly intervals; the 
plants were artificially inoculated 1 day after the first spray application; Seliguch, Asahi ! ixtremely susceptible to 
brown spot, with unusually large lesions. bMean of 25 seedlings picked at ri ndom from erch treatment (five rows of 
seedlings/plastic tray), marked and used for disease readings; nonreplicated trial. CBas, J on infection at 9 WAS. 

to 1R10781-143-2-3 plants from early booting to 
early ripening stage in the field. Glume discolora-
tion, as well as narrow brown leaf spot (NBLS), 
sheath rot, sheath blight, and neck blast, appeared 
naturally on the test plants. The effect of the 
chemical sprays on such diseases was also evaluated, 

In spite of a generally low disease incidence, 

Benomyl (50% WP) was especially effective in 
reducing seed discoloration and other infections 
(Table29). Benomyl-treated seeds were the cleanest. 
Mancozeb (80% WP) and chlorothalonil (75% 
WP), although apparently inferior to benomyl, 
provided similar grain discoloration control. Chloro
thalonil also showed effective NBLS control. 
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T"be 29. Effect of fungicide follar sprays on nod discoloration and fungus disass of rice. IRRI, 1982. 

Rate (kg Disease severityb 	 Neck blast 
infectionCChemical formulation/2000 liters 

suspension/ha SD NBLS ShR ShB (%) 
per application) 

1.	 2.2 0.6 0.5 0.1 5.6Benomyl (50%WP) 
0.6 OA 5.8Mancozeb (80% WP) 1.0 	 2.9 2.3 

Chlorothalonil 
3.0 1.1 0.7 0.3 	 7.7(75% WP) 	 1D 

0.5 9.2No chemical (check) 0.0 	 3B 3.8 0.9 

"Seven weekly spray applications at early booting until early ripening stage on IR10781-143-2-3 in the rice field. bMean 

of four replications; each replication with 8.05-m2 plot, SD - seed discoloration; NBLS = narrow brown leaf spot; 
noShR - sheath rot; ShB - sheath blight; based on degree of affected and/or infected amas using scales 0 to 9, 0 

lision or Infection: I = less than 1%; 3 - 1-5%; 5 = 6-25%; 7 - 26-60%; 9 - 51-100%; date taken at harvest time from 

1,000 panicles picked at random from each treatment plot. CMean of four replications; infection count made on 1,000 

panicles picked at random/treatment at harvest. 

Table 30. Effect of soil incorporation of rice grain-hull Sclerotlum rolfsi Inoculum at two volume ratios on Sclsrotlum 

sed;ing blight dieuen. IRRI, 1982. 

Seed iMg stand 	 Seodling stand 
reductionc (%)

Volume ratio reuctionc (%) Volui'e ratio 
Treatmenth of inoculum based on
 

(seeding time) to soil to soil
 

Check 1 Check 2 	 Cherk 1 Check 2 

of inoculum based on 

Immediately after 
50.1infection 1:5 55.5 60.8 1:10 45.5 

3 d after
 
72.7 1:10 	 03A 68DInfection 1:5 	 78.0 

7 d alter 
1:10 	 40.6Infection 1:5 53.8 59.1 	 36.0 

Check 1 (sterilized
 
rice grain-hull,
 

1:5 - 5.3 	 1:10 4.6mixed with soil) 

Check 2 (nothing 
- 0:10

added to soil) 0:5 

put in plastic trays and sown to IR42 in 10 rows at 20 seeds/row; unaSoil infected with 1- to 2-wk inoculum was 

infested soils were seeded similarly to the same variety. bMean of three replications; each replication with 200 seeds
 

equally distributed and seeded among the 10 rows/tray. CBased on seedling stand count taken 21 DAS. 

Sclerotium seedling blight. Seed treatment. Two efficient inoculation methods fof evaluating 

Sclerotium seedling blight is commonly encoun- chemicals are soil incorporation of rice grain-hull 

tered in seedbeds, dapog beds, and direct-seeded Sclerotium rolfsii inoculum and the spreading of 

dryland fields. It may cause substantial loss of the inoculum over the seeded rows. With soil 

seedlings for transplanting in rice fields and may incorporation, the 1:5 and 1:10 volume ratios of 

seriously reduce the seedling stand in dryland inoculum to soil and 3-d incubation in thc;nfected 

fields. Sclerotial bodies of the causal fungus are soil are best (Table 30). Spreading about 100 cc of 

commonly mixed with the seeds at harvest. Once I- to 2-wk-old rice grain-hull inoculum over 10 

are sown, the sclerotia germinate and seeded rows per plastic tray is also efficient forthe seeds 

attack the germinating seeds and seedlings, resulting evaluating fungicides for seed treatment.
 

in seedling stand reduction in seedbeds and in the Using the inoculum spreading method, carboxin
 

field. (75% WP) and triphenyltin acetate (60% WP)
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Table 31. Effect of treating the seeds with fungicides by slurry and dry powder methods on the control of Sclerotim 
sedling blight 8 IRRI, 1982. 

Seedling stand count (%) 
Rate (g 

Chemical formulation/kg Slurrj Dry powder 
seed) 

7 DAS 14 DAS 7 DAS 14 DAS 

5.0 95.3 92.7 93.0 90.8Catboxin (75% WP) 
1.0 92.5 89.7 872 85.2 

Triphenyltin acetate (60% WP) 6.3 85D 82.7 88.5 87.5 
1.3 87.7 86.0 88, 86.5 

NK-191 (10% dust) 37.5 9.2 90 7.0 8.0 
8.37.5 2.0 2.0 7.7 

0.0 5.7 5.7 15.0 15.7No chemical (check) 

aTreated and untreated IR42 seeds were seeded in rows In plastic trays filled with soil (10 rows/tray; 20 seeds/row); 

100 cc of 1-to 2-wk-old rice grain-hull inoculum was uniformly spread over the 10 seeded rows, which in turn were 
covered with soil. bMean of three replications; each replication with 200 seeds sown and equ~lly distributed among the 
10 rows/tray filled with soil. 

Table 32. Percentage of seedbome fungi on IR varieties grown In IRRI fields during the 1982 DS (harvested Mar 1982). 
Based on blotter test 200 seeds, 12 h NUV/12 h darkness, 8 d. IRRI, 1982. 

IR Seedbome fungi8 (%) 
varie

ty A B C D E F G H I J K L M N 0 P 

IR5 19 9 15 1 10 17 1 3 3 1 1 

IR8 19 8 24 2 1 70 1 1 1 2 1 5 3 3 

IR20 18 5 13 2 14 1 10 2 7 

IR22 20 4 14 4 21 1 3 
IR24 24 2 6 1 2 10 1 4 1 

IR26 44 5 17 2 10 13 1 4 1 1 

IR28 30 3 8 2 11 16 1 13 1 

IR29 37 3 18 3 19 16 1 3 

IR30 18 7 5 3 6 2 
IR32 11 1 1 3 1 1 1 

IR36 12 7 34 5 2 56 5 3 5 10 

IR38 18 7 28 13 15 2 1 2 2 

IR40 23 3 34 3 3 23 1 1 1 5 2 1 

IR42 18 3 11 1 7 10 6 
IR43 16 9 18 5 4 1 2 1 21 

IR44 10 6 3 6 5 5 3 

IR45 40 7 3 1 1 14 3 1 1 1 2 1 

IR46 51 14 3 1 1 2 1 1 1 2 

IR48 37 6 3 1 9 2 1 4 

IR50 25 2 12 5 20 22 7 1 6 1 2 2 

IR52 22 2 6 1 2 26 1 1 1 1 1 

IR54 41 3 12 10 13 50 1 6 5 1 3 8 

IR56 13 8 12 12 2 21 1 1 7 1 

IR9752 24 4 15 3 5 18 1 1 2 1 2 5 

Total 590 128 311 74 138 454 8 23 17 19 77 11 16 39 64 3 

Av 24.9 5.3 12.9 3.1 5.8 18.9 0.3 0.9 0.7 0' 3.2 0.5 0.6 1.6 2.7 0.1 

aA = Trichoconiella padwickii, B = Curvularia sp., C = Nigrosporg oryzae, D Phoma sp., E= Alternaria Iongissima, 

F = Fusarium semitectum, G = Drechslera sp., H = Pithomyce -sp., I = Fusarium equisite, J = Pyricularia oryzae, 
K = Cercospora oryzae, L = Sarocladium oryzae, M = Drechslera oryzae, N = Gerlachia oryzae, 0 = Fusarium 
moniliforme, P = Nakataea sigmoideum. 
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Table 33. Percentage of seedbome fungi on IRvarietles grown In IRRI fields during the 1982 WS (harvasted Oct '982). 
Based on blotter :est 200 seeds, 12 h NUV/12 h darkness, 8 d. IRRI, 1982. 

IR Seedborne fungi8 (%)
varie-

A B C D E F G H I J K L M N 0 P 

1 1 6 2
IR5 12 35 4 5 6 36 1 
IR8 34 12 2 16 31 26 1 1 4 1 8 2 

IR20 24 7 1 24 8 34 1 8 1 12 
1 3 1 8 1 1IR22 19 9 22 5 22 

9 2 13 1 3IR24 19 13 1 20 6 29 1 2 
IR26 34 16 1 13 8 29 1 1 12 1 10 1 1 

16 3 9 30 1 12 1IR28 63 20 1 
1 1 1 6IR29 64 17 1 14 10 

9 3 1IR30 57 11 8 1 12 
1 1 110 15 3 4 3 10 3 2 


IR34 27 17 5 14 

IR32 

4 24 2 1 15 1 
24 1IR36 62 16 1 9 3 9 
2 13
IR38 37 7 1 14 1 13 1 


IR40
 
3 3 3 1
6 10
IR42 43 15 4 6 


1 4 1 16 1 1
IR43 28 8 1 9 15 33 

1 1 12 1
IR44 51 8 2 8 2 9 1 1 


IR45 41 17 1 14 5 12 1 1 3 9 1
 
2 1 6
IR46 53 18 2 4 3 5 1 


2 3 1
IR48 20 16 5 7 1 

1 8 8 1 1
IR50 48 13 12 2 6 

1 1 18 1
IR52 44 10 1 28 4 11 


1 3 16 1
IR54 29 13 1 7 7 18 2 2 1 

1 6 8 1
IR56 67 4 1 8 3 3 


6 1 5 1 2
IR9752 34 27 1 16 1 1 


344 40 238 128 383 3 11 4 6 12 134 29 206 12 14
Total 920 

0.5 0.5
Av 38.3 14.3 1.7 12.4 5.3 15.9 0.1 0.4 0.1 0.2 5.6 1.2 8.6 0.6 

= Nigrospora oryzae, D= Phoma sp., E= Altemaria Iongissima,8A = Trichoconiella padwickii, B = Curvularia sp., C 
= Pyricularia oryzae,F = Fusarium semitectum, G = Drechslera sp., H - Pithomyces sp., I= Fusarium sp., J 

K= Cercospora oryzae, L = Sarocladium oryzae, M = Drechslera oryzae, N = Gerlachia oryzae, 0 = Fusarium 
moniliforme, P= Nakataea sigmoideum. 

provided very effective protection against seedling In the DS crops, Cercospora oryzae (NBLS) 

blight in both the slurry and dry powder treatments caused 3.2% average seed infection; Fusarium 

(Table 31). monififorme (bakanae), 2.7%; Gerlachia oryzae 
(leaf scald), 1.6%; and Pyricularia oryzae (blast), 

oryzae (brown spot), SarocladiumDrechsleraSEED PATHOLOGY 
oryzae (sheath rot) and Nakataea sigm 9dium 

The fungal seed microflora of IR varieties grown in (conidia! state ofthe stem rot fungus, Leptosl ',aeria 

IRRI fields during the 1982 DS and WS were salvinii)less than 1%. In the WS crop however, G. 
oryzae caused 8.6% seed infection on the average;studied. The results showed that the most comrion 

seed fungi for both seasons were Trichoconieia S. oryze, 5.6%; D. oryzae, 1.2%; and N. sig

padwickii and Fusarium semitectum (Table 32, inoideum, C. oryzae, F moniliforme, and P. 

33). oryzae, less than 1%. 
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TAXONOMY 

Correct names of rice field insects. A researcher's 
knowledge of the correct scientific names of rice 
insect pests and their natural enemies facilitates 
locating relevant scientific literature in abstracting 
journals, determining phylogenetic affinities, or 
choosing the parasite species to introduce against 
insect pests. Often, the host range of a parasite is 
specific to closely related species. 

Insects collected from rice fields or reared from 
rice pests are maintained in the reference collection 
of IRRI's Entomology Department. They are 
cataloged and sent to specialists throughout the 
world fnr authoritative determinations. The fol-
lowing list identifies 139 species determined by 27 
specialists. 

COLEOPTERA (beetles) 

Carabidae 
Anoplogenius microgonus Bates 
Batoscelis ceylonicus Matsumura 
Cicindelalacrymosa Fabricius 
Dryptageniculata(Klug) 
DryptajaponicaBates 
Ophioneaishii Habu 
COhioneanigrofasciataSchmit-Goebel 

Chrysomeidae 
Altica cyanea Weber 
ChaetocnemabasalisBaly 

Coccinellidae 
CoccinellarepandaThunberg 
Synharmoniaoctomaculata(Fabricius) 

Elateridae 
Aeleoderma brachmana(Candeze) 
Scarabaeidae 

Adoretus luridus Blanchard 
Adoretus ranunculusBurmeister 
Anomala sulcatula Burmeister 
HolotrichiaflachiBreuske 
Leucopholis irrorataChevrolat 

DERMAPTERA (earwigs) 

Carcinophoridae 
Euboreffiastali(Dohrn) 

Labiidae 
Auchenomus hincksi Ramamurthi 
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DIPTERA (fies) 

Agromyzidae 
PseudonapomyzaasiaticaSpencer 
Chironomidae 
ChironomuscrassiforcepsKieffer 
ChironomusjavanusKieffer 
Chironomuskiiensis Tokunaga 
Clynotanypus claripennisKieffer 
Cricotopusbicinctus Meigen 
CryptochironomusjavaeKieffer 

Chloropidae 
Anatrichuspygmaeus Lamb 
Chloropsstigmatella Becker 
Conioscinellagriseicollis(Becker) 
Conioscinella inaequalis (Becker) 
Conioscinella similans (Becker) 
Elachiptera umbrosa Becker 
Mepachymerus ensifer Thomson 
Mepachymerus singularis (Becker) 

Ephydridae 
Actocetor beckeri de Meijere 
Brachydeuteralongipes Hendel 
Discomyza maculipennis (Weidemann) 
Hydrelliagriseola (Fallen) 
Notiphilalatigenis Hendel 
Notiphilasimiiis de Meijere 
Notiphilaspinosa Cresson 
ParalimnaaequaiisCresson 
Paralimnaiineatade Meijere
Paralimnapicta Kertesz 
PsilopaflavimanusHendel 
Psilopapollinosa(Kertesz) 
Psilopasorella Becker 
Polytrichophorabrunneifrons(de Meijere) 
Scatella callisicostaBe77i 

Muscidae 
Atherigonafakata(Thomson) 
Atherigonaoryzae Malloch 
AtherigonapuncialaKarl 
Phoridae 

Megaseliascalaris(Loew) 
Pipunculidae 
PipunculusjavaensisMeijere 
Pipunculusmutillatus Loew 

Tomosvaryella oryzaetora(Koizumi) 
Tomosvaryella subvirescens(Loew) 



Stratiomyidae 

Evaza atripluma James 

Evaza scenopinoides (Walker)
 
Hermetia il!uscens (Linnaeus) 


Oplodontha rubrithorax (Macquart) 


Tachinidae 

Argyrophylax nigrotibialis(Baranov) 

Palexoristalucagus(Walker)
 

SarcphagdaeIchneumonidae 
Sarcophagidae 
Pierretia jitsingeri Shinonaga & Barrion 

HEMIPTERA (hoppers, true bugs) 

Macrosteles striifrons Anufriev 

Delphacidae 
Coronacella sinhalana (Kirkaldy) 
Euidellana celadon Fennah 
Harmalia anacharsis Fennah 
Harmaliaheitensis Fennah 
Opiconsiva dodona Fennah 

LygaeidaeXntoipase 

Elasmolomussordidus (Fabricius) 

Horridipamera nietneri (Dohrn) 

Neocymodema sulcicollis (Bergroth) 

Ninus insignis Stal 

Nysius pacificus China 

Nysius vinitor Bergroth 
Pachybrachiusinortatus (Walker) 

Pachybrachiusnigriceps (Dallas) 
Pachybrachiuspuberulus (China) 
Painerarmanigritula(Walker) 
Pamerarmaientralis (China)
 
Paraeucosmetuspallcornis(Dallas) 

Pseudopachybrachiusguitus (Dallas) 


Miridae
 
Creontiades pallidifer (Walker) 

Orthotylellusrufescens Usinger 


Pentatomidae 

Scotinopharacoarctata(Fabricius) 

Scotinophara latiuscula (Breddin) 


HYMENOPTERA (ants, wasps) 

Dryinidae 

Echthrodelphaxfairchildii Perkins 


PseudogonatopusflavifemurEsaki & Hashimoto 

Pseudogonatopusnudus Perkins 

Formicidae (ant) 
Anoplolepis longipes (Jerdon) 
Dolichoderus bituberculatus (Mayr) 
Odontoponeratransversa(F. Smith) 
Paratrechinalongicornis(Latreille) 

Amauromorphaaccepta metathoracicaAshmead 
CaenopimplaarealisCushman 

CampoplexpusilusGupta & Maheshwary 
Charops brachypterum(Cameron) 
EriboristerebransGravenhorst 

Itoplectis narangae (Ashmead) 
Leptobatopsisindica (Cameron) 
Meloboris sinicus (Holmgren) 
Temelucha philippinensis (Ashmead) 
Temelucha stangli (Ashmead) 
Trathalaflavo-orbitalis C.meron 
Trichomma cnaphalocrocis Uchida 

Xanthopimplaflavolineata Cameron 
Xanthopimpla punctata FabriciusatrTubg
 
Xanthopimplastemmator Thunberg
 

Mymaridae 
Anagrusflaveolus Waterhouse 
Anagrus optabilis(Perkins) 
Gonatoceruscingulatus Perkins 

Scelionidae 
Gryon nixoni Masner 

LEPIDOPTERA (moths) 

Noctuidae 
Spodopteramauritiaacronyctoides(Guenee) 

ODONATA 

Coenagrionidae (damselflies) 

Agriocnemisfeminafemina Brauer 
Agriocnemispygmaea Rambur 
Ischnurasenegalensis Rambur 

Pseudagrionpilidorsumpilidorsun, Brauer 

Libellulidae (cnagonflies) 

Diplacodestrivialis Rambur 
Macrodiplaxcora Brauer 
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NeurothemisterminataterminataRis 
PantalaflavescensFabricius 

ORTHOPTERA (grasshoppers,crickets) 

Acrididae (grasshopper) 
Ailopus thalassinustamulus (Fabricius) 
Gesonulamundata (Walker) 
Heteropternisobscurella(Blanchard) 
Oxya hyla intricata(Stal) 
Oxyajaponicajaponica(Thunberg) 
Trilophidiaannulata(Thunberg) 

Gryllidae (cricket) 
Euscyrtus concinnus (Haan) 
Gryllus bimaculatusDe Geer 
Loxoblemmus haaniSaussure 
Plebeiogryilusplebejus (Saussure) 
Teleogrylus occipitalis(Serville) 
Velarifictorusaspersus(Walker) 

Pyrgomorphidaergo

Atractomorphapsittacinapsittacina(Haan) 

STREPSIPTERA (twisted wingflies) 

Elenchidae 
Elenchusyasumatsui Kifune et Hirashima 

Halictophagidae 
Ha/ictophagusspectrus Yang 

THYSANOPTERA (thrips) 

Thripidae 

Haplothripsaculeatus(Fabricius) 

Stenchaetothripsbiforinis (Bagnall) 


Nomenclatural changes. Some recent changes in 
nomenclature include: the rice mealybug Bievennia 
(=Heterococcus)rehi (Lindinger), rice white leaf-
hopper Cofana (=Tettigella = Cicadella)spectra 
(Distant), rice leaf folder Cnaphalocrocis 
(- Cnaphalocrosis)medinalis(Guenee), gall midge 
parasite Propicroscytus mirificus (=Obtusiclava 
oryzae) (Girault), rice yellow stem borer Scirpo-
phaga(=Tryporyza) inceriulas(Walker), and rice 
white stem borer S. innotata(Walker). 

A new species of the sacrophagid fly, Pierretia 
litsingeriShinonaga et Barrion, was reared from 
the egg mass of the argiopid spider Argiope 
catenulata(Doleschall). 
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Foodweb of the rice white leathopper. The 
foodweb of the rice white leafhopper (RWL) 
Cofana spectra was determined and 107 species 
were found to comprise the host-parasite/ predator/ 
pathogen relationships (Fig. 1). Species of pred
ators (76) outnumbered the parasites (9) and the 
secondary natural enemies (30). Spiders (43 species) 
were the dominant predators, followed by aquatic 
hemipterans (12), odonatans (8), aquatic beetles 
(8), mites (2). amphibians (2), and an avian (1). The 

dominant parasite, a strepsipteran Halictophagus 
spectrus Yang, attacked the nymphs and adults. 
Gonatoceruscingulatus Perkins was the dominant 
egg parasite. U:Jlike the GLH, BPH, and WBPH, 
no dryinids and pipunculids were reared from the 
P WL. 

Two species of phytoseiid mites Amblyseius sp. 

were found to prey on RWL eggs. Until this record, 
only the mirid bug Cyrtorhinuslividipennis Reuter 
had been known as a hopper egg predator. 

Twenty species of hyperparasites, most of them 
taken from spiders, were recorded. Thirteen species 

belong to the families Scelionidae, Ichneumonidae, 
Braconidae, Tachinidae, and Sarcophagidae. Two 
species were fungi - Gibellula leiopus(Vuillemin)
Mainsley, from the micryphantid spider Callitrichia 

formosana Oi; and Synnematium jonesil Speare, 

from the mirid bug Cyrtorhinus lividipennis 
Reuter. Likewise, cha!cidoid wasps were reared 
from pupae of coccinellids and eggs of Cyrtorhinus 
lividipennis. 

Brown planthopper migration. Previous studies 
have established that BPH flight activity shows 
strongly markr" diurnal periodicity. There is a 
well-defined pc,. takeoff from the crop at dusk 
and a smaller p°ak at dawn. A clear seasonal 
periodicity is also associated with the cropping 
pattern. Work in 1982 concentrated on clarifying 
the normal BPH flight range in the tropics. 

Mature insects normally emigrate from the crop 
2-3 DE. The take-off flight is vertical and carries 
the insects intoair streams where they are passively 
transported for as long as they maintain altitude by 
continued flight. Vertical air movements may 
increase ordecrease lateral displacement. Once the 
insects are airborne, the dispersal range is deter
mined by flight duration and meteorological 
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be derived by comparing timed catches in different
iecfts 

traps. Suction traps at 1.5 m show flight activity 
occurring at times when emigration is not taking 

0 ,R36 place (Fig. 3). Most of this activity occurs at night.
30 -	 N_ IRW Yellow pan traps were used to monitor immigra

tion. When catches were divided according to the 

highest rate of catch occurred during the evening 

10 - take-off peak followed by substantial catches at 
Because yellow traps are more attractive

-night. 

0 	 during the day, this suggested that most immigra

tion occurs at night. If it does, light trapping may
0 2 4 6 8 10 12 A 16 18 20 

be a good way to monitor immigration.Flight dumvlit (h) 

A segregating light trap was constructed to 
2. Potential flight duration of BPH reared on susceptible(IR20) 


and resistant (11R36) rice, calculated from the lipid and glycogen investigate immigration timing. Under all circum
stances, it may not monitor actual immigration tolevels of adult insects. IRRI, 1982. 

the site because it can attract insects that otherwise 

conditions. Flight physiology and biochemistry would not terminate their flights. If they respond to 

studies show that flight durations, based on lipid the light, however, they must be behaviorally 

and glycogen ieserves and their utilization rates disposed to discontinue flying. The periodicity of 

can range from 2 to 20 h (Fig. 2). catch varied considerably from night to night 

Energy reserves of adult insects vary according (Fig. 4). Assuming the insects have taken off at 

to the host plant on which the insects were reared; dusk, the approximate flight duration can be 
determined. By combining this information withinsects reared on resistant varieties have lower 
detailed meteorological data, simulations of BPH reserves and, therefore, reduced flight potential. 

Durations of tethered flights in the laboratory are 	 flight tracks can be constructed. Figure 5 uses data 
from pilot balloon studies in conjunction withextremely variable among individuals; they range 
timed light trap catches. Wind speed and directionfrom a few minutes to 12 h and average 4 h for 

insects 2-4 d old. For other species, tethered flights vary considerably with altitude and it is important 

of insects deprived of tarsal contact are frequently to establish BPH flight height to obtain reliable 

longer than free flight and it is likely that most dispersal estimates. Radar studies are planned for 
1983 to investigate vertical distribution.flights are short. Considerable information on the 

nature of flight activity and on dispersal range can In temperate countries, BPH population devel-

Catch l%) 

ST15-

ET
 

10

1200 0000 	 1200 
Time 

3. Frequency distribution of emigration (ET) and suction trap (ST) catches for BPH at 

Liliw, Laguna, Philippines, 1982. 
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5. Simulated flight paths for BPH caught at Hanggan, Laguna, Philippines, on 6 Sep 1982 assuming different 

flight altitudes. The distance between the open circles represents I h flying time. Even at high altitudes, most 

insects caught in the first hour would have travelled no more than 20 km. 

opment is largely determined by the initial rate of ability among sites is high, suggesting considerable 

immigration into the crop. Immigration occurs local influence and there is very poor correlation 

over a limited period and can be measured to between trap catches and observed populations. 

predict whether damaging populations will result. These results show the importance of regulatory 

In the tropics, rice is available throughout the year mechanisms rather than immigration rate in 

within the potential BPH dispersal range and population development. 

immigration is possible at any time. Studies to Sampling for hoppers. A reliable high-tech

quantify the relationship between immigration rate nology technique based on suction sampling has 

and subsequent population changes have been been developed to provide good estimates of 

conducted at a number of sites in Laguna. Va'i- absolute population densities for planthoppers and 
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leafhoppers. To estimate their efficiency in deter-

mining population levels, visual count and sticky 
to suctionpaddle techniques were compared 

sampling. Samples were taken on eight occasions 

41-90 DT from 80 hills in each of three treatments. 

Suction sampling involvd placing a mylar en-

closure over the hill, which was then sampled with 

D-Vac followed by FARMCOP (Annual report 

for 1978). Visual counts involved briskly tapping 

ihehillfivetimesandcountingtheinsectsfailingon 
the water. The sticky-paddle technique involved 

placing a 30- X 30-cm board coated with sticky 

material at a 450 angle to the base of the rice hill. 
then tapped toward the board fiveThe hill was 

times and the insects adhering to the coating were 

counted. The relationship between population 

estimates for the visual count and sticky-paddle 

techniques, and the suction technique was exam-

ined. Correction factors were calculated to convert 
visual and sticky-the estimates obtained from 

paddle techniques into absolu-e population (Table 

1). For most anthropod categories, the sticky 

paddle gave more efficient estimates although 
much better for delphacidvisual counts were 

nymphs. There was little loss in precision, measured 

as the standard error in relation to the mean. This 
simple techniques aresuggests that these two 

promising methods for obtaining reliable popula-

tion data. 

BIOLOGY OF THE RICE GREEN SEMILOOPER 

High yield losses result from multiple insect infes

tation of rice plants at the vegetative stage. One 
pest, the rice green semiloopervegetative-stage 

ANaranga aenescens Moore (Noctuidae),(RGS) 
beenwas considered a minor pest, but has now 

elevated in importance. It occurs in Japan, Korea, 

Taiwan, and the Philippines. 
A mass rearing method was developed to facili

tate insecticide and rice germplasm screening and 

host range and damage studies. The noctuid moths 

are yellow with light red markings. The spherical 

eggs, yellow when newly laid, singly or in groups, 
develop purole markings at maturation in 3-4 d. 

narrow white stripesThe light-green larvae with 
running lengthwise along their bodies pass through 

Young l.-vae scrape leaffive instars in 10 d. 
mesophyll tissue between the leaf veins, leaving the 

thicker upper epidermis, which turns the leaves 

greyish white. Older larvae, feeding from leaf 
all but the midribs and makemargins, consume 

characteristic not.ches. The mature larvae fold the 

leaf tips twice over to form a triangular chamber 

for the pupae. Pupation takes 4 d and the moths 

have a life-span of 5-6 d. Adults survive better and 

lay more eggs in fully aerated rather than in 

enclosed oviposition ciges. Honey for adul,' sus

tenance does not increase egg production. 
Four parasitic wasps have been reared f:'om 

Charops brachypterumfield-collected larvae: 

(Cameron) and Ioplectis narangae (Ashmead),
 

(Hymenoptera: Ichneumonidae); Cotesia(=Apan

teles) flavipes (Cameron), and C. ruficrus(Haliday)
 
(Hymenoptera: Braconidae).
 

CULTURAL CONTROL 

Synchronous planting. Work on the feasibility of 

promoting synchronized cultivation among 

IRRI, 1982. 
Table 1. Calibration of two low technology hopper -ampling techniques 

a 

Arthropod
category 

BPH adult 
WBPH adult 
Delphacid nymphs 
GLH adult 
GLH nymphs 
CyrtorhinusA + N 
Microvelia A + N 
Spiders A + J 

Correction factor + SE
Ringe of 

po)ulation 
density Visual count Sticky paddle 

(no./hill) 

2.21 ± 0.404.36 ± 0.480.7 - 7B 3.73 ± 1.161.35 ± 0.390.1 - 6.5 10.00 3.031.71 ± 0.131.1 - 22.1 2.25 ± 0.217.62 t 1.043.1 - 18.7 4.00 ± 0.574.81 ± 0.724.6- 41.2 420 ± 0.498.08 ± 1.6712.6- 1063 5.05 ± 0.97425 ± 0.753.3 - 36A 8115 ± 1.0616.52 ± 2.997.5- 28.7 

908 Data from eight sampling occasions, 
4 1- DT. 
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farmers as a cultural method of insect control in 

irrigated rice culture continued in Zaragoza, Nueva 
Ecija. Forty-six light traps are tended by farmer-

cooperators in 23 mreas naturally varying in degree 

of planting synchrony. The total seasonal catch of 
locala pest species is used as an index of its 

abundance and the variance of planting dates 
within a specified radius of the light traps as a 
measure of asynchrony. Figure 6 shows prelim-

inary results obtained from one transect of traps 
during the 1981 DS. The correlation between total
seasonal catch and planting-date variance for the 

yellow stem borer (YSB) Scirpophaga incer;ulas 
rises to a highly significant peak at a radius of I km 
and declines thereafter, indicating that most dis-
persal occurs within this range. When separated by 
distances greaier than I km,the insects are unable 
to use the adcitional food resources that staggered 
plantings offer. For BPH, the greatest correlation 
is obtained at a radius of 2 km,suggesting that it is 
capable of considerably greater dispersal. Peak 

correlations at significant levels are also obtained 
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7. Correlation coefficient between seasonal light trap totals and 

the variance of plaiting dates as a function of the distance 

within which this variance is calculated: RCW and green 

semilooper. Nueva Ecija, Philippines, 1981 DS. 

for the RCW Nyimphula sp. and the RGS (Fig. 7), 

but at distances less than 1 km. 

Corroborative evidence for the relatively short 

range of average dispersal these results indicate has 

obtained by analyzing the catches in light 

traps set at increasing distances from isolated 
sources of naturally dispersing insects. In February 
1982, when an old-field area at the downstream end 
of an irrigation system was plowed for the first time 

in 6 yr, large numbers of BPH were recorded in the 
period.farmer-tended light traps over a 2-wk 

When these were plotted against distance from the 

edge of the area, a negative exponential decay 
provided a good fit (Fig. 8). By integrating this 
curve and resolving it around the origin, an 

estimated 80% of the insects dispersing moved less 
than 5 km. 

placed at distances oftraps were also 
0-485 m from a 1.5-ha field planted out of season 

when surrounding fields were fallow. The densities 
of several species declined markedly over this 
range. Figure 9 illustrates the pattern for male and 
female YSB. On the average, males appeared to 

disperse significantly further. Even without dis

counting the low level of moth emergence from the 
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stubble in the fallow fields, which tends to inflate 

the estimated dispersal range, it is reckoned by 
integration that 80o of females moved less than 

1.6 km. 
The data suggest that synchronized cultivation 

may reduce the potential for insect pest buildup. 

Because of the limited dispersal of a majority of the 
insects, synchronization is required across a 

relatively short distarce. If the maximum range of 

planting dates is restricteo within an area to a span 

corresponding to the generation of a species, there 

will be no more adult insects than those in fields all 

same day. Thus the most stringentplanted the 
synchronous cultivation criterion fo; BPH control 
is that, within a radius of 5 kin, 'he range of 

planting dates should be restricted .o 3 wk. Con-
siderably less rigid standards are needed to control 

the lepidopterous pests, such as stem borers, which 

generally have longer generation lengths and 

weaker dispersal abilities. 

Imposing too strict a schedule over a wide area 

may have several harmful consequences. Hire rates 

BPH (noa/2 ,uos) 10-23 February 1982 

50,000 

25,000 

10,000 
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01000 
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0 r 30,273e
(r2 0.87) 
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6 8 	 10 12 14 160 2 	 4 
Distance tram edge of area (kin) 

8. Catches of BPH in paired kerosene light traps as a function of 
distance from a newly plowed old-field area. Batitang, Zara-

goza, Nueva Ecija, Philippines, 1982 DS. 

Catch per trap: 19 .W-22 Feb 1982 
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9. Catches of male and female YSB in kerosene light traps as a 

function of distance from an isolated source field. Carmen, 

Zaragoza, Nueva Ecija, Philippines, before the 1982 DS. 

for transplanting labor and tractors for land 

preparation may be driven up by the concentrated 

demand and the synchronized harvest may cause 
the price of the marketed surplus to slump. Canal 
capacity may be inadequate to supply the required 

water. Finally, within the typhoon belt that covers 

most of the Philippines, excessive synchronization 

may put a wide area of crops at risk, and the 
traditional sharing and loan arrangements within 

villages affected by a storm may no longer be 

possible because there will be few who will escape. 

The most efficient means to implement synchro

nous planting on an irrigation system-wide scale is 

to vary the planting dates gradually from one end 

to the other. Farmers could rely on a scheme of 

tail-first irrigation that has been advocated as more 

equitable (Fig. 10). 
removes the food fromSynchronous planting 

the pests and can be made more effective if early 

maturing varieties are grown and if at least a 3-wk 
freence-fh period between crops is created by plowing 

down the rice stubble or allowing it to dry up. 
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10. Suggested plan forsynchronous cultivation duringthe WS relying on tail-first irrigation for the 17,000 ha of Zones 11and III of 

District Ill in the Upper Pampanga River Integrated Irrigation System, Nueva Ecija, Philippines. The plan isbased on the biological 

characteristics of the BPMt; areas planting more than 3 wk apart should be separated by at least 5 km to reduce the number of 
interval
 

generations that a given amount of rice will support. The tail-end of the irrigationsystem would be planted first over a ICP-d 


area would be planted 10 d later than the preceding area. The width of each planting area is 2.5 km. 
8-17 Jul. Each successive 

on GLH, showed m-7ked feeding preference for 
BIOCONTROL 

early-instar nymphs in a free-choice situation. 

have Figure 11 shows that parasitization preference was 
Hopper parasites. Dryinids. Experiments 


been conducted on the predation and parasitization evident.
 
of Pseudoat Investigation of the preferences

preferences of dryinid parasites to determine 
gonatopus flavifemur for various BPH stages

which stage they are most effective. Haplogona-
showed that, in a free-choice situation, early-instar

topus sp. and Pseudogonatopussp. both parasitic 
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11. Parasitization and predation efficiency of Haplogonatopus 

sp. and Pseudogonatopussp. c n different GLH instars. IRRI, 

1982. 

nymphs were preferred for predation. When no 
choice was given, the insects were able to use other 

stages for feeding (Fig. 12). 
Anagrus. Mass rearing techniques were devel-

oped for the egg parasite Anagrusflaveolus and 

studies were conducted on optimizing the produc-

tivity of cultures to provide insects for field-release 

experiments. Plants containing BPH eggs were 

exposed to adult Anagrus for 4 d, unparasitized 
hoppers were allowed to emerge, and then tfie 

plants were placed in parasite emergence cages. 

Figure 13 shows the emergence pattern, 
Parasites of the rice white leafhopper. Parasites 

attacking the eggs, nymphs, and adults of the RWL 

were determined qualitatively and quantitatively 
duringthe 1982WSatIRRI. Potted plants infested 
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12. Preference of P.flavifemur on different BPH stages. IRRI, 
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13. Emergence pattern of adult Anagrus from parasitized eggs 

of BPH. IRRI screenhouse culture, 1982. 

with hopper eggs laid by a greenhouse colony were 

set in a rice field each week from 28 to98 DT. Four 

species of egg parasites were recovered and the 

most prevalent was a mymarid, Gonatocerus 
cingulatus, which parasitized up to 17% of eggs 

(Fig. 14). 
Nymphs and adults were parasitized by a strep

ansipteran, Halictcphagusspectrus Yang, and 
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14. Abundance of rice white leafhopper Cqjana specira in rice 
field and light trap collections and parasitization by egg and 
nymphal/adult parasites. IRRI, 1982 WS. 

unidentified mite in the family Erythracidae. The 
parasites were recovered from nymphs and adults 
collected by a sweep net in the field and from adults 
collected live in a walk-in trap cage. Tue strep-
sipteran parasitized from 40 to 60% of the nymphs 
and adults collected in the field and less than 15% 
of theadults collected from the light trap, indicating 
that parasitized hoppers may be less prone to fly. 

The mite occurred less consistently on hopper 
nymphs and adults, but parasitized up to 20% of 

adults collected in the light trap. 
The most prevalent parasites recorded - G. 

cingulatus, H.spectrus, and an unindentified mite 

- do not attack the other commonly occurring 
rice leafhoppers and planthoppers. The parasites 
A.flaveolus and A. opiabilisare most common on 
the BPH, and Paracentrobiasp. has a wide host 
range. 

Effect of azolla on insect predators. Net samples 
of azolla, rice field water, and bottom mud were 

from transplanted rice fields, with and 
without azolla on 12 occasions from 6 Oct to 16 

Dec 1982. Higher numbers of predators were 
in fields with azolla (303) than in those 

without (19 1) (Table 2). 
inhabiting the water surface, which 

most the areas with azolla - Microvelia 
douglasi airolineata(Bergroth)(Veliidae), Paraplea 

sobrina (Stal) (Pleidae), and Ly'cosa pseudoan

nulata ( Boes. et Str.) (Lycosidae) were predators of 
rice hoppers. Spiders inhabiting the rice bund -

Pardosa birmanica Simon, Arctosa janetscheki 
Buchar, and Hippasa rimandoi Barrion (Lyco

- moved into fields covered with azolla. 
The water-inhabiting species - notonectid water
boatmen and coegnagionid damselfly naiads 
highly preferred azolla areas, libellulid dragonfly 

naiads preferred open water. 

The surface-dwelling gerrid water striders were 
common in open water. Other insect pre
appeared unaffected by azolla or there were 

not enough of them to make comparisons. 
of insect fungal pathogens. A collabora

tive survey with the Boyce Thompson Institute for 
Plant Research, Ithaca, New York, is under way to 

identify fungal pathogens of rice insect pests in 
Asia. Collections from 1979 to 1982 in five 
countries have produced 135 fungal isolates from 

rice pests, including nine species infecting rice 
planthoppers and leafhoppers in the field (Table 3). 
Each isolate iscultured, characterized, and tested 
for virulence against the BPIH, the principal target 
insect. The most virulent isolates will be field tested 
at IRRI to identify potentially usefui pathogens. 

Biological insecticides. Three formulations of 
Bacillusthuringiensiswere tested in the greenhouse 
for toxicity against third- and fourth-instar larvae 
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of rice armyworm Mythimna separata. Larvae 

were released onto caged potted plants previously 

sprayed to run-off at three dosage rates. Dipel was 

elfective at all rates, causing high mortality after a 

3-d exposure, even at the lowest rate. Bactospeine 

was effective above 10 g/ liter. Thuricide gave poor 

control at all rates. 
Sex pheromones. Collaborative research with 

the Tropical Products Institute (TPI), London, on 

the identification and use of sex pheromones of 

lEpidopterous rice pests continued. 

con-Pheromone identification. The YSB was 

firmed to produce a female sex pheromone. Virgin 
from fieldfemale moths, laboratory-reared 

to bait sticky trapscollected pupae, were used 
1981). Single female moths(Annual report for 

caught up to 12 males/trap per night and were 

attractive for at least 3 nights. Large numbers of 

virgin female moths were used in entrapment 

equipment designed to collect female pheromone 

for subsequent chemical identification at TPI. 

Mating disruptionfor insect control. After the 

Tale 2. Effect of azolla on rice insect predator populations In a rice field. IRRI farm, 6 Oct.16 Dec 1982. 

Predators8 (no./family) 

Rice field Hemiptera 

A B C G) E F G H I J 

With azolla 
Wlthout azolla 

57 
31 

38 
20 

28 
16 

26 
10 

4 
3 

2 
2 

2 
13 

1 
2 

24 
18 

18 
20 

Coleoptera Odonata 
_________________Total 

K L M N O P 

14 11 8 6 17 0 
9 10 4 6 2 7 

Araneae 

Q R S T 

42 
16 

2 
1 

1 
0 

2 
1 

303 
191 

- Nepidae, 
= Veliidae, B= Pleidae, C= Notonectidae, D = Mesovelildae, E- Ochteridae, F 

aTotal of 12 rit samples. A Gyrinidae, M - Carabidae, 
G = Gerridae, H = Belostomatidae, I = Dytiscidae, J = Hydrophilidee, K = Hydraenidae, L 

= Lycosidze, R = Theridiosomatidae, S- Theridildan, and 
N - Staphylinidae, 0 = Coenagrionidae, P= Libellulidae, Q 

T = Tetragnathidae. 

Table 3. Nine species of fungi infecting rice planthoppirs 

and leafhoppars, identified from 1980 to 1982 from five 

Asian countries. 

Fungus 

Hirsutella citriformis 

Erynia delphacis 

Metarhizium anisopliae 

Beauveria bassiana 

Verticillium/lecanii 

Entomnophagaaustrallensis 
Hirsutel/a sp. 

Tilletiopsis sp. 

Paecilormyces sp. 


Host Origin 

BPH PhilippinEs 
Malaysia 
Indonesia 
China 

BPH Indonesia 
China 
Philippines 

GLH Philippines 
WBPH Indonesia 
BPH Philippines

China 
ZLH Malaysia 
WBPH Philippines 
BPH Philippines

China 
GLH Philippines 

China 
BPH Philippines

Indonesia 
BPH Indonesia 
BPH 
WBPH 

Malaysia
Indonesia 

BPH Thailand 
BPH China 
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aTable 4. Contact toxicity of insecticides qpplied with 
for BPH,Potter's spray tower 


control.a IRRI insentary, 1982.
 

Insecticide 

Phosmet 50 WP 
Phenthoate + BPMC 35 EC 
Heptachlor 3 E 
Fenthion 50 EC 

Carbaryl XLR 48 F
 
Oncol 40 EC 

CGA 73'0240 40 EC 

Kitazin P+ malathion 70 EC 

Carbofuran 12 F 


LAB 131 594 125 EC 
LAB 137 385 I 50 EC
 
SAS 263 21 120 EC 

WL 085871 5WP
 
Pyridaphenthion 50 EC 

Ethoprop 6 EC 

Dicarzol 500 50 WP 

Carbarmult 38 WP
 
Diazinon 20 EC
 
Carbofuran 12 F 

Dicrotophos 20 EC 


a1 R> 80% mortality. 

GLH, and WBPH adult 

Mortality 

BPH GLH WBPH 

Test 

0 

0 
4 

0 
a 
e 

0 
Test2 

0 0 a 

a 
a * 

• 

a 
a 



successful use of stabilized microcapsule formula-

tion of the synthetic pheromone of Chilo suppres-

salis to disrupt mating in cages (Annual report for 

1981), trials were done in the open field. In such 

trials, the formulation caused greater than 90% 

communication disruption, as measured by the 

reduction in catches of pheromone-baited traps. 
As measured by overnight exposure and sub-

sequent dissection (to determine mating status) of 

virgin femae moths with cclipped wings, mating 
disruption was lower (31% over 5d). 

CHEMICAL CONTROL 

Insectidde screening. Coded and commercial in-

secticides were evaluated for effectiveness against 

the BPH, WBPH, GLH, rice bug Leptocorisa 

oratorius, leaf folder Cnaphalocrocismedinalis, 
and armyworm Mythimna separata. 

Contact toxicity. Efficacy of insecticides as 

contact sprays was measured using the Potter's 
spray tower. The insects were sprayed with the 

insecticides and placed on untreated seedlings. Of 

21 insecticides tested (Table 4), 13 were effective 

( 80% mortality) against one or more of three 

hopper species (BPH, WBPH, and GLH). Only 

BAS 263 211 and ethoprop (Mocap) were effective 
against all three. Heptacbor, fenthion, CGA 

73'0240, dicarzol 500, and dicrotophos were of-

fective against BPH and WBPH and comparable 

with carbofuran, the standard control. 
Forty-three commercial and coded insecticides 

were tested by dipping the fifth-instar armyworm 

larvae into the insecticide solutions for 30 s. 
Triazophos, BPMC +chorpyrifos, azinphos ethyl, 

mor-

tality (Table 5). The most toxic new and coded 
monocrotophos, and diazinon caused 100% 

compounds were methidathion, M 9918, phoxim, 

and DPX. 
Insecticides effective for control of armyworm 

larvae were screened further for ovicidal activity 

(Table 6). 
Foliarsprays. Insecticides were further screened 

to test their efficacy and residual activity as foliar 

sprays. Plants were sprayed with insecticides and 
infested with untreated insects. Promecarb and 

formetanate provided effective knockdown at I 
DAT against BPH and WBPH (Table 7). Ofunack 

had the longest residual activity against the WBPH, 

Table 5. Contact toxicity of insecticide using the dipping 

larval control. IRRI Inctary, 1982.method for armywom 

Mortality 
at 48 HTbInsecticides 

Ml
 

Test 1 

Triazophos 40 EC 100 a 
BPMC + chlorpyrifos 31.5 EC 100a 

Azinphos ethyl 40 EC 100 

Monocrotophos 30 EC 100a 
Diazinon 20 EC 100 8 
Propoxur 20 EC 77 

bc 
b 

Carbophenothion 48 EC 63 

57 bcMethomyl 18 EC 
53 bcAcephate 75 WP 
40 cdPhosphamidon 60 EC 
40 cdCarbaryl 85 WP 37 cdMrMCSOWP 37 cd

BPMC 50 EC 


17 e
MIPC50WP 
17 deEndosulfan 35 EC 7 eControl (water) Ts 
Test 2 

100 aMethidathion 40 EC 

M 9918 20 OE 100 a
 
Cypermethrin 6 EC 97a
 

1008
US SF-140 F 
1008 uc 4229 100 SP 

100 aRH 0308 48 EC 
1008UC/MP 19779 48 EC 

FMC 35001 (Marshall 20 EC 97a
 
UC 27867 50 WP 100 a
 
Monocrotophos 30 EC 100a 

73 bDioxe.arb 50 WP 
97aMethiocarb 50 WP 


RH 0994 48 EC 100 a
 
17 c
Dioxailon 96 EC 
0 cControl (,:adter) 

Test 3 
1008Phoxim (Volaton) 50 EC 
100aDPX 5183 20 EC 
97 a

335 Cc 


NS 8265 75 EC 1008
 
97 a335 Bd 

Propoxur (Baygon) 20 EC 97 a
 
100a


MTI 500 20 EC 

JF 8251 10 EC 100 a
 

100 a
Pirimiphos methyl + 

Carbophenothion (Aktrion) 20 EC
 

63 bU57770 85 WP 

Monocrotephos 30 EC 100 a
 

70 b
U56295 85 WP 
100 aMTI 220 20 EC 

3cNNI 750 50 WP 
B. T. product (Backie) 3 c 

0 cControl (water 
'Applied at 0.075% concentration. bAy of thre replica

tions. c deltamethrln + BPMC. d3 35 B + neem oil 0.1% + 

EMCOL H500. 

CONTROL AND MANAGEMENT OF RICE PEST. 195 



providing 90%control at 20 DAT. 
Forty-three insecticides, applied as foliar sprays, 

were screened for effectiveness in controlling 5th-

instar armyworm. Sixteen provided effective 

control (Table 8). 

Table 8. Ovicidl effect of different commercial iny1cti2 
ieon the amyworm. IRRI inectary, 1982. 

Insectlcides Unhatched egp (%) 

ethyl
AzinphoT 


BPMC + chlorpyrifos 
Dlazinon 
Monocrotophos 
Trlazophos 
Propoxur 
Control (water) 

UCIMP 19779 50EC 
Cypermthrn 5 EC 
Methidathion 40 EC 
Methomyl 18 EC 
Carbosulfan 20 EC 
UC 27867 50 WP 
Azlnphos ethyl 40 EC 
Mathiocarb 50 WP 
uC54229 100 PCarbaryl 85 WP 

Acephate 75 WP 
Carbaryl 48 F 
Control (water) 

81 a 


78a 

81 
49 b 
59 b 
9 c 
1 d 

Test 2c 
100 a 
100 a 
99 a 
98 a 
9693 abab 

91 ab 
80 b18 c 
81 b 

12 c 
10 c 
15 c 

OEggs were dipped in a0.075% conGcintration of the Insec-

ticide for 30 S. bAv of four replications. CAr of three 
replications. 

Among insecticides applied as foliar sprays, 
BPMC + chlorpyrifos and diazinon had high 

levels of fumigation activity against the adult 

armyworm (Table 9). 
Insecticides applied as foliar sprays were eval

uated for activity against the leaf folder. Plants 
were placed on were sprayed 2 wk after larvae 

them. The larvae were located in rolled leaves at the 
time of spraying. Eleven insecticides provided 

effective control (Table 10). 
Granules. Of II granular insecticides screened,

carbofuran 3G and diazinon 5G effectively con

up to 5 DAT whentrolled BPH and GLH 
broadcast into rice field water. 

Only carbofuran 3G effectively controlled army
worm at 14 DAT. The insecticidal activity of 
carbofuran 3G was evident at 24 HC on the treated 
plants. The efficacy of carbofuran 3G was indicated 

by the low rate of defoliation. 
Seed treatment. Seeds were treated with carbo

sulfan and carbofuran, coated with calcium per
oxide, covered with 1cm soil in porcelain pots, and 

flooded with 5 cm water. Calcium peroxide 
provides 02 to the submerged seedlings and the 
insecticide protects the young seedlings from early

season pests. In a laboratory test, carbosulfan at 

200 g ai/ha controlled BPH and GLH up to 29 
DAS. Carbofuran did not control the two hoppers. 

In a field test, hopper control by carbosulfan was 

very poor. 
Pesticide combinations. In a test for contact 

Table 7. Knockdown and residual activity of insecticides appliod as folier spray for BPH, GLH, and WBI 'Icontrol. 

IRRI, 1982. 

WBPHGLHBPH 

Residual Knockdown ResidualResidual KnockdownInsecticides Knockdown 
mortalit mortalitymortalit mortalitymortality mortality 

(0,8 0%VD 1>60 %)c (>80% (>60%)c
((0 11>60%)c 

Promecarb 38 WP
 
Formetanate 50 WP a
 

Carbofuran 12 F a
 
Ofunack 50 EC
 
Dicrotophos 20 EC
 
WL 08571'5 W"
 
LAB 137385 150 EC
 
Diazinon 20 EC
 
BAS 263 211 20 EC
 
LAB 131 594 I25 EC 
Ethoprophos 6 EC 

at 0.025 kg ailha. bl DAT. c20 DAT.8 Applied at the rate of 0.75 kg ailha, except WL 08571 
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Table I. Effect of Insecticldes applied a foller prays on 
IRRI inec-51h.inatar amyworn leae caged 1 DAT. 

tawy, 1982. 

Mortality Defoliationb 

Insecticides at 48 HC (43) 

Test I 
aeTrlazophos 40 EC 

Monocrotophos C 

a0Azinphos ethyl 
Carbaryl e 

0Acephate 
BPMC + chlorpyrifo 

Methomyl 


BPMC 
Phosphamidon 

Carbophenothion 

Diazinon 
Endosulfan 
MIPC 

MTMC 


Test 2 


M 9918 20 OE e 


RH 0308 48 EC 

M 10604 20 OE 

Triezophos 40 EC 

0
Methidathion 40 EC 


RH 0994 48 EC a 

UC SF-1 40 F 


•FMC 35001 (Marshal) 
aUC/MP 19779 50 EC 


UC 27867 50 WP 0 

UC 54229 100 SP 

Cypermethrin 5 EC 

Methiocarb 50 WP 

Dioxacarb 50 WP 

Dioxathion 96 EC 


4deltamethrinMTI 22020 ECC 
•0MTI 500 20 ECc 

0e57770UU 5625 8585 WPWP
 

335 d * 


335Cd a 

JF 8251 10 EC 

Propoxur (Baygon) 20 EC
 
Phoxim (Volaton) 50 EC 

NS 8265 75 EC 

Carbaryl XLR 48 F 

Pirimiphos methyl +
 

carbophenothlon 20 EC 

Buprofezin 50 WP 

B. thuringiensis 

(Backle)v
 
Triazophos 40E C 0 


AIlrates 0.75 kg ei/ha unless otherwise noted. bLeaves 
= no damage, 10 = 100%

checked for damage at 48 HT: 0 


destruction. cO.05 kg al/ha. di liter/ha. e0A kg/ha. 


9. Fumigant effect of commercial Insecticides onTable 

the armyworm adults. IRRI Insectary, 1982.
 

Mortality 
Commercial at 48 HC 
insecticide (80%) 

Azinphos ethyl 40 EC 

BPMC + chlorpyrifos 31.5 EC 
Diazinon 20 EC 
Monocrotophos 202 R 30 EC 
Triazophos 40 EC 
Propoxur 20 EC 

Table 10. Toxicity of insecticides applied to the rice leaf 
folder Cnaphalocrocis medinalls a foilar spray. IRRI 

insectary, 1982. 

MortalityM a80%)Insecticide 
(>80%)
 

Test I 
0335 B& 


335 Cb
 

JF 82510 0 

MTI-500
 
MTI-220
 
Chorphoxm (Volaton 500) 

NS 8265d C
 
Cypermethrin 5 EC 

Test2Monocrotophos 16.2 EC T 
0

M 10604 20 OE
 
Methidv;hlon 40 EC
 

RH 0308 48EC
E
 
RH 0994 48EC e
 
Monocrotophos 30 EC
 

M 9918 20OE
O
 
UC 27867 50 WP
 
UC 54229 100 SP
 
Dioxacarb 50 WP
 

+ BPMC + neem 

oil. Cpirimicarb + pirimiphos ethyl. dphenthoate + BPMC. 
+ BPMC. bdeltamethrin 

toxicity against BPH, GLH, and WBPH, fungicide

insecticide combinations were applied in the 
Potter's spray tower and as foliar sprays in the 

iaboratory. The mixtures of IBP (fungicide) and 

malathion showed synergism on BPH, GLH, and 
WBPH (Table !1). Combinations of edifenphos 

(fungicide) or IBP (fungicide) and carbaryl also 

showed a synergistic effect on BPH (Tabie 12). The 

combinations of these fungicides and diazinon, 

carbofuran, or BPMC showed no synergism. 

+ BPMC and
Combinations of deltamethrin 

neem oil were tested forBPMC + 

contact toxicity on BPH, WBPH, and GLH in the 
deltamethrin + 
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Table 11. Evaluation on in s-ctickdefungickide (IBP) mix-
ture applied in the Potter's spray tower for BPH, GLH, 
andWBPH control. IRRI insectary, 1962. 

Mortality (%)at48 HTa 

WBPHBPH GLH 

81.3 c
25 parts malathion + 48.8 a 85.0 a 

75 parts IBP 
75 parts malathion + 30.0 b 65.0 b 92.5 ab 

25 parts IBP 
563 a 85.0 a 92.5 ab

50 parts malathion + 
50 parts IBP 


Malathion 50 EC 28.8 b 66.3 b 88.8 bc 


IBP (Kitazin P)48 EC 23.8 b 10.0 c 5.0 d 


8Av of four replications, 

Table 12. Synergistic effect of a mixture of fungicide and 

insecticide applied .n the Potter's spray tower for BPH 

control. IRRI Insectary, 1982. 

MortalityTreatmentf 
48 HT %) 

13 IiA - Carbaryl 85 WP 
25 fghiB - Dillnon 20 EC 


C - Carbofuran 12 F 95 ab 

97 abD - BPMC 50 EC 

IjE Edifenphos 50 EC 13 
17 hijF- IBP 48 EC 

Untreated 7 i 
23 ghi7 parts A + 3 parts E 
37 fg3 parts A + 7 parts E 

70 e
7 parts A + 3 parts F 
87 bcd3 parts A + 7 parts F 


7 parts B + 3 parts E 43 f 


15 ij3 parts B + 7 parts E 
38 fgh7 parts B + 3 parts F 
33 fgh

3 parts B + 7 parts F 
92 bd

7 parts C + 3 parts E 92 abc 
3 parts C + 7 parts E 

7parts C + 3 parts F 98a 
90 abc

3 parts C + 7 parts F 
7 partsD+3partsE 83 
3 parts D + 7 parts E 37 fg 

88 bcd7 parts D + 3 parts F 
3 parts D + 7 parts F 78 de 

-
com-aFormula in the computation of the parts of the 


pounds In the solution: 


Amt of formulated product 

needed In the spr' j;;lid desired 


% recommended concn X amt spray fluid required 


%al in commercial product 


10 
X 

REPORTFOR1982Xparts needed. 
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Potter's spray tower. Only the mixture with neem 
was more effective against GLH than the standard 
check carbofuran 12F. 

Insectistatics.The growth regulators LAB 141 

305 1 and buprofezin were tested in the laboratory 
on BPH, GLH, and WBPH. Buprofezin at 0.5 kg 

ai/ ha was effective against the three hoppers. LAB 
141 305 I was effective against none. 

As a granular formulation, buprofezin provided 

>70% mortality of BPH and WBPH at 0.25-0.75 

kg ai/ ha at 15 DAT, but was not effective against 
GLH (Table 13). It had no effect on first-instar rice 
bug nymphs kept for 20 DAT on treated plants in 

the laboratory, nor was it toxic to natural enemies 

Microvelia atrolineata or Cyriorhinus lividipennis 
when it was applied as a foliar spray in the 

laboratory. 
In field studies, buprofezin, alone or combined 

with other insecticides, provided effective BPH 

control, but had no effect on leaf folder and stem 

borer. Yields were increased by the application of 

buprofezin alone and in combinations. 

WS studies in Calauan, Laguna, showed that the 

BPH resurgence-inducing activity of an insecticide 
can be decreased by mixing it with buprofezin. 

Plants treated with combinations of buprofezin 

and deltamethrin (Fig. 15) and phenthoate (Fig. 
16) had lower BPH populations than those treated 

with deltamethrin or phenthoate alone. 

Table 13. Lzb(. .ory evaluation of buprofazin 2G for 

BPH, GLH, and WBPH control. IRRI insectary, 1982. 

Mortality 
15 DAT

Rate M 

BPH 
72.5 b

0.750 87.5 a 
0.500 72.5 b0.250 

50.0 c0.125 
7.5 dG.000 (untreated) 

GLH 
12.5 a0.750 7.5 a0.500 
2.5 b0.250 10.0 a0.125 0.0 b0.000 (untreated) 
WBPH 

97.5 a
0.750 87.5 ab0.500 77.5 b0.250 

20.0 c
0.125 17.5 c0.000 (untreated) 

http:0.25-0.75


Susceptibility of EPHbiotypes to insecticides. 
N%"Os (no. /hil) 	 l 1  

' The difference in the LD50 values of carbofuran 

'and monocrotophos among the three BPH bio:ooo 
y types was not significant (Table 14).y /600 

50 values of insecticidesfor rice bug. Of the 
400  alLD	 

five insecticides tested, UC 54229 was highly toxic 
200 -t 

to both the rice bug nymphs and adults (Table 165). 

Insecticide resistance. IRRI field-collected andj100 	 greenhouse-reared fifth-instar BPH nymphs were 
o
80	 

placed on foliar-sprayed plants to determine their 
60 

40 - response to chlorpyrifos + BPMC, BPMC, and 
acephate. Mortality of the greenhouse-reared BPH 

Untreated 

was significantly higher than that of the field

10 collected BPH (Fig. 17). This indicates that BPH 

on the farm have some resistance to the test 
methri6-

4 . -insecticides. 

A AI 	 Botanicalinsecticides. Evaluation of chemicals 

derived from plants was continued. 
B one ofneem (Azadirachta indica), chinaberry1,,Effects 

80 100
20 40 60 

Days after tronsplanting 

Table 14. Toxicity of carbofuran and monocrotophos to 
15. BPH nymph population when buprofezin (B) was applied 

the three BPH biotypeLbrachypterous female adults of 
with deltamethrin. Calauan, Laguna, Philippines, 1982 WS. 

IRRI insectary, 1982. 
Triangles (T)show time of application. 

LD50 (pg/g)
 

Nyn;;,hs(no./hill) Biotype
 
Monocrotophos
Carbofuran 


1000 
18.7821.6a1 16.4 a600 	 16.4A2 132 a
Phenthoofe 	 3 27.8

400200 


"
 200 --

15. Toxicity of five insecticides to the rice bug.
Table 

insectary, 1982.100 	 /IRRI
60 L 95%fiducial 

40 -- ' Insect age Insecticide LOso limit 

Lower Upper 
20 

Thlrd.Ilnstrnymph
10 	 I B + P 

6B 	
Carbaryl 3.92 ab 2.39 6.99 

+ Phenthote 
Diazinon 5AO a 2.75 14.50

4 
0.79 abc 0.43 1.65I.MonocrotophoS 	 4.18ab 6.48'" ., 	 UC27867 2.81 

UC 54229 0.62 bc 0.32 0.99 
2 o 

Adult 
100 	 Cerbaryl 0.48 c 0.25 1A3 

20 40 60 80 

3.570.77 abc 0.36 

Days offer c 1.94
Dlazinon

transplonting 	 0.11Monocrotophos 029 
3240.89 abc 0A5UC 27867 


16. BPH nymph population when buprofezin (B) was applied 	 0A7UC 54229 0.29 c 0.20 
Laguna, Philippines, 1982 WS. 

with pheathoate. Calauan, 

Trianggles (1)show time of application.
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coPr sect (Table 16). Neem oil and chinaberry oil were
Morfity (°48h ofte 

40- Ch/orIflos 214 aIC105 rC equally effective against WBPH. However, china

berry oil was not as effective as ncem oil against 

BPH. Neem oil and chinaberry were not effective 
against GLH. Custard-apple oil was moderately

20-


0r-... ............
o___............___........._-----

BPMC5OEC40 

20V 

01. 
 -
Aaao7SP40-


20 
.. 


0" 
 5 100 1 oav after tretment 

17.Comparison in BPH mortality between greenhouse-reared, 

insecticide-free BPH populations and populations collected 

from the IRRI farm in Apr-Jun 1982, following insecticide 

foliar spray treatment at 0.75 kg ai/ha. 

(Melia azedarach), and custard-apple (Annona 

squamosa) seed oils on hoppers and their pre-

dators. Oils were evaluated for toxicity to the 

GLH, BPH, and WBPH and two of their common 

predators, the mirid bug Cyrtorhinuslividipennis 
and spider Lycosapseudoannulata.Custard-apple 
oil was most effective against BPH and WBPH, 

causing 71-100% mortality at doses of --5pg/in-

effcctive at high doses. 

Neem and chinaberry oils were slightly toxic to 
the mirid bug at 50 jg/insect. Custard-apple oil 

was moderately to highly toxic at 10-50 pg (Tab!e 
17). 

Survival of and tungro virus transmission by 
greenleaf/hopperonrice treatedwith custard-apple 

andneem oils. Both custard-apple and neem oils 

reduced GLH survival (Table 18) and RTV trans
mission (Table 19). Less than 10% of the GLH 
survived 3 d after exposure to TNI seedlingssprayed with the oils in both treatments. RTV 

infection was reduced to less than 1%in seedlings 
sprayed with 50% custard-apple oil after exposure 
to 2 d ofinoculation feeding by viruliferous insects. 

Effect of azadirachtin on brown planthopper 
and green leafhopper nymphs. Azadirachtin, a
tetraeyelic triterpenoid in neem seed, was tested to 

determine whether contact with fifth-instar BPH 

and GLH nymphs would prevent them from 
molting into the adult stage. Topical application of 
1-15 pg azadirachtin/nymph resulted in a sig

nificant decrease in emergence of BPH adults at all 

doses (Table 20). At 15 jg, no BPH adults emerged 
and only 10% ofthe GLH adults emerged. Where 

adults emerged from treated nymphs, various 

degrees of adult abnormalities, such as retention of 

nymphal exuviae and distorted wings, were ob

served. 
Insecticidalactivity of an indigenous plant 

extract. The activity of apurified fraction isolated 

Table 16. Mortality of BPH (biotype 1), WBPH, and GLH adults topically treated with seed oils of neom, chinaberry, 

and custard-apple. IRRI, 1982 

Mortalityb at 24 HT (%) 

Chinaberry oil Custard-apple oil
Dose Neem oil 

GLH BPH WBPH GLHBPH WBPHBPH WBPH GLH 

b 91 b 15 b5 b 31 c 3a 71
5 3 c 48 1 58 

7 b 83 b 5a 100a 98ab 22 b 
10 27 b 77 c 5n 

84 b 7a 100a 100a 58a
90 b Be 15ab20 67a 

17a 100a 1008 61a
 
50 82a 100a 14a 28a 96a 


8Av of six.repllcations, 10 insects/replicate.bData corrected using Abbott's formula.
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Table 17. Mortality of the mirld bug and the ipider topically teated with seed oils of neem, chinaberry, and custard

apple. IHRI laboratory, 1982. 

Mortality at 24 HT (%) 

Dose Neem oil Chinaberry oil 
(Aglprodator) Miridb Spider Miridb Spider 

5 5b 0 2b 0 
10 21 ab 0 15ab 2 
20 16 ab 2 15 ab 0 
50 26 a 4 21 a 0 

aAvof four replications, 10 Insects/replicate. bData corrected using Abbott's formula. 

Custard-apple oil 

Miridb Spider 

21 c 0 
48 b 0 
52 b 0 
92 a 10 

on TN1 seedlings sprayed with oil. IRRI insectary, 1981-82.Table 18. Survival of GLH after expowne 

Survival (%) 

Oil Id 2d 3d
 
concn
 

(%) Custard- Neem oil Custard- Neem oil Custard- Neem oil 
apple oilapple oil apple oil 

0.0 b 7.0 b5 25.0 b 57.5 b 5. b 23.5 b 
5.5 b 16.5 bc 0.5 b 5.5 b10 27.6 b 36.5 cd 

bc 1.0 b 0.0 b20 22.5 bc 42.0 c 6.0 b 8D 
1.5 b 2.5 c 0.0 b 0.0 b30 16.5 bc :4D cd 

2.5 c 0.0 b 0.0 b 

0 95.5a 86.5 a 80D a 
50 1.5 c 26.6 d 0.0 b 

"Control treatment was common to both oils. (Control: water + 0.1% liquid detergent.) 

rice seedlings sprayed with oils after exposure to viruliferous insects. IRRI insectary,Table 19. RTV infection in TN1 
1981-82. 

Oil 
1 d 

(%) 
concn 

Custard-apple oil 

5 25.0 b 
10 19.0 bc 
20 19.0 bc 
30 20A b: 
50 10.5 c 

0' 60.4 a 

RTV infection (%) of TN1 seedlings 

Neem oil 

27.0 b 
16A bc 
20. bc 
13.6 c 
11.8 c 

2 d 

Custard-apple oil Neem oil 

6.9 b 
42 b 
2.4 b 

11.0 b 
02 b 

35.5 a 

13.6 b 
11.2 b 
10.2 b 
4.5 b 

10.3 b 

OControl treatment was common to both oils. (Contro:water + 0.1% liquid detergent.) 

from a plant indigenous to the Philippines was 
tested on BPH and WBPH. TNI seedlings were 
dipped in different concentrations of a purified 
fraction in an acetone-water solution. BPH and 
WBPH mortalities were high at concentrations of 
>300 mg/kg (Table 21). Chemical synthesis and 
optimization of the purified fraction are in 
progress. 

Application equipment. The knapsack sprayer, 
electrodyne sprayer (ICI, England), and Pulsfog 
K10/0 machine (Dr. Stahl & Sohn GmbH & Co. 
KG, Switzerland) were compared for effectiveness 
in controlling rice insect pests during the DS and 
WS. The electrodyne charges the spray droplets 
opposite to that of the rice plant. In the first test, 
the electrodyne and knapsack sprayers provided 
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______ 

Table 20. Adults emerging from fifth.instar BPH and GLH 

nymphs topically treated with azadirachtin. IRRI labora-

tory, 1982.0 

Dose 
(v/insect) 

0 
1 
5 

10 
15 

8PH 

100 a 
47 b 
43 b 
0 c 
0 c 

Adult emergence (%) _ 

GLH 

1008 
77 a 
17b 
20 b 
10 b 

OAv of three replications, 10 iisects/replicate. 

PH and WBPH nymphs 
Table 21. Mortality of first-instar 

on TN1 seedlings treated with different concentrations of 

a purified fraction isolated from the extract of an indige-

nous plant. IRRI insectary, 1982-83 

Mortality (%)at 24 h after infestation 

Concn
(mg/kg) BPH (biotype 1) WBPH 

0 d0 d0 
5 d0 d100 

c 33 c30200 
b b300 70 75 

97 a93 a400 97 a100 a500 

____ofsixeplication,_10_nymphsreplicate.WhenaAv of six replications, 10 nymphs/replicate, 

poor BPH control, but effective GLH control 

(Table 22). In the second test, the three machines 

equally controlled RWM and deadhearts caused 

by stem borer whereas the knapsack controlled 

whitehead damage most effectively (Table 23). The 

electrodyne (0.05 ml/ s flow rate) and the knapsack 

provided the best leaf folder control. The data 

showed that neither the electrodyne or puisfog 
better than the knapsack sprayer. 

YIELD LOSSES CAUSED BY INSECTS 

Caseworm. The rice caseworm (RCW) usual] 

in the growing seasoattacks the rice crop e ._ 
and the plants appear to recover later on. T1 

of RCW is not knoweconomic importance 
because its effect on yield has not been determinei 

In 1982, screenhouse and field studies were coi 

ducted to assess RCW damage at nine infestatic
 
levels and at four plant ages (Fig. i8). Tran
 

vao wa ages WinMO.
land t 
planting time was staggered to obtain the variol 

same time so insect infestati(plant ages at the 
could be done simultaneously. Plots were infest4 

with second-instar larvae and covered with fib( 

glass netting immediately after transplanting. T 
netting was removed at 20 DI and the plants we 

sprayed with insecticide to protect them fro 

insect damage. 
Yields decreased with increases in the ins( 

infestation level (Fig. 18). They declined m4 
were infested at 5 EDseverely when the plants 

infestation occurred at 30 DT in the scre 
house and at 17 and 30 DT in the field, y;elds wi 

stable at all infestation levels. Early attacks had I 

most severe impact on yields. 
Insect combinations. Previous studies shov 

that the RWM caused no yield losses. HoweN 

when RWM damage occurred simultaneously ' 

other early season insect damage, yield lo, 

In 1982, studies were conductedoccurred. 

determine the effect of four infestation levels
 

Table 22. Comparison of electrodyne and knapsack sprayer using cymbush at five application times after transplanti 

for BPH and GLH control. IRRI, 1982 DS. 

Mortalitva (%) 
GLH 

Treatment 
Flow rate 

(ml/s) 
Rate 

(gai/ha) BPH GLH 

27DT 41DT 56DT 71DT 14DT 27DT 41DT 56DT 711 
14DT 

- 1W a
24 a 23 aElectrodyne 0.05 25 6a 

- a 6a---Electrodyne 0.01 50 -
- 85a11a 16a 27aKnapsack 15.00 25 

-- - 13a 6 a -Knapsack 15.00 50 
2 b 85a - 5a 16s 3a 6a

Untreated 

9 BPH caged at 2 h after spraying and GLH at 24 h after spraying. Mortality re, 'rded 

for BPH. 
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74 a 51 a - -

65 a 40 
84a 73a - -

- - 73a 5C 

21 b 5 b 4b 

at 24 HC for GLH and at 4 



__________ 

Table 23. Comparison of electrodyne, pulsfog, and knapsack sprayers using cypermethrin. IRRI, 1982 WS. 

Pest control 

Flow RWMb Deadhearts (%) Whitcheads (%) Leaf folder 

Treatmentl rate 

(mils) 24 DT 35 DT 21 DT 42 DT 60 DT 5 DBH 

Electrodyne 
Electrodyne 
Pulsfog 
Knapsack 
Untreated 

0.05 
0.1 

15 
10 
-

2.0 b 
2.4 b 
2.5 b 
2.3 b 
3.3 a 

3.9 a 
3.5a 
3.7a 
4.3a 
38a 

0.3 a 
0.4a 
0.6a 
0.1 a 
0.5a 

0.5 a 
0.5 a 
0.3a 

c 

0.3 a 
0.5 a 

0.78 b 
08 ab 
0.7 hbc 
0.5 b 
1.4 a 

0.9 a 
0.5 ab 
029a 
0.2 b 
0.6 ab 

damaged) 

50 DT 81 DT 

O0 b 2.0 a 
0.3 ab 2.3 a 
0.6ab 19a 
0.0 b 1.7 a 
0.9 a 2.2 a 

= 
more than 1/2 the leaves damaged with some leaves 
25 g ai/ha. bBased on a 009 scale: 0 = no change.: 9AApplied at 

broken. CAt 42 and 60 DT, no insecticide was applied. 

Damage rating themselves caused yield losses (Ta hie 24). H owever 
Screenhouse ,o /1 at level 4, all combinations significantly decreasedsor 	 1/ating 

below that of the control, whereas no yield 
5Dieldrg 

Syield 

in plots infected with only one
5 decrease occurred 

,_-Gr inyield species. When yield data were based on the means
20- , 


I of all infestation levels, the treatments with insect
% 

0 combinations including YSB yielded lower than 
0n 


the treatments with only one pest (Table 25). The 
0oDT40170T 7 highest infestation level caused the lowest yield4 

(Table 26). The results indicate that combinationsIV,
.. % 5 

20 	 3 of two or more pests, at subeconomic threshold 

E Ilevels individually, caused economic losses. Thresh
0 

(/mield
Yield lField 

5eT 	 . 20r / 7I---.600 5 

400 \.*.%Integration- "L 	 I 

0200-.-'-I--

9
3xr17Dtr 7
Goo, , .7. --. 

-, , •-5 


3
400 
I1 


1 	 o200 
0 1 3 6 10 5 2128 36 45 0 1 3 6 101521 28 36 '5 

Infestation levels (Lam~e/hill) 

18. The relationship of yield to RCW damage caused by 

different infestation levels at different ages of IR36 under 

screenhouse and Field conditions. IRRI. 1982 WS. 

RCW, RWM, and YSB and combinations of these 

pests on the yieid of IR36. Plants were infested at 

5-30 DT. 
At levels I through 4, none of the insects by 

1%of leaves Rice bug/m 2 
(_ 


93 DT 

1 a
 
0.5 a 
1.5a 
0.5 a 
2.0 a 

olds should be based on pest combinations rather 

than on each pest individually. 

INTEGRATED PEST MANAGEMENT (IPM) 

of weed, insect, and disease control. 
The effects of two levels each of insect control, 

weed control, and fungal disease control on 1R36 

and IR22 were evaluated in a test conducted in a 

farmer's field. IR36 has multiple resistance to 
insects and diseases and IR22 is susceptible to both 

diseases and insects. Plots were continuously sub

merged, intermittently irrigated or saturated. 
Insect populations were low and were not 

affected by water management. GLH populations 

were highest on susceptible 1R22. Weed weight was 

affected by the level of herbicide and water man
agement(Table 27). Continuously submerged plots 
aeet(al 7.Cniuul umre lt 

and plots receiving Saturn D herbicide at 3 DT had 

the lowest weed populations. Insect control de

creased weed weight because of the competition 

provided by the healthy rice plants, but differences 

were not significant. 
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or YSB alone or in double or triple put combinations at four In. 
Table 24. IR36 yield as affected by RCW, RWM, 

fetation levels in field. IRRI, 1982 WS. 

Grain yield* (g/m2 ) at infestation level 

3d 46lb 2c 

RCW 
RWM 
YSB 
RCW + RWM 
RCW + YSB 
RWM + YSB 

519.2 ab 
541.2 ab 
473.5 abcdefghi 
481.3 ebcdefgh 
461.5 bcdefghij 
397.9 ghijklm 
447A cdefghij 

Control (unprotected) 487.6 abcdef 

Control (protected) 501.9 abcdef 

RCW + RWM + YSB 

539.3 ab 
554B a 
485.9 abcdefg 
495.2 abcdef 
434.9 defghijk 
4232 efghijkl 
416.7 fghijkl 
467.6 abcdef 
501.9 abcdef 

526. abc 
508.4 abcde 
443.2 cdefghijk 
343.3 Im 
396.3 hiiklm 
460.9 bcdefghij 
426.6 efghijkl 
487.6 abodef 
501.9 abcdef 

474,0 abcdefghi 
451A cdefghli 
426.6 efghijkl 
385A jklm 
360.5 kIm 
392-9 ijklm 
318.9 m 
487.6 abcdef 
501.9 abcdef 

2 
aAv of four replications. bLevel 1 = 200 RCW, RWM, and YSB/2.25 m .cLevel 2 - 400 RCW, 400 RWM, and 300 YSB 

600 RCW, 600 RWM, and 400 YSB. eLeveldLevel 3 

adults, and lst-inster larvae, respectively.
 

Table 25. IR35 yield as affected by insect damage based 

on the means of the Infestation levels. IRRI, 1982 WS. 

Grain yieldfi 

Insect 

RCW 
RWM 
YSB 
rIV + RWM 
RCW+YSB 
RWM + YSB 
RCW + RWM + YSB 

a____offourreplications._ 

aAv of four replications. 

(g/m2) 

5143 a 
513.9 a 
4573 b 
426.3 bc 
413.3 c 
418.7 c 
402A c 

Table 26. IR36 yield as affected by infe-station levelsa as 

on means of all insect pest combinations. IRRI.based 
1982 WS. 

yieldInfestation 
RWM YSB (g/m 2 )level RCW 

200 200 474.6 a 
2 400 400 300 478.6 a 1 200 

443.6 b 
4 900 900 500 401.4 c 
3 600 600 400 

OAv of four replications. 

and insec
of water managementThe effects 

control and, consequently, weed competition on 

in Table 28. Insect control, whichgrain yield are 
resulted in a rapid canopy development helping to 

control weeds, increased yield in the intermittently 

irrigated and saturated plots. Evidently, even where 

economic thresholds were not reached, plant 

growth was not as luxuriant as in the plots that 
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4 = 900 RCW, 900 RWM, and 500 YSB, 2nd.instar larvae, 

Table 27. Effects 	 of different pest control levels and 
on weed dry weight. Victoria, Laguna,water managjement 

Philippines, 1382 DS.8 
2 )Wed dry wt (g/0.72 m 

Pest control 

leve!b Continuously
submerged 

Intermittently
irrigated 

Saturated 

IC + WC + FC 
IC+WC 
IC 
T+WC 

0.5 (b) b 
03(b) b 
6.1 (a) b 
05 (b) b 

3.6 (b) b 
5B(b) a 

31.1 (a) a 
4.8 (b) a 

92 (b) -
7.1 fb) a 

468 (a) a 
13.7 (b)a 

T 9.1 (a) b 44.3 (a) a 692 ( a 

were the average of four replications endValues shown 

two varieties. Separation of means in a column of a row 
= 

lvl l netcnrl ede rtcin ll
(in parentheses) by Duncan's multiple range test at the 5% 

level. bIC - insect control: seedbed protection - soil 
at 1.0 kg ai/ha befor sowingincorporation of carbofuran 


and broadcast application 15 DE; vegetative protection:
 

soil incorporation of carbofuran at 0.75 ai/ha 1 DBT. WC 

= weed control: broadcast application of 25 kg formu
lated product of Saturn D (thiobencarb + 2,4-D (G)) 3 

DT. FC = Fungus control: foliar application of 1.0 kg 

of Benlate In 1000 liters water at 
formulated product the followingmaximum tillering stage. T - based 0.i 

insect and damage threshold levels: spray only If above 

the following: Defoliators > 15%, deadhearts > 15% the 

first 30-35 DT and > 5% thereon till flowering; GLH > 5 

iisects/10 sweeps, planthoppers > 20 insects/hill, leaf 

folders > 15% of flag leaves darnged/hill; rice bugs > 

8/ 2 . 

received early insect protection. The high level of 

weeds in these plots resulted in lower yields. There 

was an interaction between insect and weed 

control. 
Teaching farmers integrated pest management. 

Starting in 1978, IRRI began teaching IPM to 

http:YSB/2.25


Table 28. The economics of an IPM strategy for the control of pests in wetland rice. Victoria, LaWna, Philippines, 1982 D3 

f 

Yieldb (t/ha) Gross incomec () Pesticide Labore 
Net return ($) B:C9 

Pest control costd cost
level R S

S ()C I S C I 
C I S C I 

IR36 

8B 9A899 827 954 8.8999 1056 96 5.88
IC + WC + FC 5.63 562 5.94 1001 21.6 20.6 21.041 3.11 957 910 928

5.41 1001 954 972IC+WC 5.63 5.36 940 860 848 29.7 27.1 26.7
3q80 30 1.72 

IC 5A7 5.02 495 972 892 55. 64.61.39 756 6f'2 800 609 
T + WC 4.32 3.96 4.57 768 704 812 11 - - 0 0.0 926 745 626745 626
T 5.21 4.19 3.52 926 

IR22 

92 7.35.88 783 915 732 7.8
883 1015 832 94

IC + WC + FC 4.97 5.71 4.68 836 19.2 19.9 19.0 
IC+WC 5J01 5.19 465 891 923 880 

816 665 29.8 25.7 21.0
41 3.11 847 879 

697 30 1.72 944976 848IC 5.49 4.77 3.92 518 29.1 28.5 19.423 4.16 789 775 
0 T+WC 4.59 4.51 3.12 816 802 555 

61.0 33.2 32.3915 505 492 12 2.77 900 490 4770T 5.15 284 2.77 

aIC = insect control: seedbed protection soil incorporation of carbofuran at 1.0 kg Wi/ha before sowing and broadcast a.piication 15 DE; vegtat/fi 
o weed control: broadcast appiication of 25 kg formulated produrt of Saturn D 

-protection: soil incorporation of carbofuran at 0.75 al/ha 1 DT. WC 
liters water at maximum til00 

> (thiobencarb + 2,4-D (G)) 3 DT. FC = fungus control: foliar application of 1D kg formulated product of Benlate in 1 

threshold !evels: zpr-y only if above the following: Defoliatiors > 15%, deadhearts > 15% 
lering stage. T = based on the following insect and damage 

the first 30-35 DT and > 5% thereon till flowering; GLH > 5 insects/10 sweeps, pland.cpDer > 20 insects/hill, leaf folders > 15 of flag Ieaves damaged 

t 30 DT at 0.75 by ai/ha.bC continuously irrigated;2 . The GLH threshold was reached in FR 22 and BPMC was appied once 
dFuradan at $20.00/16.7 kg bag of 3% ai;z /hill; rice bugs > 8/r on price of paluy at $17 /.l.irrigated at saturation point only. CBasedI = intermittently irrigated; S = income minus cost of pesticide and> D at $11.11/bag of 25 kg; Benlate at $53.33/kg FP; BPMC (Hopcin at $7.88/liter FP. e$2.77/8 h. '4rc:s 

)Saturn 
labor. gNet return divided by the cost of pesticide and labor. 

-n 

Wa 
enFn 
-l 

http:ai/ha.bC


farmers in Nueva Ecija Province, an irrigated 
At the start of the pilotdouble rice crop area. 


project, farmers averaged six to seven insecticide 

applications per crop using low dosages averaging 
0.2 kg ai/ ha. Depending on the year and crop, the 

number of applications ranges from zero to three if 
economic thresholds are used. 

The project has been centered on teaching 
farmers how to identify and quantify insect 
populations so they can base insecticide applica-
tions on pest abundance rather than follow normal 
calendar-based scheduling. 

In the 2,000-ha project area encompassing eight 
villages, an IRRI research assistant assumed the 
role of extension technician. The teaching format 
has been to hold weekly classes during a crop 
season. A new topic was discussed during the 2-h 
weekly sessions that combined lectures, classroom 
demonstrations, question-and-answer periods, and 
field practice. 

Classes are given only during one crop season in 
each village. During a 2-yr period seven villages 
were covered. Community development workers 
assigned in each village attended the classes and 
provided feedback on both the effectiveness of the 
teaching methods, which are continually revised, 
and the rate of IPM technology adoption by the 
farmers during the subsequent crops. 

The community development workers found 
that the farmers were not able to assimilate the 

season.technology from classes during one crop 
Therefore during the 1980 WS crop, research 
assistants conducted weekly follow-up returns at 
two previously instructed villages starting at the 
time of seedbed preparation. The assistant met 
only with farmer leaders. The farmers agreed not to 
apply insecticides until after each weekly follow-up 
meeting. During each meeting, the leaders reported 
their observations and indicated whether they 
would apply insecticide as a result of their 
monitoring. Then, the group went to several ficlds 
where the pest problems were most evident and the 
assistant checked the farmers' observations. 

The results of the follow-up meetings over 14 wk 

confirmed that classes alone were not sufficient to 
teach farmers IPM technology (Table 29). During 
seedbed preparation in week 3, the farmers wanted 
to apply insecticide when they saw stem borer 
moths and beetles without determining if an 
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economic threshold had been reached. They also 
wanted to broadcast granular insecticide to coun
teract symptoms of excess N. 

In week 5, the farmers wanted to apply insecti
cide to control RGS even though the economic 
threshold had not been reached. But the following 
week, they were able to diagnose the problem and 
to correctly decide to use insecticide. Because of 
their class instruction, they were able to diagnose 
RWM, stem borer deadhearts, and leaf folder in 
weeks 7 and 8. 

Zn deficiency symptoms, a subject not covered 
in the classes, appeared in week 8 and the farmers 
wanted to apply insecticides as a remedy for 
yellowing plants. 

Hoppers (Sogatellafurcifera)were detected in 
week 9 and the farrmaers again wanted to spray 
insecticide unnecessarily. They had not learned to 
monitor their fields for hoppers by the following 
week, but by week 13, they showed the capability to 
assess a hopper problem and use economic thresh
olds. 

First appearance of bacterial leaf streak symp
toms during week 10 again prompted the impulse 
to apply insecticide. Again it took several weekly 
encounters before the farmers were able to grasp 
the problem. The farmers misdiagnosed a rat 
problem in week 15 and leaf folder in week 16. 

It was apparent that the weekly follow-up 
meetings were essential to the farmers' learning 
process. The farmers were surveyed to compare the 
benefit of classes during the 981 DS. Classes alone 
did not change farmers' insecticide-use practices 
(Table 30). Follow-up meetings with no classes 
significantly reduced the number of insecticide 
applications, but more IPM technology adoption 
occurred if classes and follow-up meetings were 
held. Even with follow-up meetings, farmers were 
still applying insecticides at rates lower than the 
recommended 0.75 kg ai/ha. 

Although not sufficient by themselves as a 
means of teaching farmers IPM, classes are essen
tial in creating interest in pest control problems so 
that farmers will attend the follow-up meetings. 
One technician can serve eight villages (each village 
has about 200 farm families) during the follow-up 
period, spending a half day a week in each. 

Economic threshold values for farmers. The 
social scientists associated with the IPM project in 



had been t ug t Nueva Eci Philippis. . 
Table 29. Record of weekly follow-up contacts with farmer groups in two villages where the iPM claim 

0 
-RWM 
o0 

r" 

>
Z 


Z SLNo 

n) 

z 

Xo 


-o 

1980 WS. 

WeekPest 


3 

4 
5 


7 

9 


10 

11 

12 

13 
14
1515 

1 

7 
17 

Farmers' assessment 

problem 	 Decision 

Apply insecticide 


beatles in seedbed 

a Stem borer moths, caterpillars, 

Yellowing of seedlings Broadcast fertilizera 
Seedbed wilting in spots Broadcast granular insecticide 

a No problems Do not apply insecticide 
z Worms eating leaves 

a 

Apply insecticide 

No economic threshold reachedRWM 
Apply insecticideRGS 

No economic threshold surpassed

o RWM 
No economic threshold reached o RGS 8,R MRWM 

RWM 	 ,Stem 
Stem borer deadhearts 

Leaf folder 


* Stunted plant growth and bronzing Apply insecticide and fertilizer 

Hoppers 	 Apply insecticide 


No economic threshold reached 
Stm ,e Stem borer d edh artsLe 

e Leaf folder 
•Stunted plant growth Apply zinc sulfate 

• Yellowing of leaves Apply insecticideHp•Hopper 

a Leaf folder economic threshold reached
,,Leaf 

>RCW
Yellowing of leaves Apply insecticide* 

No economic threshold reached 
Do not apply insecticide 

* Leaf folder 
a Bacterial leaf streak 

No economic threshold reached
Hoppers 

•Do 
 Bait with warfarin
• Rat damage 

Apply insecticide 

No economic threshold reached 
Hoppers


e Leaf folder 

Technician's assessment 

Pest problem 	 Decision 

Do not apply insecticideNo economic threshold 

reached 
N deficiency Agree with farmer 

Overdosage of fertilizer Do not apply insrecticie 

None Do not rmeri 
RGS Do not apply insecticides 

eaten
 
RWM Agree,-4ith farmers
 

RGS 
RWM
 
RWM
 

borer deadhearts
Leaf folder 

Spray or broadcast zinc
 
Zn deficiency 	 sulfate 

WBPH 	 Do not apply insecticide 
until more than 20 
hoppers/hill reached 

RWM Agree with fermars
 
Stem borerol rdeadhearts
f 

Leaf folderilla tekD o pl netcd 
Zn deficiency 
Bacterial leaf streak Do not apply insecticide 
WBPH 	 Do not apply insecticideAgree with farmers 

folderfolder Do not apply insecticideLeaf 
Do not apply insecticide 

Bacterial leaf streak 
Leaf folder 	 Agree with farmers 

Bacterial leaf streak
 
WBPH
 
None
 not bait (too late ;aeonoMinimal rat problem 	 season) 

Leaf folder 	 Do not apply insecticide 
until nine leaves damaged 
per hill reached 

Agree with farmersWBPH 

Leaf folder 0
 



--

____ ______________ 

Table 30. Effect of farmers' clases and weekly technician follow-up with farmer groups on insocticide usage'0 Nueva 

Ecija, Philippines, 1981 DS. 

Insecticide applications 

Total (no.) 

Seedbed (no.) 

Vegetative stage (no.) 

Reproductive stage (no.) 

Ripening stoge (no.) 

Recommended insecticides (no. 

Spray mixtures (no.) 

Doage/spray (kg lha) 


Weekly folow.-up sessionsb No follow-up sesstons' 

Class 

2A u 
0.8 a 
1.2 a 
OA a 
0.1 a 
1.6 a 
0.5 a 
0.19 a 

means*t0 farmers interviewed per village. Separation of 
bMarawa and Malabon Kaingin, Jen. clbabaw Bana, Cabanatuan, and Rajal Sur, Santa Rosa. 

Nueva Ecija found that the farmers were having 
great difficulty grasping the technology because the 

economic threshold units (percentages and square 
meters) were incomprehensible to them. Changes 
are being made to simplify units within the expe-
rience of farmers but still produce reliable results. 

The counting of v2getative stage leaf feeders was 

simplified with a combined damage count regard-
less of pest species. Percentages were replaced with 

sample sizes of 100 eaves or numbers ofdeadhearts 
in 10 hills. A total count of rice bugs in 10 hills 

replaced number per 5m2 . Because the number of 
tillers per hill is highly variable, hopper counts are 
now based on numbers per tiller. 

Development of integrated pest management 

technology. Economic thresholds need to be veri-
fled at each location. Low- and high-level thresh-
olds were compared for each insect pest or pest 
group as separate treatments in the 1982 WS crop 
in Nueva Ecija replicated over seven farmers' fields. 

The low-level threshold treatment averaged 2.6 

per field (Fig. 19) and produced aapplications 
significant yield increase over the untreated control. 

But an average of 1.3 insecticide applications per 
field in the higher threshold treatment did not 
result in a significant yield gain. 

WBPH populations surpassed the high-and low-
level thresholds in six of seven fields. Vegetative-
stage leaf feeders, mainly R W M and RGS, reached 

low-level thresholds. Leaf folder and stem borer 

reached the low-level thresholds in only one to two 
fields. 

A yield loss of 0.93 t/ha was recorded in the 
untreated check of IR52, but because of unequal 
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No class Class 

4.0 b 6.7 c 
1.5 b 3.1 c 
1.7 a 2.9 b 
0.6 a 1.0 a 
0.2 a 0.3 a 
1.5 a 3.5 b 
1.3 a 1.9 a 
0.19 a 0.22 a 

in a row by Duncan's multiple range 

lecsaLe, der ciaomgfed 
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2345 2345 2345 2345 2345 2345 2345 

Leaf folder(% dared kaves) 

25I 

s1-=111 IiJI f l II 

No class 

7.1 c 
3.2 c 
2.9 b 
1.0 a 
0,3 a 
3.7 b 
0A a 
0.15 a 

test at the 5% level. 
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19. Insect pest populations in the high and low economic 
threshold treatments showing the number and timing of 
insecticideapplicationsbyfarmer replication whenthethreshold 

levels were reached. Nueva Ecija, Philippines, 1982 WS. 
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lodging and bacterial leaf streak, the growth 

stage(s) where the yield loss occurred could not be 

specified to determine the most important pest 

species. In future trials, IR42 will be used because 

of its higher disease resistance. 
Yield losses between growth stages are parti-

tioned to evaluate the benefit of each insecticide 

application in threshold treatments. This informa-

tion is necessary for setting threshold values 

because both threshold treatments gave unfavor-

able economic returns. The low-dosage, complete-

protection treatment (0.5 kg ai/ ha) provided a level 

of control equal to that of the high-dosage treat

ment (0.75 kg.ai/ ha). The low dosages are being 

used for economic threshold treatments to mini

mize costs. 

INSECT POPULATIONS OF DIRECT-SEEDED AND 

RICETRANSPLANTED 

During the 19 81- 19 82 DS, GLH (Fig. 20) and ZLH 

populations were higher in direct-seeded plots than 

in transplanted whereas both BPH (Fig. 21) and 

WBPH were almost the same in the two plots. 

Stem borer infestation was higher in direct-seeded 
than transplanted plots. During the 1982 WS, 
GLH, ZLH, BPH, WBPH, and RWM popula

tions were low and there was no significant 

difference between direct-seeded and transplanted 

plots. 
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HERBICIDE SCREENING 

cor-Research to identify herbicides that would 

plement other direct methods of control in rice 
Maligaya, Bicol, andcontinued at IRRI; at the 

Visayas research stations of the Philippine Bureau 

of Plant Industry (BPI); and in a farmer's field in 

Batangas Province. Screening trials and studies on 
the control of specific weeds and herbicide applica-

tion and tillage techniques were conducted at 
IRRI. 

Echino-
chloe glabrescens, Monochoria vaginalis, and 

Echinochloa crus-galli ssp. hispiduli, 
Cyperus difjbrmis were common at all wetland 

rilba, ottoel/a eal-rus otudusIpooeasites. Echinochloacolona, Eleusine indica, Cype-
rus rotundus, Iponoea triloba, Rottboellia exal-
tara, Calopogonium mucunoides, and Digitaria 
setigera were dominant in the dryland fields. 

Irrigated transplanted rice. Preliminaryscreen-
ing. All the herbicide-treated 	 plots yielded sig-
nificantly higher than the untreated check, but 
lower than the hand-weeded (Table i). The oxy-
fluorfen and DPX 5384 treatments controlled 
weeds adequately, were safe on rice, and resulted in 
significantly higher yields than the thiobencarb -
2,4-D check. 

Secondary screening. All the herbicide-treated 
plots yielded significantly higher than the untreated 
(Table 2). Because of intense weed pressure the 
untreated plots had no yield. 	 Yields of all the 

treated plots, except that with the 7%formulation 
of chlornitrofen - 2,4-D, were similar to those of 

the hand-weeded, butachlor, and 2,4-D checks. 

Advanced trials,IRRIand BPI.	At IRRI, all the 
and the handherbicide treatmentsplots with 

weeded check gave comparable yields, which were 
that of the untreatedsignificantly higher than 

check (Table 3). Yield with 2,4-D was significantly 

less than yields with the other herbicides, except 

pendimethalin. At Maligaya, yields did not vary 
significantly among the treatments. At Bicol, all 
the treatments gave significantly higher yield than 
thc untreated control. Plots treated with oxyfluor
fen, butachlor, pendimethalin, and 2,4-D yielded 
significantly less than the hand-weeded check. 

In the WS, all the herbicide treatments at IRRIgaesgicntyhhryelshnteutetd 

check, but markedly lower yields than the handgave significantly higher yields than the untreated 

weeded check (Table 4). At Maligaya, yields of all 
the herbicide-treated plots, except the 2,4-D plots, 
were comparable with the yield of the hand-weeded 
plots. Plots treated with piperophos - 2,4-D, pen
dimethalin and 2,4-D did not differ significantly in 
yield from the untreated check. At Bicol, all the 
herbicide treatments yielded significantly more 
than the untreated control, but some treatments 
yielded significantly less than 	 the hand-weeded 
check. At Visayas, only the pendimethalin-treated 
plot yielded significantly higher than the untreated. 
However, among all the herbicides, only oxyfluor
fen gave a yield significantly different from that of 
the hand-weeded check. 

Herbicidecombination.The effects of herbicides 

and herbicide combinations on weed control and 

rice yield were studied during the WS. 

Table 1. Effect of herbicides on weed control, crop tolerance, and yield of irrigated transplanted : R42. IRRI, 1982 WS. 

Thiobencarb - 2,4-D check 1.0-0.5 6 0a 1 a 	
f - 4a 21 b 153 c 0.2 

-Untreated check 

carrier and applied as a single treatment.the samethat two herbicides were formulated onaA spaced dash (-) means 	 = no toxicity and 10 = complete
bAv of three replications. CRated 2 wk after herbicide application on a scale of 0-10 (0 

kill). 
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Treatmenta 

Hand-weeded check 
DPX 5384 G 
DPX 5384 G 
DPX 5384 G 
Oxyfiuorfen G 
M-8140 EC 
Butachlor EC 

bWeed wt (g/m2 ) Visual YieldbApplication 
Grasses Sedges toxicityrtOinCY (ha)thaRate Time Broadleaf 


Weeds
(DT)(kg ai/ha) 

15 + 30 2 a 6 ab 52 bc 0 4.3 a
Twice 

0 3.3 b0a 13 a0.2 8 0 a 
0 3.2 b6 0 a 2a 	 8 ab0.05 

17 ab 0 3.2 b
0.05 8 0 a 3 a 

91 bc 0 2.40.15 a 1 a 0 a 
151 bc 1 2.0 cd

2.0 8 0a 6 ab 
1.6 d6

1.0 6 0 a 	 12 ab 98 bc 0 
84 bc 0 1.2 a 

c 



_________________________ 

Table 2. Effect of promising granular herbicides applied 
before weed emergence, 4 DT, on weed control and IR36 
yield. IRRI, 1982 DS. 

Treatmenta 

Butachlor check 
Molinate - 2,4-D 
Hand-weeded check 
2,4-D check 
Molinate - R-24216 
Chlornitrofen-

2,4.D (9%) 
EPTC - 2,4-D 
PPG 844
Chiornitrofen-

2,4-D (7%) 
Untreated check 
aA spaced dash 

Rate Weed wtb Yieldb 
(kg ai/ha) 

1.0 
2.1 -0.45 

0.8 
2.0- 1.0 
1.75.-0.5 

1.8- 0.45 
1.0
1.25 -0.5 

(g/m2 ) (t/ha) 

1a 5.3 a 
18 bcd 4.9 ab 
33 cd 4.8 ab 
19 bcd 4B ab 
6 b 4.7 abc 

40 d 4.6 abc 

16 bcd 4.3 abc 
26 cd 4.1 bc 
12 bc 3.5 c 

659 e 0 d 

-) means two herbicides were formu-

lated on the same carrier and applied as a single treat-
ment. Hand-weeded check = weeded 15 and 35 DT. bAv 

of three replications. 

Except the dicamba and fluazifop - butyl plots, 

all the herbicide-treated plots yielded significantly 

higher than the untreated check (Table 5). The 

treatment butachlor followed by either dicamba or 

2,4-D at 0.5 kg ai/ha provided reasonable weed 

yield as the hand-weededcontrol and the same 
checks. Similar weed control and grain yield were 

obtained from plots treated before weed emergence 

with 2,4-D at 0.8 kg ai/ha. Treatment with 2,4-D 

- fluazifop - butyl gave significantly lower yield 

than hand weeding. 
Herbicide application with sprinkler bottle. 

During the DS, comparisons of the effects on weed 


control and grain of diluted and undiluted herbi-


Table 3. Effect of granular herbicides applied before weed 

Philippines, 1982 DS. 

Rate 
(kg ai/ha)Treatment8 

2.1 - 0.75-Chlomethoxynil 2,4-D IPE 
Hand-weeded check 
Naproanilide - thiobancarb 
Oxyfluorfen 
Piperophos - 2,4-D IPE 
Bifenox - 2,4-D EE 
Butachlor 
Pendimethalin 
2,4-D 
Untreated check 

-
1,0 -0.7 
0.15 
0.33 -0.17 
2.0 - 0.66 
1D 
0.75 
O 

-

were"A spaced dash (-) means 

cide applied before and after transplanting were 
continued. The diluted herbicides were applied 
with a knapsack sprayer and the undiluted with a 

sprinkler bottle.
Regardless of the method and time of herbicide 

application, the yields of all the treated plots were 
significantly higher than the yield of the untreated 
control and comparable with that of the hand-

Yields of all the herbicideweeded plot (Fig. 1). 

plots, except the butachlor plot, did not differ
 
markedly between application.methods (Table 6).
 

Butachlor applicalion at preplanting gave signifi
cantly more yield without dilution than with. 

Results suggest that, diluted or not when applied, 
most herbicides would give the same control and 

grain yield increases. 
Herbicide application at low spray volu;ie. 

During the WS, experiments were conducted to 

compare the relative efficiencies of the micron

herbi, an ultra-low-volume sprayer, and the knap

sack sprayer. The micronherbi has a delivery rate 

of 15 liters/ha and the knapsack sprayer 300 

liters/ ha. 
used, all theRegardless of the spray volume 

herbicides provided the same weed control as two 
plots had only slightlyhand weedings. Treated 

higher yields than the untreated check. 

Irrigated direct-seeded rice. Preliminaryscreen

ing. The DPX 5384-treated plots showed adequate 

weed control and slight injury to rice, and yielded 
controlsignificantly higher than the untreated 

(Table 7). Oxyfluorfen was moderately toxic to the 

crop. 

4 DT on IR36 yield at three locations in theemergence 

Yieldb (t/ha) 

IRRI Maligaya 

5.2 a4.5 a 
5.3 a4.1 abc 
5.2 a4.5 a 
5.4 a4.3 ab 
4.9 a4A ab 
4.9 a4.4 ab 
4.7 a4.6 a 
4.9 a3.5 bc 
5.0 a3.4 c 
4.7 a1.0 d 

= that two herbicides applied as a proprietary mixture. IPE 

Bicol 

6.4 ab 
6.5 a 
6.2 ab 
5.9 b 
6.0 ab 
5.9 ab 
5.2 c 
5.9 b 
5.3 c 
3.9 d 

isopropyl ester. Hand

= isopropyl ester. bAv of four replications/site.= ethyl ester. IPEweeded check - weeded 15 and 35 DT. EE 
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Table 4. Effect of granular herbicides applied before weed emergence 4 DT on transplanted IR36 yield at four loca

tions in the Philippines, 1982 WS. 

Treatment8 

Hand-weeded check 
Bifenox - 2,4-D EE 
Butachlor 
Naproanilide - thlobencarb 
Molinate - simetryn - MCPB 
Piperophos - 2,4-D IPE 
Pendimethalin 
2,4-D IPE 
Oxyfluorfen 
Untreated check 

aHand-weeded check 
prietary mixture. EE 

Table 5. Effect of different liquid herbicides and herbicide combinations on weed control and yield of irrigated trans

planted IR42. IRRI, 1982 WS. 

Treatment 
a 

Hand-weeded check 
Butachlor fb dicamba 
Butachlor fb 2,4-D 
Butachlor fb dicamba 
2,4-D 
Dicambn + 2,4-D 

Yieldb (t/ha) 
Rate 

(kg al/ha) IRRI Maligaya Bicol Visayas 

5.8 a 
- 4.7a 211a 5.1 a 

4.6 abc 4.9 abc
2.0 - 0.66 3.6 b 2.7 ab 

2.5 ab 5.1 ab 4.7 abc
1.0 3.1 bc 

4.9 abc2.7 ab 4.2 c1.0 -0.7 3.5 bc 
4A c 4.6 abc

1.8 - 0.1 - 0.1 3.5 bc 2.5 ab 
2.1 abc 5.0 ab 4.7 abc

0.33 -0.17 3.2 bc 
4.6 !bc 5.3 ab

0.75 2.7 bc 2.1 abc 
1. bc 4.5 bc 5.0 abc

0.8 2.6 c 
2.1 abc 4.3 c 4.0 bc3.5 bc0.15 

- 02 d 1.5 c 3.0 d 3.8 c 

means two or more herbicides were applied as a pro
= weeded 15 and 35 DT. A spaced dash (-) 

ethyl ester. IPE = isopropyl ester. bAv of four replications/site.= 

b 2)Weed wt (g/m
Yieldb(at flowering stage of grasses)Application (t/ha) 

Rate Time Broadleaf Grasses Sedges
 
(DT) weeds
(kg ai/ha) 

2 ab 4 a 1 a 4.0 a
Twice 15 + 30 

1 ab 1 a 13 a 32 ab
0.75 fb 0.5 5 fb 20 

4 a 3.7 ab12 b 0a0.75 fb 0.5 5 fb 20 
2 a 3.4 abc0 a 0 a0.75 fb 0.3 5 fb 20 

3.3 abc5 0a 26 a 8a
0. 

5 2 ab 31 a 6 a 2.8 abc
0.5+0.5 

14 ab 17 a 10a 2.6 bc 
2,4-D - fiuazlfop - butyl 0.6- 0.05 18, 

2A bcd5 0a 33 a 13 a
0ADicamba 14 a 2.2 cd2 ab 39 a

Fluazifop- butyl 0.05 18 
- 8 b 1.1 d96 a 3 a 

-Untreated check 
that two herbia spaced dash (-Wmeans 

two herbicides were tank-mixed and applied as single treatment,a(+) means 
cides were formulated on the same carrier and applied as a single treatment. bAv of three replications. 

Secondary screening. The molinate - R-24216, 
- 2,4-D, and EPTC - 2,4-D treatmentsmolinate 

and the butachlor check gave similar yields (Table 

8). All the other herbicide treatments did not differ 

in yield from the untreated control. EPTC - 2,4-D 

and chlornitrofen - 2,4-D we,'e slightly to moder-

ately toxic to rice. 
Advanced trials,IRRIand BPI. All the herbicide 

treatments at IRRI (except the butachlor + 2,4-D 

and chlomethoxynil - 2,4-D plots) and Bicol 

yielde'd significantly higher than the untreated 

control (Table 9). At Maligaya, yields from the 

treated and the untreated plots did not differ 
some herbicidesignificantly. Differences among 
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treatments at Maligaya and Bicol were significant. 
In the WS at Maligaya and Bicol, all herbicide

treated plots yielded significantly more than the 

untreated check (Table 10). At Maligaya, herbicide 
gave similar yields. At Bicol, plotstreatments 

treated with naproanilide - thiobencarb and thio

bencarb - 2,4-D yielded significantly higher than 

plots treated with the other herbicides. At Visayas, 
yields of treated and untreated plots were similar. 

Time and rate ofherbicideapplication.During 

the WS, the 2ffects of time and rate of application 

of bentazon, fluazifop - butyl, and propanil on 

weed control and phytotoxic reaction in lR36 were 

examined. Except in the fluazifop - butyl treat



control by herbicide was comparable with weed 
Yield (t/ ) 
8 , control by hand weeding in the tillering-stage 

treatment, but was poorer in the pretillering treat
ment. The poorest weed control was obtained with

Applied 2 DT2 0"•Appied 

was signififluazifop - butyl; the resulting yield
Knapsack sprayer cantly lower than that from the hand-weeded plots.bottle 

6 - x Regardless of the time and rate of herbicide 
tiller number did not generally differ 

Sprinkler 


ob aapplication, 

between the herbicide-treated plots and the hand
-, obc 


a bc weeded check. arerie seeds
anhydride. Pregerminatedcfthalic Time of butachlorapplicationanduse of naph

4 

susceptible to injury by herbicides applied very 

soon after seeding. One way of protecting the seeds 
is to coat them withfrom herbicide damage 

2 
2During 

*application 

da : 

-were,~ft 

Pendi-Oxdiozon Thiobencarb Butochlor 
metholin 

i. Yieldasaffectedbytimeandmethodofherbicideapplication. 

IRRI, 1982 WS. Bars 

different at the 5% level by Duncan's multiple range test. 


ment, two rates of each herbicide were used; these 

were split into applications at the 2- to 3-leaf and 

5-to 7-leaf (pretillering) stages and the tillering 

All the herbiciaes provided better weed control 

when applied at the tillering stage than when 

applied at the pretillering stages (Table 11). Weed 
. 

Table 6. Effect of method and time of application of four liquid herbicides on yield of irrigated transplanted IR36e 

IRRI, 1982 DS. 

Oxadiazon 
methodb 

Pre- Post- Dif-
planting planting ference 

Application 

0.1
ns 


Knapsack 49 4. 

sprayer
 
ns 

Sprinkler 4.8 5.3 -0.5

bottle 

0 1 ns -o.5nsDifference 

safeners such as naphthalic anhydride (NA). 
the 1981 WS, the effect of butachlor 

time on weed control and on the rice 

seedlings with and without NA coating was studied 
in a field experiment. Pregerminated seeds of IR36 

coated with 0.5% NA (wt/ wt) shortly before 

seeding. was related to time of butachlorCrop stand 

application and use of NA. The stand was least 
when the herbicide was applied at 3 DASAand 
wheate hen applied a 3 

10 DAS (Table 12). NAgreatest when applied 
improved crop stand except when it was applied at 

3 d before seeding (DBS) and at 10 DAS, in which 

cases differences in stand between NA-treated and 

untreated plots were not significant. 

Weed weight was not affected by the NA 

treatment. Butachlor application at 3 DBS, at 

seeding, and at 3 DAS resulted in lower weed 

weights than application at 6 and 10 DAS. When 

Herbicidec 

ButachlorThiobencarb 

Pre- Post- Dif-Pre- Post- Dif-
ference planting planting ferenceplanting planting 

3 ns 3.1 4.9 -1.8* 
4.9 5.2 -0.

ns 0.3
n s 


4.3 4.04A 5.1 -0.7

ns 

ns 1.2* o .1 ns
0.5 0


Pendimethalin 

Pre- Post- Dif
planting planting ference 

n s
 
3.0 3.6 0.6

2.6 4.4 -1.8 * 

O.4" - 0 8ns 

= sprayed without dilution. CPreplaiting 
= diluted spray. Sprinkler bottle 

aAv of three replications. bKnapsack sprayer 

- 1 DBT. Postplanting = 2 DT. 
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___________________________ 

Table 7. Effect 'if herbicide on weed control, crop tolerance and yield of irrigated wet-seeded IR42. IRRI, 1982 WS. 

Application 	 Weed wtb (g/m2 ) Visual Yieldb(t/ha)Tretmnttoxicity 
Treatment Rate Time Broadleaf Grases Sedges ratingc


weeds
(DAS)(kg ai/ha) 

5 b 1 5AaDPX5384G 	 0.2 6 0 b 0 b 
b 0 b 4 b 0 5.0abDPX5384G 	 0.05 6 0 

8 0 b 0 b 2 b 1 42abDPX5384G 	 02 
32 ab 1 4.0 ab

M-9140 EC 	 2.0 10 0 b 0 b 
0 b 49 a 2 3.9 abThic!ancarb - 2,4-D check 1.0-0.5 6 0 b 

6 3 ab 0 b 41 a 4 3.8 abcOxyfluorfen G 0.1 
5 3.5 bcOxyfluorfen G 0.15 8 5 a 1 b 32 ab 

- - 17 a 11 a 36 a 0 2.2 cUntreated check 

aA spaced dash (-) means that two herbicides were formulated on the same carrier end applied as a single treatment. 

bAv of three replications. CRated 2 wk after herbicIde application on a scale of 0-10 ( 0= no toxicity and 10 - com

plete kill). 

Table 8. Effect of early postemergence (6 DAS) application of promising herbicides on weed control, crop tolerance, 

and yield of wet-seeded flooded 1R36. IRRI, 1982 DS. 

Rate 
(g/m2 )  

b 	 (tlha)Weed wt(gm)toxicity Visual Yieldb 
Treatmenta (kg ai/ha) ratingC 

0 3. abMolinate - R-24216 	 2.0 -1.0 0a 
29 ab 3 3.7 abEPTC - 2,4-D 	 1.8 - 0A5 

2.1 - 0.45 12 ab 0 3.6 abcMolinate - 2,4-D 
3 2.8 bcd

Chlornitrofen -	 2,4-D (7%) 1.25 -0.5 130 ab 
92 ab 0 2.4 cd1.0PPG 844 

2.3 dChlornitrofen -	 2,4-D (9%) 1.75-0.5 70 b 5 
0 4.2 aButachlor check 1.0 	 0 a 

130 ab 0 2.2 d
Untreated check 

means two herbicides were formulated on the same carrier and applied as a single treatment. bAvaA spaced dash (-) 

of three replications. CRated, 1 wk after herbicide application, on a 0-10 scale (0 = no toxicity and 10 = complete
 

kill).
 

Table 9. Effect of early postemergence (6 DAS) application of granular herbicides on yield of direct-seeded, flooded
 

IR36 at three locations in the Philippines, 1982 DS.
 

Rate Yieldb (t/ha) 
(kreatment8(g ai/ha) IRRI Maligaya Bicol 

5.5 a 5D bc
Naproanilide - thiobencarb 1.0 -0.7 42 a 


Bifenox - 2,4-D EE 2.0 -0.66 44 a 5.2 ab 4. c
 

4.0 a 5.6 a 4.2 d
Piparophos - 2.4-D IPE 0.33 -0.17 

Butachlor 
 1.0 	 4Aa 4.0 oc 5.2 ab 

4.3 abc 5. aPendimethalin 	 0.75 3.8 a 
5.5 a 4.1 d

Thiobencarb - 2,4-D IPE 1.0 - 0.5 39 a 
4.1 a 3.6 4.6Oxyfluorfen 0.15 c c 
3.4cb 38 bc 3.4 e

Butachlor + 2,4-D 	 0.75+0.5 
4.3 abc 2.7 f

Chlomethoxynil - 2,4-D IPE 2.1 - 0.75 3.1 ab 


Untreated check  2.3 b 4A abc 2.2 9 

means that two herbicides were applied as a proprietary mixture. EE = ethyl ester. IPE = isopropylHA spaced dash 	(-) 

means the chemicals were applied separately at about the same time. bAv of four replications/site.
ester. A plus 4+) 
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(6 DAS) application of granular herbicides on yield of .irect-seeded, flooded 
Table 10. Effect of early postemergence 

IR36 at three locations in the Philippines, 1982 INS.
 

Treatment 

Naproanilide - thiobencarb 
Butachlor +2,4-D IPE 
Piperophos - 2,4-D IPE 
Butachlor 
Thiobencarb -2,4 D IPE 
Bifenox- 2,4-D EE 
Oxyfluorfen 
Pendimethalin 
Untreated check 
Molindte- simetryn - MCPB 

Yieldb (t/ha)Rate___________________________ 
Visayas(kg ai/ha) Maligaya Bicol 

3.7 a 	 4.0 a1.0 -0.7 3.6 a 
4.4a2.9 c0.75+ 0.5 3.9 a 

3.3 b 4.1 a0.33 -0.17 3.8 a 
4Aa10 	 3.9a 28 c 

3.7 a 	 4.081.0 -0.5 3Aa 
4.2a3A a 2.9 c2. -0.66 
38 a0.15 	 3.3 a 3.3 b 
3.9 a0.75 	 3.1 a 3.0 c 
3.9 a 

- 1.9 b 	 2.0 d 

0 e 
 3.6 a1.8 -0.1 -0.1 3.6 a 

applied as a proprietary mixture. A plus (+) means the chem
aA spaced dash (-) means two or more herbicides were 

-
icals were applied separately at about the same time. IPE = 

site. 

no NA was added, grain yield was lower in the 

plots treated with butachlor at 3 DAS than in those 

treated earlier or later. When the seeds were coated 

with NA, time of butachlor application did not 

affect yield (Table 12). 
Effect of time offlooding on weed controland 

abutachlor phytotoxicity. During the 1982 WS, 

field experiment was conducted to evaluate the 

effectofbutachlorapplicationandtimeofflooding 
on weed control and on rice growth and yield. 

Flooding time had no effect on yield. But plots 

flooded at planting time had reduced crop stand, 

plant height, tiller number, and high weed weight 

compared with plots flooded later (Table 13). 

Butachlor application at 6 DAS reduced crop 

stand, plant height at 25 DE, tiller number, and 

weight and yield in the butachlor-yieiu. Weed 
treated plots were not different from those in the 

untreated plots (Table 14). The best results were 

from the hand-weeded plots, 
Effect of antidote and depth of flooding on 

butachlorphytotoxicity. During the WS, the effect 

of depth of flooding and use of NA on butachlor 

phytotoxicity was studied in the greenhouse. 

Without herbicide treatment, plant height was 

not affected by depth of flooding and NA use. 

However, plants protected with NA from phyto-

toxicity of butachlor applied at 6 DAS were signifi-

cantly taller than the unprotected plants, regardless 

of the flooding depth. Plants were tallest when 

saturated and shortest when flooded to one-half of 

their height (Table 15). 

ethyl ester. bAv of four replications/isopropyl ester. EE 

Flooding depth had no effect on shoot dry 

weight. With butachlor application, NA-treated 

plants were significantly heavier than those without 

NA. However, without b-itachlor application, the 

NA-protected and the unprotected plants did not 

differ in shoot dry weight (Table 15). 

Improving the selectivity ofbutachlorby use of 

safeners. A greenhouse experiment was conducted 

during the WS to find ways of protecting pre

germinated rice from butachlor phytotoxicity using 

NA and activated charcoal. 
Butachlor caused significant reduction in sur

vival percentage, plant height, and shoot dry 

weight of the unprotected plants (Table 16). How

ever, coating the seeds witn NA before sowing 

significantly increased survival, plant height, and 

shoot weight more than did the other treatments. 

Coating the feeds with activated charcoal did not 

protect them from butachlor toxicity. Plant height 

and shoot dry weight in plots without herbicide 

treatment did not differ among the treatments. 

Rainfed transplanted rice. Preliminaryscreen

ing. All herbicide-treated plots yielded significantly 

higher than the untreated check and similarly to 

the hand-weeded check (Table 17). M-8140 and 

oxyfluorfen yielded significantly more than the 

thiobencarb - 2,4-D check. 
Application of herbicidesat low spray volume. 

Regardless of the spray volume, all the herbicide

treated plots showed reasonable weed control. 

Plots trated with oxadiazon at high volume and 

at low volume yielded significantlythiobencarb 
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Tble 11. Effect of time of herbicide application on weed control and growth and yield of direct-seeded flooded IR36.a IRRI, 1982 WS. 

Hbi 	 Weed wtc (g/m2) Tillerd (no./m 2 ) Yieldd (t/ha)
Herbicide Rate 

X treatmentb (kg ailha) 2- to 3- leaf 5- to 7- leaf Tillering 2- to 3- leaf 5- to 7- leaf Tillering 2- to 3- leaf 5- to 7- leaf Tillering 

> stage stage stage stage stage stage stage stage stage 
Z 
7 
C Hand-weeded check - 8a 6 a 16 a 842 a 279 a 800 b 2.0 a 22a 2JD a 
> Propanil 3.0 131 b 37 b 21 a 938a 	 804a 937ab 1.8ab 1.7a 1.7a 

871 a 683 b 1.5 ab 1.9 a 1.6 a 
" Bentazon 2.0 38 b 37 b 29 a 837 a 

rn Bentazon 1.0 87 b 66 bc 39 a 775 a 	 804 a 700 b 1.5 ab 1.6 a 1Aa 

o Propanil 1.5 78 b 50 b 4' a 732 a 	 805 a 1088 a 1.7 ab 1.6 a 1.2 a 

0.5 134 b 154 c 31 a 894a 642a 1150a 1.0 b 0.2 b 0.8aFluazifop-butyl 

O aAv of three replications. bHand-weeded check = weeded at 15, 30, and 45 DAS. CSampled at 70 DAS. dTaken at 100 DAS. 
Z;
 

Table 12. Effect of time of butachlor application on weed control, stand count, and yield of direct-seeded, flooded 
IR36 with and without NA protection.8 IRRI, 1981 WS. 

Yield (t/ha)Stand countc (no./m 2)Time of Weed wtb 
application (g/m2 ) With NA Without NA Difference With NA Without NA Difference 

ns
 
56n $
169 b 	 3.4a 4.3 a -0

3 DBS 2 a 226 ab 
ns 

At seeding 5 a 202 ab 94 bc 108* 3.6a 3.2 ab 0.4ns ° 
192 b 46 c 146 3.4a 2.9 b 0.53 DAS 7 a 	 ns ° 

6 DAS 22 b 249 ab 181 b 68 3.5 a 3.6 ab 0.1

10 DAS 39 b 	 291 6 4 ns 3.4a 3,5 ab 0.1 r355 a a 	 -

8Av of four replications, bAy of two NA treatments. Sampled at 45 DAS. cAt 14 DAS. 

Thble 13. Effect of time of flooding on grain yield and other characters of wet-seeded IR36.0 IRRI, 1982 WS. 

Flooding time 

Character 
Planting time 3 DAS 6 DAS 9 CAS 12 DAS 15 DAS 

Stand count (no./m 2 ) 159 b 193 ab 194 ab 225 ab 220 ab 243 a
 

Plantht(cm) 25DE 28 b 31a 32a 32a 32a 33a
 

Plantht(cm) 70DE 76 b 77 b 79ab 80ab 81 ab 82a
 
Tillers (no./m 2 ) 390 b 527 a 500 a 554 a 521 a 567 a
 

24 bcTotal weed wt (g/m2 ) 75 a 19 bc 33 bc 14 c 40 ab 

Yield (t/ha) 2.3 a 2.5 a 3.1 a 3.0 a 3.1 a 3.1 a 

aAv of four replications and three weed control methods. 



8 

Table 14. Effect of weed control methods on yield and other characters of wet-seeded IR30. IRRI, 1982WS. 

Plant ht (cm) Tillers Total weed wt Yield 
(t/ha)Weed control method Stand count 	 (no./m 2 ) (g/m2 ) 

(no./m 2 ) 25 DAS 70 DAS 

45 a 2.8 b 
b 29 b 79a 433 c

135Butachlor (1 kg ai/ha) 
574a 11 b 3.2

Two hand weedings 230 a 33a 80 	 2.6 b522 b 46a
252 a 32a 79 aNo weeding 

aAv of four replications and six flooding times. 

15. Effect of depth of flooding and application of NA op plant height and shoot dry weight of wet-seeded IR36.
Table 

IRRI agronomy greenhouse, 1982.
 

Shoot dry wt (g) 28 DAS 
Depth of Plant ht (cm) 14 DAS 

DifferenceWith NA Without NA Difference With NA Without NA
floodingb 

Butachlor (1.0 kg ai/ba) 
2 a 1 a164*34 a 18 a 


1/10 of plant ht 34 ab 16 a 17"*
Saturated 	 3 a 2 a 

15 3 a 2 a17 a1/5 of plant ht 32 ab 	
19"* 1a13 ab3/10 of plant ht 32 ab 	 2 a 


2a
2/5 of plant ht 32ab 11 b 21* 	
2a 1 a 

1"* 
b 10 b 19"

1/2 of plant ht 28 
No herbicide 

-ns 2 a 2 Ons 
34 a 34 a 	 S2aSaturated 2
 

1110 of plant ht 33a 35 a 
3ns 2 a 2 a Ons
 

1/5 of plant ht 32 a 35 a 2 a 
 Ons2 a 

3/10 of plant ht 32 a 33 a 2a Ons
 - 1 ns 

2 a- 2 ns35 a 	 rs2/5 of plant ht 33 a 
35a 2 a 2 a 


1/2 of plant ht 33 a -2ns 


aAv of six replications. bBased on the average plant ht 6 DAS and maintained throughout the experiment. 

Table 16. Survival, plant height, and shoot dry weight of wet-seeded IR36 as affected by butachlor application and use 

of safener.a IRRI agronomy greenhouse, 1982. 

Shoot dry wt (g)
Plant ht (cm) at 35 DAS

Survival %) 

No Dif-Buta- No Dif- Buta-
Safener Buta- No Dif-

chlor herbicide ference
chlor herbicide ference

chlor herbicide ference 

ons 0.68 0.6 a O.On s 

91 b 2 ns 53 a 53 a 
Naphthalic 93 a 

anhydride 55a -11* 02 b 0.6a -OA* 
43 b 98a -55"* 44 b

Activated 

charcoal -11* 0.3 b 0.7a


41 b 52a100a -62**38 bNone 

iA v of six replications. 

19). Oxyfluorfen and M-8140were initially moder
higher than the untreated check (Table 18). Plots 


treated with butachlor and oxadiazon, regardless ately toxic to rice.
 
bunded rice. Preliminary 

of the application method, had significantly fewer Dry-seeded rainfed 

screening. Herbicide trials in dry-seeded bunded 
weeds than the untreated check. 

rice continued in the WS. Melochia concatenata 
Rainfed direct-seeded rice. Preliminaryscreen-

ing. Plots treated with the coded herbicides yielded was the dominant weed. 

At 30 DE, most plots treated with propanil and 
significantly more than the untreated check (Table 
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Effect of herbicides on weed control, crop tolerance, and yield of rainfed transplanted IR42. IRRI, 1982 
Table 17. 
WSN. 

b (g/m2 ) Visual YieldbApplication Weed wt (t/ha)Tretmet'toxicity 
c
 

Treatments 
 Rate Time Broadleaf Grasses Sedges rating
weeds(DT)(kg al/ha) 

0a 1 4Aa2a 41 a2.0 17M-8140 EC 3 a 0 4.4a1 a 53 a0.1 5Oxyfluorfen G 42 a33 a 44a 2
1D 17 1 aM-8140 EC 4.1 a013 1 a 89a 1 a1.0M-8140 EC 1 3.9 ab0a 58 a 186 a0.05 5DPX 5384 G 63 a 187 a 0 3. ab 
Twice 15+30 0 a

Hand-weeded check 0 3.6 ab35 a 4 a0.05 5 0 aDPX 5384 G 0 3.0 bc3 a 16 a 72 a 
Thiobencarb - 2,4-D check 1.0-0.5 5 

4 a 0 2.3 c 
- Ia 50 a 

Untreated check 


means that two herbicides were formulated on the same carrier and applied as asingle treatment.
 
'A spaced dash (-) = comno toxicity and 10 
bAy of three replications. CRated at 2 wk after herbicide application on a scale of 0-10 (0 = 


plete kill).
 

Table 18. Effect of herbicide spray volume on weed control, crop tolerance, and yield of rainfed tronsplanted IR36.8 

IRRI, 1982 WS. 

Applicationb Total weed Visual Yield 

Tie Weight toxicity (t/ha)Wih c ratingd~Rate Time 
(DT) (g/m 2 )

Method (kg ai/ha)Treatment 

8 a 4 3.4 a 
KS 0.6 2

Oxadiazon 3.Oa01.5 2 33 abMH 
- Twice 15 & 30 12 abThiobencarb 0 229a 

Hand-weeded check 2.7 ab8 e 3
MH 0.6 2

Oxadiazon 2.5 ab3 a 0
MH 1.0 2

Butachlor 0 2.5 ab2 4aKS 1,nButachlor 26 ab 1 2.3 ab 
KS 1.5 2

Thiobencarb 1.7 b113 b 0 
-Untreated check 

NAv of three replications. bKS = knapsack sprayer. MH = micronherbi. cSampled at 50 DT. dRated at 10 DT on a scale 

of 0-10 (0 - no toxicity and 10 = complete kill). 

Table 19. Effect of herbicides on weed control, crop tolrance, and yield of rainfed wetseedee IR42. IRRI, 1982 WS. 

Application Weed weight b (g/m2 ) Visual Yield b 

Grasses Sedges toxicityrating" (t/ha)
Treatment Re Time BroadlefTramnaRate 

weeds(DAS)
(kg ai/ha) 

4 4.a26 a 29 a2.0 13 0 a
M-8140 EC 0 4.7 a1 a 23 a 15 a 
DPX 5384 G 0.5 5 

0 a 1 4.5 a0 a 5 a2.0 17M-8140 EC 4 4.3 a35a 20 a0.15 5 0 aOxyfluorfen G 1 4.0 a10a 1 a0.2 5 0 aDPX 5384 G 1 3.4a0 a 8 a 0 a1.0 17M-8140 EC 9 a 4 3.3 ab31 a0.1 5 1 aOxyfluorfen G 2 3.2 ab33 a 21 a 
- 2,4-D check 1.0-0.5 5 0 a

Thiobencarb 0 1.2 b 
- - 0a 23 a 31 a 

Untreated check 

carrier and applied as a single treatment. 
means that two herbicides were formulated on the same

8A spaced dash (-) 
= no toxicity and 10 - com

bAv of three replications. CRated at 2 wk after herbicide application on a 0.10 scale (0 


plete kill).
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Advanced trials. Most herbicide treatments pro
those with the herbicide combinations had signifi-

vided adequate weed control. Plots treated witlh 
cantly fewer weeds than the untreated plots (Table 

thiobencarb, R H 8817, pendimethalin+ propanil, 
20). Toward crop maturity, however, there was 

follow-upand thiobencarb + propanil without a 
tremendous weed regrowth in the plots. At harvest, 

hand weeding yielded similarly to hand wecded 
only the fluorodifen + propanil treatment provided 

plots and significantly higher than the untreated 
weed control comparable with that of hand weed-

check (Table 21). Herbicide treatment with hand 
plots gave signifi-ing. However, all the treated 

grain yields only slightly overweeding increased 
cantly higher yields than the untreated control, 

which yielded nothing. Butachlor and pendimetha- herbicide treatment alone. Propanil failed to con

trol M. concalenata and Chlorisbarbata. 
fin gave lower yields than the other herbicides 

spray volume.Herbicide application at low 
because they did not control M. concatenata. 

Table 20. Effect of promising herbicides on weed control and yield of dry-seded bunded rice.a IRRI, 1982 WS. 

YieldApplication Total weed wt (glcm2 ) 
Harvest (t/ha)

Weed control methodb Rate Time 30 DE 

(kg ai/ha) 

8 b 178 bed 2.6a8DE1.61-039Propanil-thiobencarb 139 at'c 2.4 a 
- 8 DE 25 bc1.96 - 1.09 0.45

Propanil - thiobencarb - fenoprop 9i e 2.4 a
 
-
 14,28,42 DE 2 a 

Three hand weedings 2.2 ab51 bed 199 bedPE0.5Oxadiazon 28 b 292 bcd 2.0 ab 
2.375 - 2.375 8 DE 

Molinato + propanil bc 386 bcd 2.0 ab8 DE 26 
Propanil 2.0 

31 bed 143 ab 2. ab8 DE1.5+1.5Fluorodifen +propanil 21 bc 324 bed 1.8 abc 
1.5 fb 0.5Propanil + 2,4-D 

PE 
8 DE 

93 cde 256 bed 1.1 bc 
1.5Pendimethalin 177 e 583 d 0.5 cd

PE1.5Butachlor de 428 cd 0.0 e
 
Untreated check 


two herbicides were applied as a proprietary mixture. + = tank
 

- 153 

meansaAv of three replications. bA spaced dash (-) 

mixed. 

IRRI, 1982 WS. 
Table 21. Effect of different herbicides on weed control and yield of dry.seeded bunded rice. 

Yield (t/ha)
Total weed2 ) Unedd Wddwt(g/mApplicationWeed control method 

Weeded 
Rate 

UnweededTime 
(kg ailha) 

2.9 a32 abc 2.6 ab8 DE1.5 + 1.5Pendimethalin + propanil 4.6 abed 2.2 ab 3.1 a 
3.0Thiobencarb 

PE 
13 ab 22 ab 3.0a
 

RH-8817 1.0 PE 
0 a 2.6 a 2.5 abc
 

- 14,28,42 DE 

Three hand weedings 1.7 abc 3.2 a
32 abc8 DE1.5 + 1.5Butachlor + propanil 23 ab 2.2 ab 2.6 abc

8 DE2.25 + 1.25Thiobencarb + oropanil 71 bcde 1 Babc 2B ab
PE2.0Butachlot 48 abed 1.2 bc 3.1 a
8 DE0.25 + 1.0 + 1.0

Dicamba + butachlor + propanil 1.4 abc 2S ab102 abed8 DE025+1.505Dicamba +butachlor +propanil de 1.6 abc 2.6 abc1088 DE0.25 + 1.5Dicamba + butachlor 2.6 abc35 abc 1.3 bcPE0.25 + 1.5Oxadiazon + pendimethalin 2.3 abc23 abc 1.4 abcPE0.25 + 2.0Oxadiazon + pendimethalin 0. c 2.3 abc199 de 
Oxadiazon 0.75 

PE fb 15 DE 216 de 1.1 be 1.9 abcPE 
2.0 fb 0.5Pendimethalin fb 2,4-D 
2.0 PE 103 abed 0.9 be 1.7 be 

Pendimethalin 452 a 0.7 c 1.5 c 
3.) cPropanil 

8 DE 
474 e 0.7 c 1.5 

-Untreated check 

aAv of three replications. 
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Oxadiazon and thiobencarb applied with the 
micronheibi sprayer provided significantly better 
weed control than the unireated check (Table 22). 
Butachlor controlled weeds better when applied 

with the knapsack sprayer. However, only the 

oxadiazon-treated plots yielded significantly more 

than the untreated check. 
Effect o] land oreparationand herbicide on 

weed control Evaluation of land-preparation 

methods in dry-seeded bunded rice continued 

during the WS. On each land preparation, post-

planting weed control treatments were superim-

posed. 
The best weed control was with glyphosate in the 

untilled plots and the poorest in the stale seedbed. 

Inadequate rain for uniform weed germination 
before harrowing or herbicide application resulted 

in poor weed control with the stale seedbed method 

(Table 23). Consequently, the time required for 
weeding was high. 

Increased weed infestation after the rice planting 
resulted in zero yields in the untreated plots of all 

land preparation methods. Application of buta

chlor+ propanil significantly increased grain yield 

in the stale seedbed. Yields among the tillage 

treatments were generally similar in the hand

weeded plots (Table 23). 
Dryland rice. Advanced triais, IRRI and Ba

tangas. At IRRI, pendimethalin provided the best 

control of R. exaltata, the dominant weed. How

ever, the highest yield was obtained with oxa

diazon. It was comparable with yields from the 

other treatments except propanil and thiobencarb 

(Table 24). 
In Batangas, all the herbicide treatments had 

significantly lower weed weights than the untreated 

Table 22. Crop injury, total weed weight and yield of IR36 under dry-seeded bunded conditions as affected by volume 

of herbicide spray9. IRRI, 1982 WS. 

Treatment 

Hand-veeded check 
Oxadiazon 
Oxadiazon 
Butachlor 
Butachlor 
Thiobencarb 
Thiobencarb 
Untreated check 

Application 

MehdRate 
Method (Kgai/ha) 

- Twice 
MH 0.6 
KS 0.6 
MH 2.0 
KS 2.0 
KS 2.0 
MH 2.0 

-

8Av of four replications. bSampled at 50 DE. CRated at 10 DE 

kill). 

Table 23. Effect of land preparation methods on weed control 
1982 WS. 

Land preparation Weed count Weeding time 
methodb (no./m 2 ) 

394 b 1116 b 

Stale seedbed fb paraquat 376 b 844 ab 

Zero tillage 148 a 859 a 

Conventional tillage 216 ab 809 a 

Minimum tillage 222 ab 802 a 

Stale seedbed fb " harrow 

Total 
b


weed wt
 
(/ 2 


(g/m 2) 

39 a 
74 ab 

113 bc 
102 bc 
74 ab 

131 bc 

76 ab 

258 c 

Visual Yield 
toxicity t/ha)
aiE

ratingC 

0 1.5 a 
2 1.2 a 
2 0.9 ab 
1 0.5 bc 
1 0A bc 
0 0.3 bc 
0 0.1 c 
0 0.0 c 

on a scale of 0-10 (0 no toxicity, and 10 = complete 

and yield of dry-seeded rainfed bunded ricea. IRRI, 

Yield (t/ha) 

Butachlor + Hand-weeded 
Untreated 

control 
propanil 

(1.5+1.5) 
check (14 fb 

35 DE) 
(kg ai/ha) 

0 a 2.6 a 3.8 a 

0 a 2.5 a 3.6 a 

0 a 0.9 b 3.3 a 

0 a 0.5 b 3. a 
0 a 0 b 2.1 b 

aAv of three replications. bParaquat was applied at 0.75 kg ai/ha. Glyphosate was used on the zero-tillage plots at 1.5 
one plowing + one rotovation.

kg ai/ha. Conventional tillage = one plowing + three rotovations. Minimum tillao 
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1982 WS. 
Table 24. Effect of herbicidems on weed control, crnp tolerance, and yield of IR36 under dryland condition. 

BatangasIRRIbApplicationb 
c 
 Toxici Yield

Treatment Rate Weed wt Toxicit Yield Weed wtO 


(g/m2 ) rating'

(kg el/h) (grm2) rutin;' (t/he) 

0 1.5 a 
24? abc 0 1.2 a 108 a

TwiceHand-vieeded check 3 1.6a2 1.1 a 262 b
2.0 123 abPendm;3thalin 3 1.4a2 1.0 ab 166 ab
1.5 132 abDinitranine 3 1.2.248 b2 1. eb2.0 220 abcButralin 4 1.1 b182 ab
0.5 286 abcd 4 0.9 abc 

Oxyfluorfen 4 0.6 bc
3 1.2a 262 b

1.0 212 abcOxadiazon 2 0.3 bc2 1.0ab 219 b
2.0 146abButachlor b 3 0.6 bc

2 0.5 c 2733.0 314 bcdThiobencarb% b 3 0.3 c
3 0.7 bc 2372.0 93 cdPropanil c 0 0.1 c
0 0.0 d 508 - 707 dUntreated check 

were hand weeded at 35 DE because of heavy
the untreated check,

aAv of four replications/sita. bAll plots, except 
'Weadswere sarnpled at harvest. dAlI plots rated 10 DE except the propanil treatment, 

Rortboel/ia exeltato infestation. were sampled at 69 DE. 
no toxicity and 10 = complete kill). eWeeds 

which was rated 6 DAT on a scale of 0-10 (0 = 

check. But only dinitramine and oxyfluorfen con-

trolled weeds similarly to two hand weedings. Plots 

treated with pendimethalin, dinitramine, butralin, 

and oxyfluorfen yielded higher than the untreated 

control. 
Oxadiazon and oxyfluorfen were moderately 

toxic at both sites. 
low spray volumne.Herbicide appiication at 

of the spray volume, butachlor andRegardless 

did not control R. exaltata. Oxa-
thiobencarb 

diazon provided slightly better weed control and 

gave significantly higher yields than either thio-

bencarb oi butachlor. Application of oxadiazon 

with micronherbi further improved weed control 

by about 50% over knapsack spraying. 

Preplantingconirol of weeds with chemicals. 
asThree heibicide combinations were evaluated 

substitutes for tillage and for the control of existing 

weeds. Postplh.tnting weed control measures were 

overlaid on each tillage treatment, 
Fast regrowth of C. rotunduswas observed in all 

untilled plots, regardless of the herbicide. The 

relative dry weight of C. rotundus ranged from 72 

to 86% of the weed flora (Table 25). Conventional 

tillage (one plowing+ three rotovations) produced 
dry weight of C. rotundus.the lowest relative 

However, L triloba,C. nucunoides,and Paspalum 

sp. became dominant after C.rotundussenesced at 

around 50 DE. As a result, the untreated, conven-

tionally tilled plots yielded no grain. Regardless of 

the tillage treatment, yields of the hand-weeded 

plots were generally higher than those of the other 

weed control treatments (Table 26). 

Selectivity ofbutachlor as influenced by seeding 

depth andseed coating. During the WS, the effect 

of seeding depth and coating of the rice seeds with 
on butachlor toxicityNA and activated charcoal 

was evaluated in a greenhouse trial. The mesocotyl 

length of IR36 was related to the seeding depth. 

cm deep resulted in shorterButying the seeds 2 

cm deep. The
mesocotyl than planting them 4 

protected and the unprotected seeds did not differ 

in mesocotyl length in any herbicide treatment. 

However, in the herbicide treatment, the meso

cotyls of the NA-coated seeds were significantly 

longer than those without NA or those coated with 

activated charcoal. Activated charcoal as a safener 

was ineffective (Table 27). 
not affected byPlant height at 13 DAS was 

seeding depth. However, NA-coated seeds pro

than the unprotected seeds,duced taller plants 
except in the no-herbicide, 4-cm planting (Table 

27). 

PERENNIAL WEEDS AND THEIR CONTROL 

.ffects of reduced tillage. The study onLong-term 
on weed shift andthe effects of reduced tillage 

ondensity in transplanted rice (TPR) continued 

the 17th and 18th crops. IR34, IR40, and IR42 

planted in plots prepared by conventionalwere 
tillage, minimum tillage, and zero tillage. Conven

tional tillage involved one plowing and two har

rowings; minimum tillage involved one harrowing; 
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some wod species 30 DE as affected by harbizidet used a tillage sbstlitts. IRRI,
Table 25. Relative dry weights of 
1982 WS. 

Relative dry wt(%) 

Zero tillageb
 
Conventional 


Weed species tillage (one
 
Paraquat -- diquatplowing + three Glyphosate fb Paraquat - ametryn 

tb paraquat (1.1 fb paraquatharrowings) paraquat (1.5 
fb 0.5) - 0.9 fb 0.5) (0.5 - 0.3 fb 0.5) 

72 	 77
Cyperus rotundus 28 86 

Ipomo0a triloba 26 5 3 1 
1 119 1 
0 0Calopogoniummucunoides 

14 	 0Paspalum Sp. 
tCynodon dactylon 	 0 4 8 15 

Agraturaconyzoides 	 0 1 1 
1 

4 
04 2Dl9itariasetigera 

1 	 13 	 0Eleusine indica 
1 (9) 13 (13) 1(15)5 (15)Others 

65 155 176 	 150
Total weed wt (g/m 2) 

aThe number of the other weed species in parentheses. bThe herbicides were applied 10 DBS and 1 DBS. Values in 

means the herbicides were ap
parentheses are rates in kilograms of active ingredient per hectare. A spaced dash (-4 


plied as a proprietary mixture.
 

Table 26. Yield as affected by tillage and weed control practices IRRI, 1982 WS. 

Yield (t/ha)Application 

Postplanting b


With tillage treatmentweed control Rate Time 
(kg ai/ha) - CT ZT 1 ZT2 ZT3 Mean 

- 2 ib 5 WE 1.2 a 1.4a 1.2 a 1.2 a 1.2 a 
Hand-weeded check 

1.1 a 1.2a 1.0a 02a 1.1 a 
Butachlor fb 2,4-D 2.0 fb0.5 PE fb2WE 

ID a 1.a 1.0a 0.2a 0.1 b3.0 fb 0.5 PE fb2 WEThiobencarb fb 2,4-D 
- 0 b 0.8 b 0.9 a 0.9 a 0.6 b

Untreated check 
0.8 b 1.1 b 1.0 ab 1.0 ab

Mean 

= glyphosate fb paraquat. ZT 2 paraquat
aAv of three replications. bCT = conventional tillage. ZT (zero tillage)1 


ametryn fb paraquat. ZT 3 = paraquat-diquat fb paraquat.
 

Table 27. Mesocotyl length and plant height of IR36 as affected by herbicide, depth of seeding, and use of safener.8 

Agronomy greenhouse, IRRI, 1982. 

Plant ht (cm) atMesocotyl length (mm) at 
seeding depth ofseeding depth of 


Safener
 
2 cm 4 cm Difference2 cm 4 cm Difference 

No herbicide 23a Ins
5 a 15 b -10* 24 a

Naphthalic anhydride 	 23 a -1ns
6 a 16 a -10"* 22 b

Activated charcoal 
None 	 -10"* 22 b 24 a -2 ns 

6 a 16 ab 

Butach/or 
13 a -7** 13 a 12 a Ins 

Naphthalic anhydride 	 Ons6 a 
11 b -7** 6 b 6 b 

$Activated charcoal °* 	 on4 
3 

b 
b 11 b -8 6 b 6 b 

None 

aAv of six replications. 
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zero tillage involved removing stubble of the 

previous crop and applying paraquat. The zero-
tillage plots in the 17th crop were cultivated 

conventionally to check the buildup of Paspalum 
paspalodes. 

Annual weeds were E. glabrescens, E.crus-galli 

ssp. hispidula,and M. vaginalis;perennials were P. 

paspalodes and Scirpus maritimus. 
In the 17th crop, P.paspalodes infestation was 

still high on the zero-tillage plots although they 

were cultivated (Fig. 2). Consequently, yields in the 

zero-tillage plots were significantly lower than 

those in the conventional tillage plots, regardless of 

variety (Table 28). Infestation of S. maritimusand 

the annual weeds did not vary with tillage intensity 

(Fig. 2). 

In the 18th crop, total weed infestation also 

increased with decreasing tillage (Fig. 2). However, 

the differences were minor antd did not cause 

significant variation in yield between tillage treat

merits in most varieties (Table 28). 
Managementandcontrolof Scirpu' maritimus. 

1974 DS were
Field experiments begun in the 

continued in 1982. During the DS, the herbicide-

treated and rotary-weeded plots yielded similarly 

and statistically higher than the untreated check 

(Table 29). Because of the heavy population of S. 

maritimus, the untreated check yielded very low. 

Where maize was intercropped with soybean, 

weeds did not greatly affect yields of either crop in 

the untreated check. 

Weed wt (gh/r) 

250 
h,ohu +MoCAhVioCYAnnual+ if rsgodlw ssspch/iodooAoo* mag/ods 

vinls) 
200 

200 pa a ds, 

. 

150 

100 

50 -. 

0 -18h crp---
i 18th cro 

.--- 7th 

i t r 


2.Weed dry weights at harvest as indices of weed control by
zerominimum tillage (MT), andconventional tillage (CT), 

tillage (ZT). Av of three cultivars/tillage level per crop. IRRI, 

1982. 

Where maize was planted alone, the yield differ
treatments were not significant.ences between 

Maize competed with weeds even in the untreated 

check. 

Table 28. Effect of tillage treatments on weed control and yield of the 17th and 18th crops. IRRI, 1982 DS and WS. 

IR34 


Treatment Weed we (g/m2) 
YieldbTreatment/ Weew 


Annual Perennial Total (t/hc) 

Conventional 1 40 41 2.3 a 

tillage 

Minimum tillage 
Zero tillage 

1 
0 

58 
212 

59 
212 

2.3 a 
1.6 b 

IR42
IR40 

2 )a 	 Weed wt (g/mWeed we (g/m2 ) 

Yidldb 	 Yield b
 

Annual Perennial Total (t/ha)
Annual Perennial Total (t/ha) 

17th crop, 1982 DS 
70 71 2.9 a4 27 31 1.5a 	 1 

72 72 211a9 58 67 1.3 ab 	 0 
0 124 124 2.0 b

0 145 145 0.8 b 

18th crop, 1982 WS 
145 148 32a
167 1Aa 3

9 109 118 2.9 b 30 137
Conventional 
tillage 

115 119 1.3a 1 165 166 32a 
Minimum tillage2 294 298 2.7 b 4 

240 243 2.7 a152 162 1Ua 3 
Zero tillage 21 222 243 3Aa 10 


'At rice harvest. Annuals were Echlnochloa glabrescens, Echinochloa crus.galisap. hispidula, and Monochoria vagnalis;
 

perennialz were Posplrumpaspalodesand Scirpusmaritimus. bAv of four replications. 
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Table 29. Effect of weeding method and cropping pattern on crop yield and population density of ScIrpus n-arlt.mu 

and other weals. IRRIo 1982 DS. 

Weeds (noJm2 ) 
CyewCropping pattern and Yieldethr ruuas Broadleaf Sedgrua Sclrpus Cyperus

weedin treanl~nt
weeding treatmnt Grasses weeds maritimus rotundus 

Rice (t)Continuous TPR 58 02 24
Rotary weeding 5.2a 142 

24 16 0
5.0 a 74 16Bentazon (2 kg ail/ha) 00 2 2440.6 b 98No weeding 


TPR Maize + soybean
otyland crops 
(ears) (kg) 

Hand weeding 39000+350a 42 0 0 8 0 
0 0 0 

Butachlor (1 .kg ai/ho) fb 32000+310a 312 0 

Bentazon (1.0 kg al/ha) 030 000 + 350 a 220 0 0
Noweeding 

Dryland crop - dry-seeded 
rainfed bunded rice 0 0 231500 r. 236 8Butachlor (1.2 kg ei/ha) fb 

Bantazon (1.0 kg al/ha) 
Hand weeding 33000a 64 18 0 

0 
0 

0
0 

43 500 a 408 6 0
Noweeding 

sAv of two replications. 

Table 30. Effects of weeding method and cropping pattern on rice yield and population density of ScIrpus marltimus 

and other weeds. IRRI, 1982 WS. 
2)Weeds (no.1m

Cropping pattern and Yieldr 
Grasses Broadleaf Sedges Scirpus Cyprus

weeding treatment (tlha) 
maritlmus rotandusweeds 

Continuous TPR 032 2502 8Rotawy weeding 2.7 a 07840 302A a 24Bentazon (2 kg al/ha) 400 020 00.6 b 0No weeding 

Drylend crops - TPR 
34 52

Rotary weeding 2.6 a 0 68 0 
72 00 164 146

Bentazon (2 kg al/ha) 2.2 a 02 3442 121.5 aNo weeding 

Dryland crop - dry-seeded, 
rainfed bunded rice 0 024 12

Hand weeding 2Aa 28 
0 30 0 0 0 

Butachlor (1.5 kg el/ha) 1.9 ab 0b 0 101 0 0 
No weeding 0 

aAv of two replications. 

probably due to fewer weeds in the untreated plot.
During the WS, in the continuous rice - con-

- TPR pattern, the herbicide-treated In the maize - dry-seeded rainfed bunded rice 
tinuous rice 

and pattern, only the hand-weeded plots had statis
and rotary-weeded plots yielded similarly 

tically higher yields than the untreated check. 
statistically higher than the untreated check (Table 

Because of the buildup of the broadleaf Macrop
30). A heavy population of S. maritimusresulted in 

only 0.6 t/ ha yield in the untreated check. tilium lathyroides, the untreated control yielded 

- TPR pattern, the non- nothing. Butachlor reduced grass and sedge pop-
In the dryland crop 

ulations, but not the broadleaf weeds. Conse
significant yield differences among treatments were 
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quently, the plot with the butachlor treatment had 

a low yield statistically similar to that of the 

untreated check. 
Control of perennial weeds with herbicides, 

During the 1982 WS, fluazifop - butyl, glyphosate, 

and paraquat, applied 8 d before and 8 d after a 

minimum soil cultivation in separate treatments, 

were compared with conventional tillage for the 
weeds in TPR. Minimumcontrol of perennial 


one plowing and one harrowing;
tillage involved 
conventional tillage one plowing and three har-

rowings. The perennial weeds were P.paspalodes 

and S. maritimus. 
was generally morePerennial weed control 

higher where herbicideeffective and yields were 
application preceded tillage (Table 31). For exam-

ple,plots treated with fluazifop - butyl, glyphosate, 

and paraquat yielded significantly higher when the 

herbicides were applied before tillage than when 

they were applied after. The highest weed weight 

was in the plots where tillage was followed by 

paraquat but it was not significantly different from 

the weed weights in the other treatments. 

Control of S. maritimus with herbicides. The 

control of S. maritimus with herbicides in direct-

seeded flooded rice was studied at IRRI during the 

1982 crop seasons. 
In the DS, different rates of 2,4-D were applied 

alone and in sequential combination with bentazon 
15 and 25 DAS. Bentazon andand .,ropanil at 

propanil were also applied singly. The weed had 

4-6 leaves tl15 DAS and 6-7 leaves at 25 DAS. 

No grain . s harvested in the untreated plot 

control and yield of transplanted IR36 as affected
Table 31. Perennial -teed 
1982 WS. 

Treatmentb 

Fluazifop - butyl fb 
paraquat fb tillage 

Glyphosate fb tillage 
Fluazifop - butyl fb tillage 
Conventional tillage 
Ti~lage fb glyphosate 
Paraquat fb tillage 
Tillage fb paraquat 
Tillage fb fluazifop-butyl 

Weed 

P. paspalodes 

8 ab 

18 ab 
13 ab 
10 ab 
8 ab 
9 ab 

64 b 
6 a 

because of heavy S. maritimus infestation. All 

herbicide treatments, except bentazon, propanil, 

and 2,4-D at 0.75 kg/ha, applied at 15 DAS yielded 
checksignificantly higher than the untreated 

(Table 32). All treatments applied at 25 DAS, 
except 2,4-D at 0.5 kg/ha, had significantly less 

weed weight than the untreated control. 
In the WS, single and tank-mixed applications 

of bentazon and 2,4-D were made at 15,20, and 25 

DAS, and tank mixtures of propanil and 2,4-D at 

20 and 25 DAS. The weed had 5-6, 6-7, and 7-8 

leaves at 15, 20, and 25 DAS. All the treated plots 

had significantly higher yields than the untreated 

control (Table 33). However, the weed weights of 

plots treated with 2,4-D at 0.75 kg ai/ ha at 15 and 

20 DAS, bentazon at 20 DAS, and bentazon + 

2,4-D at 20 DAS, were not significantly different 

from weed weight in the untreated check. The 
2 

lowest weed weights of 5, 6, and 7 g/ m were in 

plots treated with bentazon + 2,4-D, bentazon, 
and propanil + 2,4-D, respectively, all applied at 25 

DAS. 
Control of Cyperusrotundus. During the 1982 

WS, preplant herbicides fluazifop - butyl, SC

0224, and glyphosate, applied before or after one 

rototillage, were evaluated and compared withcon

ventional tillage for C. rotunduscontrol in dryland 
onerice. Conventional tillage was plowing and 

three rotovations. 
In general, glyphosate and SC-0224 were equally 

effective regardless of application time relative to 

tillage operation. However, glyphosate applied 
than before, tillage significantlyafter, rather 

wtc (g/m2 ) 
S. maritlmus 

24 a 

20 a 
54 ab 
62 ab 
89 ab 
30 ab 
84 ab 

118 b 

applied bet :- weed emergence
aAv of three replications. bButachlor was 

senescence of S. marltimus. 

by chemicals and reduced tillage0 IRRI, 

Total 

32 a 

38 ab 
67 ab 
72 ab 
97 ab 
39 ab 

148 b 
124 eb 

to control annual weeds. 

Yield(tiha) 

4.Oa 

3.8 a 
3.2 ab 
4.1 a 
2.5 bc 
3.4 ab 
1.5 cd 
0.8 d 

cSampled at near 
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M... IRRI, 
Table 32. Effect of herbicides on the control of ScIrpus maritimus and yield of direct-mded flooded 

1982 DS. 

S. maritimucApplication 
Yield

Treatmentb 
Time Count Dry wt (t/ha)Rate 

(no./m 
2 ) (g/m 2 )

(DAS)(kg al/ha) 

30 a 3.5a51 8251DBentazon 	 2A ab234 ab239 b25102,4-D 	 266 abc 22 ab
15 283 bc1.02,4-D 	 214 ab 1.9 abc246 bc250.752,4.0 	 371 be 1Sabc293 bc152,4-D 0.5 

bc 217 ab 1.7 abc
 
2,4.D fb2,4.D 0.5 fb0.5 15 fb25 279 

1.7 abc

15 fb 25 257 bc 187 ab

2.0 fb 0.5Propanll fb 2,4-D 	 143ab 1.6 bcd
15 230 bc1.0Bentazon 	 1.1 bcd2r5 bc 348 bc 


2,4-D 0.5 25 
291 bc 260abc 1.0 bcd


150.752,4-D 	 0.4 cd
15 478 bc 427 bc

3DPropanil 	 521 c 0 d615 c 
Untreated check 


at near senes
8Av of three replications. bButachlor was applied before emergence to control annual weeds. CSampled 


cence.
 

and yield of direct-seeded flooded IR368. IRRI, 
Table 33. Effect of herbicides on the control of Scirpus maritimus 


1982, WS.
 
b

S. morltlmusApplication Yield 
Treatment YieldRate Time Count 	 Dry wt 

(g/m
2 )

(no./m 
2 )(DAS)(kg ail/ha) 

42a20 ab32 ab250.752,4-D 	 16 ab 42a 
1.5 +0.5 20 36 bc 

Propanil + 2,4-D 	 4.1 a80 cd15 122 de0.752,4-D 	 41 bc 329acd15 741.0Bentazon 	 5a 3.9a
25 10a0.5 +05Bentazon +2,4-D 	 3.8 a6a

1.0 	 25 15 ab
Bentazon 	 7a 3Ba14 ab
Propcnil + 2,4 -D 1.5 +0.5 25 	

de 115 cd 3.7 a20 1751.0Bentazon 	 80 cd 3.6a120 de0.5 +0.5 20Bentazon+2,4-D 	 c 3.5a15 103 cd 68
0.5 +0.5Bantazv-, 2 ,iD 	 3.3 a95 cd20 145 de0.752,4-D 	 201 d 1. b 

- 305 a 
Untreated check 

aAv of four replications. bSampled at near svnescance. 

reduced C. rotundus density. Fluazifop - butyl 	 treatments except tillage followed by fluazifop - I 
butyl. The low yield with the latter treatment could 

was consistently ineffective against the weed. 
t/ha obtained with be attributed to poor weed 	control and greater

The highest yield of 1.1 
tillage followed by either SC-0224 or glyphosate 	 phytotoxicity, which resulted in crop stunting and 

reduced tillering.was comparable with the yields of all the other 
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AN EFFICIENT MODEL FOR LARGE PUMP 
SYSTEMS MANAGEMENT 

Irrigation Water Management Department 

Pump irrigation systems are costly to construct 

and operate. In many circumstaices, however, no 

better alternative to pumping water for irrigation is 

With the cost of energy rising, pumpavailable. 
irrigation can be economically attractive only if its 

operational efficiency is high. 
a study was begun in the Libmanan-In 1981, 

Cabusao Pump Irrigation System (LCPIS) in 

Camarines Sur Province, Philippines, in collabora-

tion with the National Irrigation Administration 

Bicol River Basin Development(NIA) and the 
Program (BRBDP). A major objective is to 

develop an efficient, practical, and implementable 

method for the water management in the LCPIS 

for two annual rice crops. The study results may be 

applicable to a number of other irrigation invest-

ments planned for the farmers of the Bicol River 

Basin. 
LCPIS has four 91.4-cm propeller pumps that 

lift water from the Libmanan River. Water is 

diverted through a main canal and its laterals to a 
mostpotentially irrigable 3,472-ha area. As in 

other irrigation systems, LCPIS was designed to 

according to the so-called rotationaloperate 
method of water distribution. This method had 

various problems. For example, during the 1981 

WS, the first season after construction, it was 

found that the different reaches of the laterals 

could not be supplied ".,ithadequate continuous 

flow because of excessive cbcking of the flow by 

head-end farmers, pumping schedule interruption 

due to electric outages, and use by some farmers of 

unauthorized cuts in the canal banks. As a result, 
onthe most distant farmers depended entirely 

rainfall. Only about 1,668 ha, nmostly located at the 

head reaches of the lateral canals, were irrigated 

and planted to rice during the !981 WS. 

To solve these problems, an alternative method 

of water allocation-distribution was designed and 

implemented starting the second season of opera-

tion (1982 DS). The revised method can be called 
"sectionwise rotation in laterals" and was aimed at: 

" better equity in water distribution, 

" greater efficiency in water utilization, 

" acceptability by all farmers, and 

" practicality in implementation. 

Distribution in laterals B and C, which together 
supply water to about 76% of the serviceable 
LCPIS area, would be made at weekly fixed 

periods for each delineated lateral section. Each 

lateral canal service area was divided into three or 

four sections depending on the location of appro

priate control structures and the flow capacity of 

the lateral and its sublaterals. The physical layout is 

1. The allocation and distributionin Figure 
schedules for the different sections are in Figure 2. 

Laterals A and D and the main canal tailend (MC 

tail), together servicing about 24% of the area, were 

irrigated with the conventional method. 

System performance. Area irrigatedandwater 

supply. During the consecutive 1981 WSand 1982 

DS and WS, 1,668, 1,634, and 2,032 ha were 

irrigated (Table 1). These areas correspond to 48%, 

47%, and 58%, re , ectively, of the entire area. In 

lateral B, the area .rrigated did not vary much from 

In lateral C, the area irrigatedseason to season. 
incicased every season (Fig. 3); in lateral D and 

MC tail, it decreased during the 1982 DS and WS 

WS. The revised watercompared with the 1981 
method was implementedallocation-distribution 


only in laterals B and C starting in the 1982 DS.
 

In the 1982 DS, the irrigation coverage in the 

system as a whole could be maintained at about the 

same level as in the 1981 WS despite a relative 
pump and rainfallwater supply (RWS) from 

sources of only 1.1 in the 1982 DS compared with 

1.35 	in the 1981 WS (Fig. 4). In the 1982 WS, the 
comirrigated area increased by 364 ha, or 22%, 


pared with the 1981 WS.
 

Ideally, the proportion of total flow received by 

each lateral should match the proportion of total 

area planted off of that lateral. In the 1981 and the 

1982 WS, lateral B received less than its propor

tional share (Table 2). The percentage was very 

much lower during the 1982 WS because rainfall 

was frequent and abundant. Further, the number 

of operating pumps was reduced to two, one, or 
pump ran, lateral Bnone and when only one 

received no water because the bed level of the 

portable Parshall flume, which was installed below 

the headgate, was too high to allow water to pass 

through the flume. However, rainfall was abundant 

in the lateral B service arc t. 

Lateral C received more than its pro'.ortional 

share of the flow during the 1981 WS 'iut a lower 
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General layout of the LCPIS showing the different sections of laterals B and C. Philippines, 1982. 
1. 

0800h 0800h 

(71ho) 
Section 2B
 

(225 ha) (215 ha)
 
Section 1B 

0800h Section IC 

Saturday (138 ha) 

"> o, '\2000h 

Wednesday 

0800h 
Friday Friday 

LATERAL C 
LATERAL B 

2. Schedule of irrigation water delivery by section of lateral canal. LCPIS, Philippines, 1982 DS. 
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Table 1. Irrigable and actuaIly irrigated areas. LCPIS, Philippines, 1981 WS, 1982 DS and WS. 

Benchmark Post Implementation_______________ 

Lateral, section Irrigable' 1981 WS 1982 DS 1982 WS 

A 915) 7.7 40.1 46.6 

B 
(2.6) 

550.0 416.3 420.2 435.1 

C 

1B 
2B 
3B 

(15.8) 
225.0 
215.0 
110.0 

2097.0 

189A 
153.6 
73.3 

678A 

172.7 
179.3 
38.2 

811.5 

173.0 
180. 

81.3 
1049.5 

1C 
2C 
3C 
4C 

D&MC Tail 

(60.4) 
138.0 
711 . 
643.0 
605.0 
686.0 

118.5 
381.5 
101.3 
773 

536A 

61.5 
378.6 
156.6 
214.8 
321.1 

126.8 
494.5 
170.2 
258.0 
468.3 

MCSP.3b 
(19.8) 
48.0 29.1 41.2 32.8 
(1A) 

Total 3472.0 (100) 1667.9 1634.1 2032.3 

aThe figures in parentheses are the percentages of command area under the lateral. b,k compact farm supplied directly 

from the main canal between laterals B and C. 

flow during the 1982 DS. Lateral D and the MC 
tail had a lower flow during the first WS and a 
higher flow in the succeeding seasons. 

In the last two seasons, lateral D and the MC tail 
received higher flow rates per hectare than either 
lateral B or C. Water was used less efficiently in 
lateral D and MC tail compared with laterals B 
and C. 

The largest amount of water (925 mm) was 
pumped during the 1981 WS; the lowest (527 mm) 
during the 1982 WS (Fig. 4). The amount of water 
pumped depended greatly on rainfall. However, 
pumping was also interrupted because of power 

Area (ha) 
50 Lofaro/ B 

W Irrigable area 
""'Area irrigOaed 1981WS 

Srea nigated 1982 DS 
500 Area irriqatedl 982WS 

250-

Section 1B Section 28 Section 3B 

failure, mechanical breakdown, and limited canal 
capacities. Figure 5 shows the contribution of these 
factors to usage. In 1982 WS, almost all of the 
unused available time was due to rainfall, showing 
that sound decisions were made to take full 
advantage of rainfall. 

Water distributionequity. Different sections of 
the area being irrigated by laterals B and C are 
beingcomparedtoassessthepossibleimprovement 
in water distribution equity due to the revised 
method. 

There were no substantial differences among the 
seasons in the area planted in the three sections of 

Lotero/ C 

.............
 
Section 1C Section 2C Section 3C Section 4C 

3. Irrigableareas and actually irrigated areas of the dilierent sections in laterals Band C. LCPIS. Philippines, 1981 WS and 1982 DS 

and WS. 
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Water (mm) 

RirementsucceedingWatr 
Pumped water.......


ed waterRV;S rainiall +pum 

water requirement2000R 

RWS_135 

1500 - w Virrigated 
PONo RWS=IIO 

1000- 4Most 

500 

0 
1981 WS 1981 DS 1982 WS 

(wk 23-40) (wk 51-16) (wk 25-42) 

4. Water requirment, water use, and RWS. LCPIS, Philip-

pines, 1981 WS and 1982 DS and WS. 

lateral B (Table 1,Fig. 3). The middle sec.o~a had 

an increase of 26 ha during the 1982 DS; during the 
the area planted remainedseasons, 

steady. 
In lateral C, a major improvement in water 

distribution took place during the 1982 DS, the 

revised method. The area
first season for the 

increased 191 ha in sections 3C and 4C 

(the last two sections). In the first section, area 
irrigated decreased by 57 ha during the 1982 DS. 

of these high-elevation farms got water only 

by unauthorized checking of the canal during the 

previous season. The revised method did not 

provide much opportunity for unscheduled check
ing, which was to benefit many farms in the last two 

sections. During the 1982 WS, the area irrigated 

increased in all sections of lateral C as more rainfall 

occurred. 
To further evaluate the distribution equity within 

a-lateral, the Distribution Equity Index (DEI) was 
introduced. DEI is defined as the degree of success 

Table 2. Area planted and distribution of irrigation water flows by laterals and weekly rainfall amounts. LCPIS, Philip

pines, 1981 WS, 1982 DS and WS. 

Parameter 

%of total area planted8 

Av flow rate (liters/s) 

%of total flow 

Av flow rate per unit area 

(liters/s per ha) 


Av weekly raiw all (mm) 

Period considered (week no.) 

Lateral 
Benchmark1981 WS 

1982 DS 1982 WS 

B 
C 

D&MC-tail 
All 

25.5 
41.6 
32.9 

100.0 

27.1 
57.2 
20.7 

100.0 

22.3 
53.7 
240 

100.0 

B 
C 

D&MC-tail 
All 

463A 
1168.5 
633.5 

2265.4 

599.6 
1056.5 

586.1 
2242.4 

115.61 
525A 
322.3 
963.3 

B 
C 

D&MC-tail 
All. 

20A 
51.6 
22.8 
94.8 

26B 
47.1 
26.1 

100.0 

120 
54.5 
33.5 

100.0 

B 
C 

D&MC-tail 
All 

1.11 
1.72 
1.18 
1.39 

1.43 
1.30 
1.83 
1.44 

0.26 
0.50 
0.69 
0.47 

B 
C 333 259 64.3 

D&MC-tail 
All 

B 
C 

D&MC-tall 23-40 51-16 25-42 

All 

alncludes area planted in laterals B, C,and D&MC tail only. 
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Unused purnp-h on account of 

m A~olable 

rainfall occurence 
Unused pump-h on account of mechanical break-

downs, limited canal capacity, washed-out em-etr 
bankment,Unused pump-h on account of power failure 

Pump-h actually
Unused used 
750 P- csystem's 

75X0 

5000 

2500 -
Vise 

1982 WS1981 WS 1982 DS 

(wk 23-40) (wk 51 16) (wk 25-42) 

5. Number ofavailable and actually used pump-hours. LCPIS, 

Philippines. 1981 WS and 1982 DS and WS. 

achieved in irrigating the different sections of a 
caiewih rpectin thearfestretsedtionsfa 
canal with respect to the areas targeted for iriga-
tion in those sections and measured by the 
equation: 

n 

DEI= 1.0- I /X,- Yi/I100 
i= I 


where: X, is the i--rcentage oftotal area targeted for 
irrigation in the ith section of the canal, Y is the 
percent of total irrigated area in the ith section, and 

n isthe number of sections. The absolute values of 

(X-Y,) were used for summation in the equation 

late-transplanted areas. This also upsets the 

system's operational plan by hampering the repair 

and maintenance schedule for the canals, other 
structures, and equipment. 

For all seasons, it took about 19 wk to complete 
rice transplanting. This compares very unfavorably 

with the 3-e wk originally planned during the 
first operation in the 1981 WS (Fig. 7). A 

survey was conducted for the 1982 WS to determine 

the specific reasons why some farmers transplanted 
very late and others early. One hundred and two 
farmers were categorized as early, middle, and late 
on the basis of their transplanting dates. Eighty
five percent of the early transplanters said they 
wanted to avoid typhoon and flood damage, which 
usually hit the late-transplanted areas. To achieve 
early transplanting, most farmers gave land

preparation priority to plots with sufficient water. 

Late transplanters cited lack of water and capital as
the major reasons for failing to transplant early. In 
the floo r one areas, to muchs water In 

the flood-prone areas, too much water in the
 
causebeginning of the season was a major of 

delayed transplanting. 
Riceproductionandwaterproductivity. Average 

yield was highest (3.63 t/ha) in the 1982 DS. The 
lowest yield (2.74 t/ha) in the 1982 WS (Table 3) 
can be attributed to two typhoons in July and 

DEI
 
100
 

at B
 

:L:t C
 

0.75...
 
..-. ....... ::::::::
.... ::
because a deviation to the poitive or negative:.......


would mean a divergence from the ideal. 
There was a significant increase in DEl in lateral 

C during the first season (198 2 DS) of implementa-
tion of the revised model. Its value remained more 
or less the same during the succeeding season 
(Fig. 6). In lateral B, the DEl was already high at 
the benchmark time and it remained slightly higher 
during the succeeding seasons when the revised 
model was used. 

Cropping schedule. The farmers' cropping 
schedule is particularly important for a pump 
irrigation system. For example, when transplanting 
is extended over a long period during a season, 
pumping costs go up to meet the water needs of the 
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Table 3. Seasonal 

Total irrigable area (%)!
 
I
100 	 LS LPI ' 


(wet) T(0)t
 

La0HdI(dry) II 
Idy dy) I I d,) 

I r a 
751 

I a 	 !I 

I T(wet)I(wet) 

H (wet) 

25 .
 

25 30 35 40 45 5010 2020 25 30 35 40 45 50 5 15
Week no. 10 15 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
 
Month 	 Mar Apr I~oy dun Jul Aug Sep Ot Nrv Dec 


I 1981- - t 1982 


7. 	Farming activities calendar, actual(-) and planned(-). LCPIS, Philippines, 1981 WS and 1982 DSand WS. LS 

land soaking; LP = land preparation; T = transplanting; H = harvesting.= 

yields and water productivities. LCPIS, conducted: 
Philippines, 1981 WS, 

Av yield (t/ha) 

Area planted (he) 

Total production t) 

Water productivity 

pumped water) 
Water productivity 

(kg/ha per mm 

rainfall) 
ra lyi ld ithe 

and 1982 DS and WS. 

Benchmark Post implementation 

Bn r 
1981 WS 

s t iobjective 
1982 DS 1982 WS 

3.26 3.22 2.74a 
1667,90 1634.10 2032.30 
5437.00 5915.00 5568.00 

3.47 4.47 5.59 

2.09 2.84 1.64 

pThe low yield in the 1982 WS was due mainly to twoSt" 

phoons in July and September. 

September; the second one badly damaged many 

the grain
The water productivity, defined as 

yield per unit area for each unit of water used and 

based on pumped water plus rainfall, was higher in 

the 1982 DS than in the 1981 and 1982 WS 

(Table 3)because the average yield in the DS was 
higher. When only pumped water productivity is 

considered, the 1982 WS has the highest value 

because, although the yield wa. lower, much less 

pumping was done because of high rainfall (Fig. 4). 

Related training. In the 1982 DS, two training 

for farmers and water tenders wereprograms 

* On-farm water management and leadership 

training of farmers and farmer leaders. The 
was to improve understanding of 

water management principles and techniques 

and to identify the causes of conflicts in water 

sharing and problems of the system's opera
tion. The program was conducted in three 
sessions, each for 3 d in February and March. 

More than 140 officers of the farmers' service 

cooperative, farmer (compact farm) leaders, 
and selected farmer members participated. 

at Seminar-workshop on water management for 

water tenders, watermasters, and potential 
farmer leaders. The objective of this 3-d 
activity was to familiarize the 27 participants 
with water management principles and tech

niques, water flow measurement, monitoring 

of farming activities, billing and irrigation-fee 

procedures and strategies, andcollection 
leadership. 

ECONOMIC ANALYSIS OF FARMERS INTHE 

LIBMANAN-CABUSAO PUMP IRRIGATION SYSTEM 

Agricultural Economics andIrrigation Water 

Management Departments 

The LCPIS is an example of a large pump system 

with an irrigable area of about 3,470 ha. However, 
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the high investment, operation, and maintenance , 
costs may make the system economically infeasible. 

This point is criticoI to financiers and beneficiaries. 

So, an economic analysis was included as a major 

component of the joint IRRI-NIA study. The main 

objective is to evaluate the economic efficiency of 
LCPIS from both the farmers' and the system's 
sides. 

To generate the necessary cost-and-return in-
formation, a farm management survey has been 

conducted each cropping season since crop year 
1979-80, a year before system operation began. 

farmers selected from the potentialAbout 120 

service area of the system are being interviewed on 

production, labor inputs, fertilizers, chemicals, and 

other costs of farm production. 

Two crop yea:s' data have beeA collected and
 

analyzed. Data related to crop year 1979-80 

represent the before situation, and data for crop 

year 1981-82 represent the after situation. The 

difference between the two situations will be the 

basis for estimating system benefits. 

Farmers' socioeconomic characteristics. The 
socioeconomic characteristics ofthe sample farmers 

before an after the system establishment displayed 
per hectarechanges in area planted and yield 

(Table 4). Area planted increased from 22% to 78% 
in the DS and from 64 to 72% in the WS. Yield 
increased from 1.9 t/ ha in WS, when a majority of 
the farms are rainfed, to 2.5 t/ha in WS with 

irrigation. For the DS, yield increased from 1.8 to 

2.9 t/ ha. 

Costs and returns per hectare. To quantify the 
farmer benefits from the system, the gross margin 
from rice production for the before and after 

situations was estimated (Table 5). To eliminate 

inflation biases, all costs and returns were expressed 

in 1981-82 constant prices. The prevailing prices 

for rough rice in 1981-82, $0.13/kg for WS and 

$0.14 for DS, were used in both situations. 

Similarly, costs of major inputs such as fertilizzr 

and chemicals were expressed in the 1981-82 prices. 

The total value of ouput per hectare was 

computed by multiplying the unit price of rough 

rice by the yield per hectare. Variable costs consist 

of the cost of fertilizers, herbicides, insecticides, 

hired labor, imputed family labor, seeds, and other 

costs of production. 

236 IRRI ANNUAL REPORT FOR 1982 

incrop years 1979-80Table 4. Socioeconomic characteristicl of farmers
Camarines Sur, Philippines,LCPIS, 

and 198rar2. 

ws DS 

Before After Before After 
LCPIS LCPiS LCPIS LCPIS 

Sample (no.) 114 111 114 131 

Av farm size (ha) 2.0 1.5 2.0 1.5 

Av aria planted to rice (ha) 1.5 1.3 1A 1,3 

Area planted (%) 64 72 22 78 
Mean rice yield (t/ho) 1.9 2.5 18 2.9 
Tenure status (%) 

Owner-operators 16 18 16 16
 

Leaseholderor CLT 57 40 57 ,0
 

Share tenant 24 31 24 32
 
Mixed (others) 3 3 3 2
 

Mean age of farmers (yr) 49 47 48 48
 

Mean family size (persons) 6 6 6 6
 

The total gross margin per hectare per year 

before the LCPIS was begun was $220.50. After 

the introduction of irrigation, it rose to $367.20/ ha, 
reflecting an increase of $146.70/ha. The increase is 

higher in the DS than in the WS because irrigation 

water availability is more critical in the DS. A 
of the data also showed nodetailed analysis 

significant change in input use; it could be assumed 

that this increment in gross margin is attributable 
to the increase in yield per hectare and the increase 
in cropping intensity to the introducion of 

irrigation water and the provision of flood control
 
and drainage facilities. 

COMPARISON OF THREE MODELS OF IRRIGATION 

MANAGEMENT INTENSITY 

IrrigationWater Management Department 

A collaborative study of the NIA and IRRI is 

comparing three intensities of irrigation system 

management in the Upper Pampanga River 

Integrated Irrigation System (UPRIIS) of Central 

Luzon, Philippines. 
The three models of irrigation management 

intensity are applied in three major components of 

the UPRIIS (Fig. 8). The intensive model isapplied 

in the Lower Talavera River Irrigation System 

(LTRIS) with water measurement and control 

occurring at the turnout level to areas ranging from 

20 to 50 ha. The intermediate model is used in the 

Pampanga River Irrigation System (PRIS) with 



-- 

Table 5. Comparative gross mrgin l ir hectare In LCPIS, 
Camrrines Sur, Philippines, crop years 1979-80 and 1961-
82. 

Before After Difference 
LCPIS LCPIS 

Total value of output ($/ha) 284.7 374D 89.3 

Total variable cost ($/ha) 178A 229.6 51.2 

Gross margin (S/ha) 106.3 144A 38.1 


as 

Total value of output (S/ha) 282.0 474.7 192.7 

Total variable cost (S/ha) 167.8 2512 84.1 

Gross margin (S/ha) 1142 222.8 108.6 

Total gross margin per 220.5C 367.20 146.7 

crop year (S/ha) 


measurement and control done at the section level 

ha. The extensivefor areas averaging 500-600 

model is implemented in District I and comprises 

four subsystems. Two of the subsystems, the San 

Agustin Extension and the Talavera River Irriga
are run-of-the-rivertion System-upper portion, 

types served only by available river flows. The 

other two, the Talavera River Irrigation System 

and the Santo Domingo area-lower portion, are 

reservoir supported. In the extensive model, the 

measurement and control of water are focused at 

the head gates of laterals that serve from 300 to 

2,500 ha each. 
The major focus of the three treatments is on 

' 

equity in access to, and receipt of, water by farmers. 
All treatments attempt to deliver the amount of 
water the farmers need. This amount is calculated 

as the sum of estimated evapotranspiration (ET) 
plus seepage and percolation (S&P)and isreferred 

to as the target discharge requirement (TDR) for 

that area. The available water supply (AWS) is the 

sum of rainfall (R) and irrigation (I). Available 
water supply as a multiple of the target discharge is 
the relative water supply (RWS) expressed as: 

RWS = AWS/TDR 

The relative equity of water supply for head (h), 
middle (m), and tail (t) sections is simply the ratio 

of the relative water supplies RWSh:RWS,:RWS,. 

The water utilization efficiency (WUE) is the ratio 
to the wateror water requirementof water use 

supply as: 

WUE = TDR/ AWS X 100% 

are the additionalEfficiency and production 


focus of the system management.
 

Intensive model of management. Equity and 

efficiency. The intensive model of irrigation system 

management has been implemented since the 1977 

WS. In the sixth year of implementation, the DS 

equity of RWS experienced by the head, middle, 

and tail portions of the system were in the ratio 

1.85:1.22:1.02 (Table 6). The head had essentially 

~ -Pntobongan Reservoir 

Son Agustin Extension' C-------

Tolavera River Irrigation , 
System Upper / 

Lower Tolovera River Irrigation System-T River irrigation .ver-
Pampanga River Irrigation System

System Lower ( 

/ 

( Mt Aoa 

Manila Bay 

three models of irrigation system8. UPRIIS layout showing the areas under the 
management, Philippines, 1982. 
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and RWS for main canal, laterals A (head), E (middle), and G (tail). LTRIS, District 
Table 6. Weekly mean of WUE 

ll.UPRIIS-NIA, Talavera, Nueva Ecija, Philippines, 1982 DS and WS.
 

Lateral E (middle) LateralG (tail)
Lateral A (head)Irrigation ______- Main canal 

RWS WUE (%) RWSweek WUE (% RWS WUE (%) RWS WUE (%) 

DS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

100 
100 
88 
66 
81 
88 
86 
80 
76 
74 
72 
70 

100 
69 
71 
81 

100 
72 
59 
75 

0.48 
0.66 
1.14 
1.52 
1.23 
1.14 
1.16 
1.25 
1.32 
1.36 
1.39 
1.A2 
0.67 
1.44 
1A1 
1.23 
0.78 
1.39 
1.68 
1.34 

100 
100 
88 
75 
62 
61 
44 
44 
61 
44 

100 
36 
47 
54 
41 
65 
94 
39 
54 
22 

0.39 
0.81 
1.14 
1.34 
1.62 
1.65 
2.25 
2.30 
1.64 
2.27 
0.6 
2.75 
2.14 
1.85 
2A5 
1.55 
1.06 
2.56 
1.86 
4.58 

100 
100 
100 
85 
62 

100 
89 
77 
80 
76 
74 
73 
85 
68 
73 
67 

100 
97 
49 
61 

0.37 
0 z 
0-5 
1.17 
1.52 
0.96 
1.12 
1.29 
1.25 
1.31 
1.36 
1.37 
1.18 
1.46 
1.37 
1A9 
0.89 
1.03 
2.03 
1.65 

100 
100 
100 
100 
100 

81 
100 
100 
100 
75 
71 

100 
76 
55 
75 
90 

100 
60 

100 
70 

0.08 
0.06 
085 
0.91 
0.81 
1.24 
0.99 
0.81 
0.86 
1.34 
1.41 
1.00 
1.31 
1.83 
1.34 
1.11 
0.67 
1.67 
0.73 
1.A3 

Mean 80.4 1.20 61.55 1.85 
WS3 

80. 1.22 87.65 1.02 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

83 
68 
55 
55 
35 
48 
29 
96 
73 
98 

100 
55 
56 

1.20 
1A6 
1.83 
1.81 
2.85 
2.09 
3.40 
1.04 
1.37 
1.02 
0.87 
1.8 
1.79 

100 
100 
72 
72 

100 
34 
29 

100 
73 
78 

100 
77 
29 

0.74 
0.93 
1.39 
1.38 
0.60 
291 
3A2 
0.64 
1.36 
1.28 
0A1 
1.29 
3.A5 

59 
60 
59 
67 
76 
38 
28 

100 
31 
94 

100 
44 
-

1.69 
1.66 
1.9 
1A9 
1.31 
2.61 
3.61 
0.69 
3.27 
1.06 
0.96 
2.28 

-

74 
48 
38 
58 
59 
32 
23 

100 
37 
-

100 
76 
-

1.35 
2.7 
2.63 
1.72 
1.70 
3.15 
4.35 
0.75 
2.72 

-
0.50 
1.31 

14 
15 
16 
17 
18 
19 

100 
54 
29 
66 
80 
19 

0.71 
1.86 
3A0 
1.50 
1.24 
5.16 

-

59 
25 

100 
100 

17 

-.. 

1.70 
3.98 
0.35 
0.55 
5.96 

46 
27 

100 
100 

19 

2.15 
3.69 
0.93 
0.54 
5.37 

81 
27 
35 

100 
39 

1.23 
3.69 
2.39 
0.24 
2.57 

Mean 63.10 1.92 70.28 .79 61.64 2.05 57.94 2.05 

the system. The DS has virtually no rainfall to 
83% more water than the tail. The tail had just 

interfere with irrigation schedules. WUE for the
enough for the season as a whole with RWS just 

1982 DS was 80%, the highest observed in the
2%above thc requirements. The tail portion lacked 

water (RWS < 1.00) in 10 of 20 wk during the DS. 	 period of implementation. The previous high WU E 

values were 73% in 1979 and 75% in 1981 compared
This contributed substantially to yield loss caused 

with the preproject value of 51%observed by the 
by moisture stress' 

Figure 9 indicates the target discharge require- NIA operations staff. 
In the WS, the middle and tail sections had a 

ment for the year in the entire system and the three 
high RWS at 2.05. The high RWS frequencymonitored sections at the head, middle, and tail of 
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and WS. 

(>2.0) indicates that substantial portions of water 	 possible to save water. 
In the 1982 WS, the intensive managementcould be saved with careful rainfall monitoring and 

WUEs averaged 63%, comparable to 65% in 1981
rapid irrigation suspension. This was observed 

and 70% in 1979.especially in weeks I through 9 and 12 through 13 
Status offarming activities. The speed of rice

when significant irrigation releases were made 

while rainfall was high and generally greater in farming activities is determined by the NIA's 

total depth than the irrigation depth (Fig. 9). efficiency of water delivery and the farmers' rate of 

response in terms of farming activities. In the DS,
Weeks 9 and 10 are examples of properly applied 

50% of the area was soaked in 3 wk and 100% in
suspension with excessive rainfall and minimal 

7 wk (Table 7). The tail section serving laterals G,
irrigation. Irrigation releases in weeks 12 and 13 

H, and I of LTRIS was the most rapid, as observed 
were wasted because rainfall was essentially equal 

to the TDR. With the Pantabangan reservoir levels in previous years. Fifty percent of the land prepara
tion was achieved within 5 wk and 100% within

steadily declining with increased power demands 
for the Luizon Grid, WS irrigation deliveries from 	 10 wk. Fifty percent of the transplanting was 

achieved in 7.8 wk and 100% in 14 wk, indicating a 
storage must be reduced and local flows in the 

River tapped to the maximum extent high degree of asynchrony in the season (Fig. 10).
Talavera 
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LTRIS, District ..UPRIIS-NIA, Talaera. 
duration of the different farming activithn for the system,

Table 7. The 

Nueva Ecija, Philippines, 1962 DS and INS.
 

Farming activity 

Land soaking 
50% area soaked 


100% area soaked 


Plowing and harrowing 
50% area plowed and 

harrowed 
100% area plowed end 

harrowed 

Transplanting
50% area transplanted 

100% area transplanted 

Land soakingg 
50% area soaked 

100% area soaked 

Plowing and harrowing 
50% area plowed and 

harrowed 
100% area plowed end 

harrowed 

Transplanting 
50% area transplanted 

100% area transplanted 

Duration (wk)
 

System Lateral A (head) Lateral E (middle) Lateral G,H, I (tell)
 

3 
7 

5 

10 

7.8 
14 

2 

5 
11 

2 
7 

5 

9 

DS 

5 
7 

5.5 

8 

2.2 
6 

5.5 

9 

8 
14 

9 
14 

8 
13 

8 

1.5 

8 

2 2 

7 

4.5 
11 

5 
11 

6 
9 

of the area was soaked by using rainfall before the start of the water delivery.
'100% 

In the system as a whole, transplanting occurred 

over 11 wk, despite a rigid plan ofcropping activity 

developed by the provincial agricultural coordi-

nating council. This incongruency indicates that 

farmers' wishes, schedules, and practices are not 

reflected in NIA's program of work approved by 

the high-level coordinating council, 

In the 1982 WS, fortuitous rains accompanying 

early-season typhoons in Central Luzon allowed 

essentially all land soaking to be accomplished 

without irrigntion releases. Fifty percent and 100% 

of the land preparation were completed in 2 and 

8 wk, respectively. Fifty percent and 100% of the 

transplanting were completed within 5 and II wk 

(Table 7). The tail section was completely planted 

earliest, by 9 wk after the first water release at the 

end of August (Fig. 10). Planting of all other 

portions was delayed until mid-September. This 

delayed-planting behavior of farmers indicates the 

need to reexamine the arbitrary determination of 

irrigation release dates in the current management 
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practice. Substantial amounts of irrigation water 

could be saved in the reservoir for DS use if the WS 
and first waterreleases were closely managed 

releases were delayed to fit the farmers' cropping 

calendar. 
Rice yields. LTRIS yields averaged 4.0 t/ha in 

the DS and 3.5 t/ ha in the WS. The middle and tail 

lateral areas had significantly greater yields than 

the headend areas in the DS and WS. Tail lateral G 

area historically has had the highest DS yields. In 

the DS, significant water shortage occurred be

cause of the inequitable water distribution. Peak 

DS yield for the tail area was achieved in 1980 (5.1 

t/ha) and the WS peak in 1977 (4.7 t/ha). This is 

clearly a case of the trade-off between WUE and 

yield, such that 80% efficiency can not be con

sidered a viable target because of negative effects 

on yield. 
Intermediate model of management. The inter

mediate model has reduced intervention of research 

personnel assigned to communication, measure
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land prepared (LP). transplanted (T), terminally drained (iD),
10. Percentage ofaa land soaked (1,S), 
and harvested (1) for LIRIS main canal. laterals A (head), E(middle), and G, H, and I (tail), by weekly 

istrict Il-UPRIIS. NIA, Philippines 1982 DS and WS.intervals. LRIS. 

ment, control, monitoring, and evaluation. Meas-	 the middle and 10 wk at the head (Fig. 11). This 

water shortage was sufficient to reduce rice yields.
urement and control are done at the section 

was 64% for the PRIS system, 70%boundary, each section averaging 200 to 600 ha The WUE 
and representing the area serviced by an assistant for lateral (.-1, 60% for lateral C, and 87% for 

water management technician (AWMT). The lateral F. 
PRIS system has been monitored since the 

In the WS, the system, as a whole, experienced a 
1979 WS through the 1982 DS to provide 3 yr of 

RWS of 1.82. Water was concentrated in lateral C 
benchmark information (Annual report for 1981) 

Equity and efficiency. Water distribution equity at the middle portion of the system where the RWS 

for the 1982 DS is shown by the RWS ratios was2.08;water was in lowest supplyin laterasC, 

(Table 8). The PRIS system, as a whole, had a where the RWS was 1.35. In the WS, the RWS 
5 wk, indicating substantial 

RWS equal to 1.56, meaning that the system had 	 exceeded 2.0 in 
opportunities for water savings in the Pantabangan

56% excess above the crop ET plus land S&P water 
conreservoir with the implementation of water 

requirements. The tail portion (lateral F) had the 
of the traditional servation techniqiues.least water along the lines 

Statusoffarming activities. The duration of land
maldistribution. The RWS at the tail was less than 

1.0 in II of 23 wk in the DS compared with 0 wk at 	 soaking during the DS in the PRIS system was 
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mean WUE and RWS for PRIS, District II, UPRIIS, N' .ve Ecija, Philippines, 1982 OS. 
Table 8. Weekly 

Lateral C-1 (head)
PRIS systemIrrigation 

WUE (%) RWS WUE (% RWSweek 

18 100 0.7
1 56 

56 1.8 100 0.72 


3 63 1.6 100 0.7 


4 63 1.6 100 0.7 


5 63 1.6 100 0.7 

1A 100 0.7
6 71 


0.983 1.2 100
7 

67 1.5 100 0.98 

71 1.A 100 0.99 
 1.01.8 100
10 56 


0.91.8 100
11 56 

1A1.7 71
12 59 


67 1.559 1.713 

77 1.31.714 59 


1.51.5 67
15 63 

1.51.5 67
16 63 

1.51A 67
17 71 


63 1.618 83 12 

63 1.671 1.A19 

53 1.959 1.720 
 2.01.8 50
21 56 


2.12.0 48
22 50 

22
2.2 45
23 45 

1A.,1.56 70
Mean 64 


8 wk; it was shorLest in lateral C (6 wk). Land 

preparation was completed after 10 wk and trans-


planting after 17 wk. Transplanting was completed 


earliest, in only 13 wk, at tail lateral F. 


In the WS, land soaking was not necessary in 


lateral F at the tail, but required 5.5 wk for the 


system. Land preparation was completed after 


13.5 wk and transplanting only after l4 wk. Again, 


in the tail lateral F land preparation was completed 


earliest, in 10 wk; transplanting was completed in 


II wk. Because the area of the PRIS system ismore 


than five times larger than that of LTRIS, the 


asynchrony has become pronzunced and duration 


of specific farming activities has lengthened. 

The plotted farming DS activities (Fig. 12) were 

delayed because target discharges were greater 

than actual releases (Fig. 11) particularly in lateral 

C-1 in the first 8wk of the season and in lateral F in 

weeks 4 through 8. These instances correspond to 

the very flat transplanting curve tor lateral C-I and 

the horizontal portions of the land soaking, land 

prelaration, and transplanting curves in Figure 12. 

This late delivery of water represents the system 

responsibility for delayed farming activity. 
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Lateral F (tail)
Lateral C (middle) 

WUE (%) RWS WUE (%) RWS 

2.071 1.4 50 

1.867 1.5 56 

1.963 1.6 53 

0.763 1.6 100 

0.863 1.6 100 

0.871 1.4 100 

0.667 1.5 100 

0.963 1.6 100 

0.963 1.6 100 

0.863 1.6 100 

0.963 1.6 100 

0.850 2.0 100 

0.953 1.9 100 

0.956 1.8 100 

1.059 1.7 100 


63 1.6 91 1.1 
63 1.6 100 1.0 

83 1.263 1.6 
83 1.259 1.7 
83 1.256 1.8 
83 1.263 1.6 
77 1.350 2.0 
26 3.850 2.0 
87 1.1560 1.67 

Cropyields. In the 1982 DS, yields in the PRIS 

system averaged 4.1 t/ ha. They were highest at the 

head lateral C-I (4.6 t/ ha) and gradually declined 

at middle lateral C (4.0 t/ha) and tail lateral F 

(3.7 t/ha). The RWS inequity from head to tail is 

considered responsible for the yield decline as the 

distance from the source increased. In the WS, the 
was 3.9 t/ha. Yields inaverage crop-cut yield 

laterals C-I and F averaged 3.8 t/ ha; lateral C had 

the highest yield (4.2 t/ha). Seven weeks of water 

shortage probably caused the lower WS yields in 

lateral C-I's area (Fig. 11). 
Extensive model of management. Equity and 

efficiency. The extensive model was implemented 

in the 1982 WS after one season of benchmark 

information collection. 
In general, the water supplies to the different 

parts of the four subsystems in District I satisfied 

target demands during the 1982 DS and WS 

(Table 9). RWS ranged from 1.04 in the Santo 

Domingo area to 3.87 in TRIS upper area during 

the DS, and 1.18 in the San Agustin Extension and 

1.77 in the Santo Domingo area during the WS. 

These figures indicate that the DS water supplies 
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were 4% in excess of target field demands at the irrigated (Table 10). The higher water adequacy in 
can be attributed toDistrict I during the WS 

Santo Domingo area and 287% in excess at the 

TRIS upper area. During the following WS, water rainfall, which averaged about 50% of the total 

18% in excess at S.n Agustin seasonal water supplies. The findings support the 
supplies were 

farmers' experience of no significant water short-
Extension and 77% at Santo Domingo. A case in 

age to reduce their yields.
point is the higher water adequacy to meet the 

were more than 
target demands of the two run-of-the-river-type Although the water supplies 

to meet the target demands of theadequatesubsystems (San Agustin Extension and TRIS 
subsystems, their allocation and distribution can 

Upper) in the DS than in the WS. This can be 
be considered inequitable (Table 10, Fig. 13-15). 

largely explained by the conservative estimates of 
of the flows 

the program areas included in the DS irrigation. For the reservoir type in the DS, 11% 

at TRIS Lower went into headender farms, 26% 
With the same available flows and at the DS target 

WUE of 65%, 170 and 1,281 ha should have been into midenders, and 63% into tailenders. This 
of the totalcorresponded with 13, 32, and 55% 

adequately irrigated at San Agustin Extension and 
programmed area. Thirty-two percent of the total 

at TRIS Upper area. However, only 120 ha at San 
flows went into the first half of the service area of 

Agustin and 500 ha at TRIS Upper were actually 
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Santo Domingo Area, accounting for 48(/%_-the 
total program area. The remaining 68% vere con-

centrated at the second half of the service area. The 

same patterns of water allocation or distribution 

inequity were observed in the WS (Table 10, Fig. 

13-.5). Whether allocations were based on service 

areas or upon water requirements, the distribution 

of supplies was generally inequitable. T'is is 

particularly true in Santo Domingo Area 'here the 

DSand WS flows were practically dumped into the 

second half of the service area. To correct these 

inequities, monitoring and control of flow at the 

head, middle, and tail of each subsystem will start 

in the 1983 DS. 
Seasonal WUE was computed for each sub-

system and different locations within a certain 
wassubsystem (Table 9). During the DS, WUE 

highest at TRIS Lower area (95.2%) ard lowest 

at TRIS Upper area (25.4%); during the WS, it was 

highest at San Agustin Extension (71.5%) and 
lowest at Santo Domingo Area (37.7%). Because 

rainfall contributed 50% of the total seasonal water 

supplies, it was effectively used. WUE also varies 

among strategic locations within a particular sub

system. It was 100% at the head and middle 

portions and 78.6% a. the tail-end portions of the 

TRIS Lower area during the DS and 70.0, 47.9, 

and 56.6, respectively, during the WS. The lowest 

WS WU' (26.8%) was computed for the second 

half of Santo Domingo Area. 
Status offarming activities. Farming progress in 

sampled areas of District I showed remarkable 

uniformity except at the run-of-the-river TRIS 

Upper area, where crops other than rice confound 

the pattern of M cut yes (Fig. 16-18). The trend is 

for dowrstream areas to have delayed schedules, as 

indicated by the reduced slope of the curves, 

particularly the area under irrigation. 
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Table 9. Water adequacy situations, District I, NIA-UPRI IS, Nueva Ecija, Central Luzon, 1982 DS and WS 

DS 

Subsystem 

San Agustin Extension 
TRIS Upper 
TRIS Lower 

Upstream 
Middle 
Downstream 

Santo Domingo Area 
First half 
Second half 

Weeks 

14 
22 
25 
15 
22 
24 
21 
19 
22 

Actual relative 
water supply" 

2A9ba 
3.87aa 
1.37 cb 
3.57 ac 
0.93 cc 
1.22 bc 
1D4 da 
0.72 bd 
1.73 ac 

WS 

Weeks Actual relative 
water supply' 

20 1.18 ab 
19 1.64 ab 
20 1.59 ab 
21 1A2 ab 
19 1 34 ab 
21 1.76 ab 
17 1.77 eb 
21 1.60 bc 
22 3.90 ab 

among subsystems and locations within a particular sub
aThe statistical significance (p = 0.05) of difference in means 

system in a particular season is denoted by the first letter of the pairs (roman for within and italic for among subsys

tems) compared vertically; the statisticnl significance (p = 0.05) of difference in, "eans of any particular subsystem o!' 

location within a subsy;tom between seasons is denoted bv "e second letter of the pair compared horizontally. 

1.4- XProduction.Only 75 farms (located on a 

1.4-km grid) were sampled for estimating produc-

tion in the DS because a majority of the sample 

farmers in the two run-of-the-river subsystems had 

no dry crop. Samples increased to 113 in the WS. 

The overall average production was 5.1 t/ ha in the 

DS and 4.4 t/ha in the WS in District I (Table 11). 

For both seasons, the mean production did not 

differ significantly by location within any of the 

subsystems, even among subsystems. Except in one 

case (upstream section, TRIS Lower), yields did not 

differ substantially between seasons. The tentative 
is not a productionconclusion is that water 

constraint in District I because irrigation supplies 

were plentiful in reservoir-type subsystems and 

conservative diver°-in -type subsystems in the DS. 

METHODOLOGIES OF WATER MANAGEMENTtinmneac. 

RESEARCHtion 
IriganWThe 
Irrigation Water Management Department 

Work on development of standard methodologies 

for irrigation water management research con-


Field research methods of the Irrigation
tinued. 

were
System Management Research Committee 

collected and published in English and Tagalog for 

field-level personnel. At IRRI, water management 

technicians (WMTs) and assistant water manage-

ment technicians (AWMTs) were trained to use 

these data-collection methods. The WMTs and 

AWMTs then trained the ditchtender field per-

sonnel. 

Data gathering and processing refinements were 

made in: field prediction of rice crop evapotrans

piration, determination of spatial variability of 

rainfall, variability of DS seepage and percolation, 

and stress-day indexing with artesian ground water 

supply. 
Evapotranspiration prediction. Extended debate 

has occurred on predicting rice crop ET. The 

instrumentation and calculation procedures must 

be simple and easily applied. A simple agromeieor

ological installation, including a class A evapora

tion pan and a standard nonrecording rain gauge, 
is commonly used in modem irrigation systems as a 

predictor of evaporative demand. However, the 

device is frequently installed in a grassed, dryland 

site away from the wetland microenvironment that 

has an evaporative demand 10 to 25% lower than 

the dryland. Another common problem is installa

mintenance. 
commonly used prediction of rice crop ET 

from Class A pan evaporation (EJn) in the Philip

pines in wetland conditions is based on the four 

equations of Kampen from work conducted at 

UPLB in 1970. These four equations as obtained 

ur-der controlled research plot conditions are: 

1968 WS 
0.84 Epan + 0.35 (R2 

= .88)Vegetative stage ET = 
(R2Reproductive stage ET= 0.91 Epan+ 0.17 = .81) 

1969 DS 
(R2 = 

Vegetative :tage ET= 0.87 Epan+ 0.52 .77) 
ET = 0.94 Epan + 0.46 (R2 = .83)Reproductive stage 
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Although the equations are simple and radily 
applied to available Class A Epan data, ,tserious 

environmentalconcern exists for the wetland 
difference from the dryland installation and the 

difference of this data as applied in the Kampen
equations. 

Three class A pans were elevated within rice 

fields in broad irrigated areas of Central Luzon 
with the upper edge approximating the maximum 

of the crop canopy. A calibration was 
conducted for an entire DS and the elevated, raw 
class A Epan were compared with the ET using the 

Ep,° applied in the respective equations. 

Mean daily ET values by the Kampen equations 
virtually identical to mean daily Epa, observa

tions (Table 12). Statistically, the values are not 

significantly different. Comparison of daily dif

a difference offerences provides maximum 
0.7 mm, an amount that is totally beyond the 
concern of a system manager. The conclusion was 
that for DS conditions in broad irrigated rice

growing areas, unmodified Class A Epan data are 
equivalent to values based on the 

currently used Kampen transformations. 
Spatial variability of rainfall. For irrigation 

planning and management, rainfall must be con

sidered in scheduling reservoir releases, particularly 

when water savings in a WS can be retained and 
used in the DS. The spatial variability of rainfall is 

reflected directly by the intensity of data collection 
monitoring. Calibration studies were con

ducted between low-cost plastic rain gauges (PRG) 

($4 each) and standard nonrecording rain gauges 
($50 each). The calibration, based on 283 

pairs of nonzero rainfall events, was 

STDO= .92 PRG +0.40 ( 2 .9 

The high accountability for variation suggests 

that the substitution of low-cost rain gauges may 

be a good investment. The question of spatial 

variability was addressed at a site in the irrigated 
area of District IV of UPRIIS. Sample correlation 
statistics between a reference rain gauge and 10 

other plastic rain gauges in the area were computed 

for separation distances ranging from 550 to 
3,300 in. The coefficient of determination for the 
respective regressions was plotted against the 

respeciTve distances of separation between the 

gauges (Fig. 19). 
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13. Water supply (rainfall + irrigation) and requirements (ET+ SIP) by weekly intervals at TRIS 

Upper and San Agustin Extension, District I, NIA, Philippines, 1982 DS and WS. 
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This linear relationship between R2and distance 

has a coefficient of variation of0.80. Interpretation 
of this relationship indicates that for each 0.5 km of 

separation, a corresponding loss of approximately 
10% in coefficient ofdetermination isthe trade-off. 

This rainfall variability with distance cor-

responds to complaints by farmers that irrigation 

suspension schedules do not always treat them 

fairly. Their area can be dry and without rain while 

another area represented by the rain gauge has had 

rain and temporarily needs no water. Considering 
onthat current irrigation management is based 

rainfall measurement at the division level with one 

hydromet station for each 2,500 ha, a rainfall data-

gathering must be reexamined. Assuming a regular 

square geometric spacing, tl-. distances between 

the division-level rain gauges in UPRIIS average 

approximately 5 km. With this spacing, the farthest 
be 2.5 km from the nearestset of fields would 

hydromet station if it were halfway between two 

stations. For this spacing, the rain gauge at the 

center of a division would have a coefficient of 

determination of only 0.6 (Fig. 19), which would 

only explain 50% of variability for the most remote 

field in the site. This analysis confirms the inap-

propriateness of suspension schedules for some 

farmers in the irrigation system. The hydromet 

station network at the division level only exists and 

operates on paper. Observation of field onerations 

in UPRIIS would indicate that perhaps only half of 

the stations are serviced and have data gathered 

and utilized regularly to guide the actions of the 

Water Control and Coordinating Center. 
Dry-season variability of seepage and percola

tion. The irrigation of wetland rice must counter

balance ET and S&P. While ET is uniform and 

reasonably predictable across wide areas, S&P is 

highly variable and often determined by site

specific characteristics. Detailed DS records of 

S&P were observed in the lowest topographic posi

tion of UPRIIS, District IV,at the tail of lateral C of 

the Peiaranda River Irrigation System (PefiRIS). 
was studied in detail in the mid-1970s,This site 

when it was still a run-of-the-river type system. In 

1976, it was integrated with the more reliable water 

supply of the Pantabangan reservoir. With this 

change and more reliable water supply, the average 

DS stress days dropped from 31/crop to 7/crop, 

with a corresponding rise in the water table. 
a prepon-S&P observations in 1980 indicated 

derance of negative values not previously en
ancountered ('',le 13). Negative S&P implies 
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14. Water supply (irrigation 4- rainfall) and requirements (ET + S&P) at different sections of 

rRIS Lower. District I. NIA. Philippines. 1982 DS and WS. 

upward flow of water from subsoil influenced by 

artesian pressures. 
The values are tabulated at the 95% confidence 

interval. ',n all cases, the interval was not suffi-

ciently wide to change the sign from negative to 

positive. This shows the importance of evaluating 

irrigation requirements 	 site by site within an 
are also environmentalirrigation system. There 

consequences of introducing irrigation in the humid 

tropics. Irrigation can be a hazard if the standard 

rate of 1.5 litersis per 	 hectare amounting to 

13 mm/d continues to be applied when only half of 

that rate would supply 6.5 mm/d, which still 

exceeds the evaporative demand of 5.0 d.mm 
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TERTIARY IRRIGATION MANAGEMENT 

IrrigationWater Management Department 

In 1982 a major comparative study was completed 
under threeon tertiary-level irrigation 	 practices 

Miguel, Bulacan, andwater-supply types in San 

Gapan, Nueva Ecija, Philippines. The three 

systems included a communal pump system, a 

communal gravity system, and a national reservoir

backed irrigation system, all located within a 

10-km radius of San Miguel. A sample of 101 

farmers were periodically interviewed and sample 

fields from each type were monitored for input use, 

water status, and occurrence of moisture stress 

(Table 14). 
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15. 
Domingo Area main canal, District I, NIA, Philippines, 1982 DS and WS. 
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Input use. In general, N fertilizer use in the DS 

was double that in the WS (Table 14). Pump 

system farmers at the higher elevations with lighter 

textured soil used considerably more P and K 

fertilizer than farmers in the other two systems. In 

general, these farmers did not borrow as frequently 

or as much for agricultural input purchases as the 

farmers of the other two systems. Most of the 

were from family sources.pump farmers' loans 
Farmers in the two gravity systems tended to use 

government program credit sources at rates of $400 

to $490/ha (Table 14). It appears that pump 

has caused the farmers in the com-breakdown 
munal pump system to be more cautious. 

Water supply. The pump system was located on 

the large Angat River so water supply was never a 

problem. The pumping cost limited the amount of 

waterused. The farmers could choose the timing of 

their cropping calendar. 
The communal gravity system had the most 

water cameprecarious water supply because 

directly from the smaller San Miguel River that 

low base flow in the DS. Farmnormally has a 
operation timing was very important ifthere was to 

DS crop, as shown in the earlybe a second or 
planting and harvest of the WS crop and the very 

short turnaround time between crops (Fig. 20) and 

in the use of direct seeding by 86% of the farmers 

for the DS (Table 14). 
The farmers in the reservoir-backed system 

planted their crop the latest; some even had 

schedules similar to those of the nearby rainfed 
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16, Land soaking (LS), land preparation (LP), area under irrigation (AU I),terminally drained (T) and 

harvested (H)at different sections of TRIS upper, District 1,NIA, Philippines, 1982 DS and WS. 

than the reservoir system. ET demand was relatively
farms, particularly turnout units C9b-6 and C9b-9 

(Fig. 20). The delays in the national system reflect uniform, as expected. Also there. were fewer fluc

the operating procedure that generally services the tuations in S&P rates - 2.46 mm/d at the pump 
site and 2.89 mm/dat the gravity site. The national 

upstream areas first. The six turnout units of the 
reservoir site was located at atopographic low and

study were near the tail of the UPRIIS system and 
at the tail-end of the irrigated Central Luzon basin, 

more than 70 km from the reservoir. 
The highest average daily irrigation rate was in so it had aconsistently negative S&P rate, indicat

ing artesian pressures and a lower demand for
the communal gravity system (6.66 mm/d), the 

water from the irrigation system. The weighted
next highest was in the reservoir system 

mean RWS was 0.64 for the pump site, 1.22 for the
(6.13 mm/d). The communal gravity system had a 

communal gravity site, and 1.79 for the reservoir 
greater rainfall utilization opportunity (2.03 mm/d) 

site. The low value at the pump site reflects the(0.34 mm/d) and reservoirthan the pump 
(0.29 mm/d) systems, giving it a 44% greater farmers' reluctance to pump at their own expense. 

more If the S&P at the reservoir site had been positive
available supply than the pump and 26% 
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Land soaking (LS), land preparation (1.1)), area under irrigation (AUI). terminally
17. District 1, NIA. 
drained (T), and harvested at different 

Philippines, 1982 DS and WS. 

and of the same magnitude as that at the other two 
RWS of only

sites, tail-end site would have had a 

0.83. The artesian flow down the system saves this 
severe moisturefrom encounteringtail-end site 

stress. 
Farming response to water supply. About 80% 

farmers reported dependency onof the pump 
irrigation for land preparation. Only 13% reported 

waiting for rains before beginning land prepara-

tion. About 52% of the farmers in the communal 

gravity system reported total dependence on irriga-

tion; 47% reported waiting for rain. In the tail-end 

gravity system, 25% ofportion of the reservoir 
on irriga-respondents reported total dependence 

tion; 45% reported waiting for rain to begin land 

preparation. Hence, there was a general decreasing 
the supplydependence on irrigation as water 

arrived later. 
of the pump farmers, 52% of theTwo-thirds 

sections of IRIS Lower, 

communal gravity farmers, and 44% of the taiL -nd 

reservoir farmers reported the initial water arrived 

on time. Only 3% of the 98 respondents reported 

that the water arrived early; 41% reported that it 

came late; 7% said they had no knowledge of the 

sche'ule. 
Land-preparation period for pump farmers pay

was only 12 d compareding for all water used 

with 23 d for communal gravity system farmers 

and 27 d for the reservoir system farmers. The 

average seedling age was 33, 26, and 24 d for the 

reservoir systempump, communal gravity, and 

respondents respectively. The communal gravity 

farmers used varieties requiring a shorter irrigation 

period (87 d) than those used by the pump farmers 

(97 d). This corresponds to a planned strategy to 

avoid moisture stress for the less-assured run-of

the-river water supply. 
Farming operation timing also plays an impor-
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Table 11. Mean crop-cut yield samples, District I, NIA-UPRIIS, Nueva Ecija, Central Luzon, 1982 DS and WS.8 

WSDSA 

Subsystem 
Samples (no.) Yieldb (t/ha) Samples (no.) Yieldb (t/ha) 

- 4 5.0ASan Agustin Extension 
- 15 4.2 ATRIS Upper _ 
- 5 32 aFirst half _ 
- 10 4.4 a-
Second half 

4A AB
36 5.3 AB 42TRIS Lower 
11 4.2 ab7 5.6 aaUpstream 
9 4.0 ab10 4.3 abMiddle 

22 4.7 ab19 5.5 aaDownstream 
52 4.5 AB39 4.9 ABSanto Domingo Area 
33 4.6 ab23 5.1 abUpstream 

4.0 ab7 4.2 ab 14Middle 
5.0 ab9 4.7 ab 5Downstream 

aA dash (-) means that no rice crop was planted. bThe statistical significance (p = 0.05) of difference in means among 

subsystems and locations within a particular subsystem in a particular season is denoted by the first letter of the pair 

(lower case for locations within subsystems and capital for among subsystems) compared vertically while the statistical 
= 


significance (P 0.05) of difference in means of any particular subsystem or location within a subsystem between sea

sons is denoted by the second letter of the pair compared horizontally. 
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Table 12. Comparison of Class A (elevated) Epan with Kanpen equation ET predictions. Central Luzon, Philippines, 
1979-80 OS. 

Site No. Mean Standard deviation 

Talaksan 78 
Epan 4.81 1.43 
Kampen ET 4.81 126 
Difference -0.003 0.225 

Salapungan 80
 
Epan 4.55 1.34 

Kampen ET 4.57 1.18 

Difference 0.019 0.209 


Gapan 87
 
Epan 4.96 1.26 

Kampen ET 4.94 1.17 

Difference -0.011 0.176 
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19, Rain gauge separation distance (GSD) vs coefficient of 
determination (RSQI. UPRIIS. 1982. 

tant role in providing opportunities for rainfall to 
bez effectively used in cropping. Because of its early 
schedule, the communal gravity system had 
211 mm through 30 rainy days in the DS (av 

7 mm/d or 2.1 mm/d of land preparation and 
normal cropping up to terminal drainage). The 

communal pump system had 131 mm of rain in 

19 d (also av 7 mm/d and 1.4 mm/d from land 

preparation through terminal drainage). During 

normal cropping, the amount was only 0.4 mm/d 

for the pump system and 0.3 mm/d for the 
reservoir system. 

Minimum Maximum T-statistic Pr>/t/ 

0.8 9A 
1.2 8.7 

-0.7 OA -0.14 0.89 

0.4 8.4 
0.9 8A 

-0.5 0.5 0.83 0.41 

0.0 8.6 
0.5 8.0 

-0.6 0.5 -0.58 0.56 

Table 13. Average S&P rates. Central Luzon, Philippines, 
1979-80 DS. 

-S&P and 95% 
Site No. confidence Minimum Maximum 

interval 

-1.5 8.4 
Salapungan

Pasong Hari 11 -0.8 ± 0.8 -3.0 1.4 
Mabato 8 5.7 ± 0.6 4.1 7.3 

PeflRIS 

Talaksan 17 2.9 ± 1.4 

8 -2.0 ± 1.1 -3.0 -1.5 
C9b-9 13 -3.7 ± 0.5 -5.1 -2.8 
C9c-1 14 2.4 ± 0.5 09 4.0 

C9d-3 10 -1.6 

C9b-6a 

± 0.4 -2.5 -0.7 
C9d-5 12 -1.3 ± 0.1 -1.7 -0.9 

C9d-7 9 -2.6 ± OA - .38 -1.7 

aRotational area designation by the NIA. 

About 85% of the pump farmers reported total 
dependence on irrigation delivery for initial land 
preparation; 7% reported delayed land preparation 
because of no water. About 76% of the communal 
gravity farmers reported dependence on irrigation 

delivery for the start of land preparation; 24'
reported delays. About 92% of the reservoir 
farmers reported dependence on irrigation; 35% 

reported delays. 
DS land preparation took 12 d for the pump and 

communal gravity systems and 19 d for the 

national reservoir system. About 86% of the 

communal system farmers, who had the least 

reliable water supply, direct seeded. They had the 

shortest cropping duration of 100 d. saving 21 d 

from the average duration of the transplanted 
crop. Only 42% of the reservoir farmers direct 
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and Gapan, Nueva Ec.ls, Philip-
Tle 14. Characteristics of the tertiary units at San Miguel, and San Rafael, Bulawan 

pines, 1979 WS and DS. 

Type of system 
Turnout 

units 
(no.) 

Sample 
farmers 

(no.) 

% DS 

direct seeding 
(%) 

N fer tilzeP seBorrow 
tilizer PK use 

usa (kg/ha) (kg/ha) 
(kg/ha) 

DS WS DS WS 

agr. 

credit N 

Av,
loan 

Communal pump 
Communal gravity 
National reservoir 

1 
2 
6 

14 
22 
65 

0 
86 
42 

75 
99 
102 

37 
50 
60 

41 
5 

29 

26 
5 

21 

26 
1 
7 

18 
2 
6 

36 
68 
83 

1568 
490 
400C 

Overall 101 48% 100 55 

8 1 0 0% from private sources. bMixed sources. c64% from institutional sources. 

seeded. Their cropping duration was 107 d. The 
turnaround time (duration from WS threshing to 

beginning of DS land preparation) was 30 d in the 
reservoir system, 21 d in the pump system, and 7 d 
in the communal gravity system. Direct seeding 
and the short turnaround time in the run-of-the-
river communal gravity system indicate that the 

farmers recognize seasonal water fluctuation as a 

major constraint. 

COMMUNAL IRRIGATION MANAGEMENT 

Irrigation Water Management Department 

Communal gravity irrigation is important to the 

Philippines in many ways. Mcre than 5,600 systems 

throughout the country irrigated more than 

580,000 ha (nearly 45% of the total irrigated area in 

Talolsan _Ju
Rainfed 

adTalksn Comualpmn _,I!11• 

pasong iCommunal gravity 
al d MabatoTail 9_ Mooi .- -
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the country compared with the 38% irrigated by 
national systems). Local farmers initiate the 
communal gravity irrigation systems without 
government stimulus. Irrigator groups construct, 
operate, and repair the systems. Later when more 
permanent structures are needed and certain types 
of maintenance are conducted, an irrigator associa
tion seeks the assistance of government agencies. 
Since 1974, government assistance to communals 

have required the irrigator associations to amortize 

the material costs in equal annual payments at no 

interest for up to 50 yr. This has caused gieat 
concern for making the assistance effective. 

Of the more than 5,600 systems listed in 

provincial irrigation records, approximately 1,250 

received some government assistance between 1965 

and 1978. In 1980, a study was initiated with the 

Talaksan 
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NIA to determine the status and condition of the 

government-assisted communals. 
Specifically, the study was to 
* determine the irrigated area as rele-d to the 

original design, 
* determine the condition of the structures for 

both water diversion and conveyance, 
of system management" determine the state 

used by the irrigator associations for operation 

and maintenance of the system, and 

" provide feedback and improvements to the 

conceptualization, design, construction, and 

operation through NIA assistance procedures. 
provide assistance toThe interest is clearly to 

irrigator associations that will be responsive to 

farmer needs, enhance the viability of the associa-
con-tions, and encourage the repayment of the 


struction loan. 

The major diagnostic analysis was concluded in 


with NIA's Communal
1982 in collaboration 
Irrigation Committee. A sample of 100 systems 

representing 8%of the total that had received NIA 

technical assistance from 1965 to 1978 was chosen. 

Particular reference was made to the development 

period, the system size, and the local climate based 

on the Corona Climatic Classification of the 

Philippines. The development periods were classi-

the early period (1965-1969, immediatelyfled as 
after NIA's creation when only 6% of the com

munals were assisted), the middle period (1970-

1974 when the assisted communals gradually 

increased to 25%), and the latest period (1975-1978 

when assisted communals were 69% of the total). 
chosen centeredFour size categories were 

around the mean communal system size at 100 ha: 

less than 50 ha (26% of the total of 1,253 assisted 
of the total), 100 tocommunals), 50-99 ha (21% 

299 ha (34% of the total), and greater taan 300 ha 

of the total). The system size determines the(18% 

structure complexity and the farmer management 


necessary to run the system. 

The climatic types from most favorable to least 

favorable to rice production are Corona's type IV 

(rainfall more or less evenly distributed throughout 

the year), type II (no pronounced DS, but with a 

pronounced rainfall from November to January), 

type III (DS from November to April and wet the 

rest of the year), and type I (pronounced DS from 
represents theNovember to April). This series 

order in which increasing stress is placed on the 
less rain isirrigation system to provide water as 

available for year round cropping. 
Area, production, and inputs. The survey results 

indicate that, of the designed service area for rice 

irrigation, only 74% isserved in the WS and 48% in 

the DS. The data are summarized in Table 15. 

Organizational characteristics. Data on the 

organizational characteristics of NIA-assisted 

communal irrigation systems are summarized in 

Table 16. 
Operationand maintenance. Data on the opera

tion and maintenance of NIA-assisted systems are 

summarized in Table 17. 
Rating of structures, existence of channels, and 

farmer satisfaction. An objective rating system was 

developed for each structural component of the 

systems with 100 points as the maximum score. 

The data are summarized in Table 18. The NIA 

plans to respond to the initial findings by devel

oping improved methods of predicting design 

service areas. Assistance in operation and main

tenance will include system management planning, 

financial management, and farm water manage

ment training. 

PROJECTCOLLABORATIVE 
Irrigation Water Management Department 

An applied research project for increasing irriga

tion effectiveness and crop production started in 

1981 in collaboration with the Bangladesh Water 

Development Board and the Bangladesh Rice 

Research Institute. The research is conducted in 

two major irrigation systems - the North Bang

ladesh Tubewell Irrigation System, which has a 

cluster of 378 electrically driven deep tubewells, 
each with a discharge capacity between 60 and 

120 liters/s, and the Ganges-Kobadak Irrigation 

System (Phase 1), in which water islifted from the 

Ganges River to irrigate, using gravity canal, more 

than 40,000 ha. 
Water management profile of North Bangladesh 

Tubewell Irrigation System. In 1982 DS, a sample 

of 10 tubewells representing the cluster was studied 
resource available to theto establish the water 


tubewells, the level of present and potential use,
 

and to determine the major problems facing the
 

farmers in increasing their crop production.
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Table 15. Yield, service area, and input use in NIA-assisted communal irrigation systems, Philippines, 1980-1982 INS and DS. 

Corona climatic classification 
__System size categories (ha) Period of N IA assistance 

X IV II III I 

Mean (uniformly (no DS (less pro- (pronounced <50 50099 100-299 >300 1965-69 1970-74 1975-78 
>
Z distributed pronounced nounced WS and DS, 
z rainfall) rain in maximum long DSa 

> cool season) rainfall,
 
r- short DS)
 
M 

3A 2.9 2.8 2.7 3.1 2.9 3.6 3.2 3.5 3.0
O WS yield (tha) 3.2 311 
X DS yield (tha) 3.1 3.3 3.4 2.8 2.9 - - - - 

1.7 1.7 1.6 1.8 1.6 1.6 1.7 
Cropping intensity 1.7 1.8 1.7 1.6 1.6 

0 Decrease actual 36 27 40 39 40 14 49 48 27 32 37 37 

WS area (%) 
€r Decrease actual 52 41 54 50 56 30 63 65 43 57 61 47 

DS area (%) 
78 79 88 84 88 92 74 90WS MV use (%) 86 96 97 77 

94 78 93 96 99 82 94DS MV use (%) 92 94 90 83 97 
108 120 120 100 125 119

Masagana loan S/ha 153 108 156 113 105 00 

Table 16. Organizational characteristics of NIA-assisted communal irrigation systems, Philippines, 1980-1982WS and DS. 

Corona climatic 
classification System size categories Period of NIA assistance 

MeanOrganizational 
characteristic IV 1I 111 1 <50 ha 50-99 ha 100-299 ha >300 ha 1965-69 1970-74 1975-78 

83 96 90 95 93 85 93Systems with an 91 96 83 95 88 

irrigation association (%)
 

50 73 48 69Systems in which 64 61 56 70 68 52 81 68 
all irrigators are 
association members (%) 

Irrigatot's association 66 64 61 65 71 57 69 65 75 60 52 74 

with membership 
fee (%) 

9 9 4 10 15 7 11 9Associations that 9 18 0 5 

compensate their
 
leaders (%)
 

48 40 40 30 4157 39 35 24 35 27 

charge irrigation
 
service fee (%)
 

Associations that 38 

23 48 15 40 11 38Associations charging 31 46 39 30 15 30 
>50 kg/ha service fee (%) 

Associations charging 7 11 0 5 9 5 4 0 25 0 19 3 

<50 kg/ha service fee (%) 



Table 17. Operation and maintenance of NIA-assisted communal irrigation systems, Philippines, 1980-1982 WS and DS. 

Corona climatic 
Period of NIA assistanceSystem size categoryclassification 


maintenance Mean
 
Operation and 

iv II Ill I <50 ha 50-99 ha 100-299 ha >300 ha 1965-69 1970-74 1975-78 
characteristic 

44 50 
Systems with distinct 48 71 22 40 47 43 42 55 50 47 

water distribution 
personnel (%) 26 196 10 24 13 12 16 40 7

Associations that 19 29 

compencate water dis
tribution personnel (%)
 27 67 66 

Systems practicing field 60 64 72 55 53 83 54 48 60 


to fipld flow (%)
 30 31 
Syster-' .vith restrictions 31 39 11 20 44 22 31 35 40 40 

on taking water with
out authorization (%) 

16 25 13 15 19 
Systems with distinct 17 25 22 10 12 17 12 


maintenance personnel (%)
 
4 23 10 7 15 9 

Associations that com- 10 18 11 5 6 0 

pensate farmers to do
 
maintenance (%)
 

90 100 96 91
89 83 100 100 100 96 90

Associations whose 94 

members do repair
 
and maintenance (%)
 

96 96 99 89 100 99 96 89 99 95 92 
Farmers who assist 94 


in maintenance (%)
 

Table 18. Rating of structures, existnce of secondary and tertiary channel network, andfarmer satisfaction in NIA-assisted communal irrigation sys-
C)
> tems, 1980-1982 WS and DS. 
0 

ZCorona climatic 
Period of NIA assistanceSystem size category 

Mean 
classification 

IV II IIl I <50 ha 50-99 ha 100-299 ha >300 ha 1965-69 1970-74 1975-78 

73
33 77 64 62 66 65 81 70 62 77 

Overall rating of 72 

Z diversion structurea 
> (n = 51 systems)
088 75 79 93 84 74 80 88 
m Overall rating of head- 84 83 90 78 86 
K" gate structureA
rni (n = 76 systems) 70 77 

69 63 64 67 80 80 66 66 67 77 
Overall rating of main 


canala (n = 99 systems)
 20 30 2423 16 50
Systems with at least 25 29 11 15 35 17 

Continued on next page 
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Dry seasoncrop water requirement.In the rice

based cropping system, wheat i- the most popular 
DS crop following the aman season rice because it 

suited very well to the sandy loam soil and cool 
temperature. Because rainfall isvery low, yields 

are low if tne wheat is not irrigated. The optimum 

irrigation schedule and water requirement for 

irrigated wheat were established in a study con
in randomized complete block design with 

six irrigation treatments, each with three replica

tions, in 4- X 5-m field plots. The first irrigation 

was applied 20 DAS and subsequent ones at 15-d 
intervals. Each irrigation was applied only to 
saturate the soil. The wheat seed (variety Sonalika) 
was sown on 25 December 1981 and harvested on 
13 April 1982. Only 8 mm of rain fell during the 

crop srson. 
Four irrigations requiring about 240 mm of 

water produced the highest yield (2.76 t/ha) (Fig. 

21). Three irrigations 	 produced a significantly 

lower (p = .05) yield than four irrigations. Yields of 

five irrigations averaged 0.3 t/ha less than those of 
water. Allfour irrigations because of too much 

treatments received the same fertilizer dose of 80

60-40 kg (N,P,K)/ ha. 
onModeling the productivity of wheat. Data 

input use, water status, yield, and other agronomic 
practices were collected 	in the 1982 DS from 158 

wheat farmers in the service area of four 

wbewells and 58 rainfed farmers within the com
ma.id area of five tubewells. Crop-cut samples 
were used to obtain yield data for irrigated farms; 

farmers reported yields for the rainfed farms. 

Farmer interviews were used to collect all other 
data at the end of the season. 

Woter applied (mm)Yield index 
250[ 	 1300 

250
200 

1 50 

1 0 

r 
T5 TO TI T2 T3 T4 T5 

ToT T 2 T3 T4 T 

21. 	 Irrigation water application treatments. corresponding 
of water applied. The subscriptrelative yields, and amounts 

denotes the number of irrigations. North Bangladesh Tubewell 

Irrigation System. Bangladesh. 1982. 



In the irrigated areas, the wheat yields averaged 
1.64 t/ha. Fdrmers applied an dverage fertilizer 

dose of 50-45-31 kg (N,P,K)/ ha and 1.5 torganic 
manure (OM)/ha. In rainfed farms, the average 

yield was only 0.76 t/ha and the fertilizers used 

were 27-37-22 kg (N,P,K)/ha and 1.9 tOM/ha. 
Production function relationships were devel-

oped for both irrigated and rainfed conditions 
using the multiple linear regression method. For 

the irrigated condition, the following variables 

were used in the regression: N, P, K, OM, I (no. of 

irrigation), DS (delay in sowing in days counti'g 
from 15 Nov), PC (% clay), N2, NxP, NxK, 

NxOM, PxK, PxOM, and KxOM. For the rainfed 
N, P, K,condition, the variables included were: 

N2, NxP, NxK, NxOM, PxK, PxOM,OM, 

KxOM, and PC. Following are the production 

functions of the significant variables with respect to 


the yield (Y)in tons per hectare; 

Forirrigatedfarms: 
Y = -0.7795 + 0.0144 N** + 0.0200 P** -0.000 26  

NP** -0.0080 DS** + 0.3111I** + 0.05136 

PC** 
= 


(R2 - 0.699 n = 158 F 57.21**) 
Forrainfedfarins: 
Y = 0.3363 + 0.00737 N* + 0.01007 K** + 

0.0649 OM** + 0.0000851 NP* 
(R2 = 0.814 n = 58 F= 45.58**) 

In the foregoing equations, units for all inputs 
are in kilogram per hectare, except OM, which isin 

ton per hectare. 
The irrigated crop production function shows 

Table 19. Area actually irrigated and potentially irrigable 

System,Bangladesh, 1981 and 1982 DS. 

Measured 

that the number of irrigations (I) is an important 
positive contributor to the yield. I vz.ried from one 

to three and each irrigation, on the average, 
contributed 311 kg wheat/ ha. For every kilogram 
of N used, about 14 kg of wheat was produced on 

the irrigated farms. On the rainfed farms, the 

contribution of N to yield was half of its contribu

tion on the irrigated farms. For irrigated farms, 

each day of delay in sowing after the cutoff date of 

15 November reduced the yield by 8.0 kg/ha. 
Tubev,'ell discharge capacity and conveyance 

!osses. The discharge capacities measu.!d in the 

1982 DS ranged between 34 and 104 liters/ sfor the 
liters/s10 tubewells with an average of 72.5 

(Table 19). There was, on the average, a 12% loss 

of discharge capacity in the tubewells compared 
with the recorded discharge capacity when they 

were constructed 15-17 yr ago. The greatest dis

charge loss (21%) occurred in tubewell no. 141, 

which also had a sand-pumping problem in the 

1982 DS; tubewell no. 49 had the smallest loss 

(1.2%). 
The water loss due to S&P from the wetted areas 

in the conveyance network was measured by the 

ponding method in the brick-lined main canals and 

selected earthen field channels in each of the 10 

tubewells. Because the soil is light-textured, sandy 

loam for most areas, a relatively high conveyance 
loss would be expected in the main canals if the 

linings are ineffective, especially because the canal 
beds are at a higher elevation than the surrounding 

fields. 

area for 10 sample tubewells. North Bangladesh Tubewel; 

Potential irrigable area (ha)
Tubewell discharge Area irrigated (ha) 

with daily pumping for 
no. capacity 


(liter/s) 1981 DS 1982 DS
 
8h 12h 16h4h 

84 11228 56
47 104A 31.6 19.3 

4812 24 36
49 44.4 11.3 4.9 

19 38 57 76 
51 59.7 2.8 1. 

69 923.9 23 46
90 76.4 12.1 

9 18 27 36
4.0
34.5 17A 
75 10091 

12.3 25 50
116 85.7 25.9 

48 645.2 16 32
117 62,3 10.5 

10050 75
7.6 25

130 87.7 21.9 


72
36 54
3A 18

141 93.9 4.0 


84
42 63
12.2 21

347 75.5 12.7 


7.4 19.6 39.2 58.8 78.4
 
Av 72.5 15.0 
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The lined main canals had an average con-

veyance loss of 68 liters/ h p -r m2 of wetted area. 

Tubewell no. 141 had the highest rate of loss, 135 

, which is a 3.5 times greater rateliters/h per M2 

than the minimum found in tubewell no. 51. The 

wide range of loss rates reflects the high variation in 

the main canal lining conditions. 
The general lining condition in most of the 

tubewells was unsatisfactory during the season. 

However, some canal repairs were done during the 

season and others were scheduled for next season. 

On the average, about 13% of the pumped water 

was lost in conveyance from a tubewell if it 

operated the usual 4 h/d during the 1982 DS. 

Tubewell no. 14! lost 23%; tubewell no. 51, only 

5%. 
The earthen channels had an average convey-

ance loss rate of about 180 liters/h per M2 of wetted 

area-- 2.5 times higher than the lined canals. The 

range of loss rates was narrower in these channels 

than in the main canals. Tubewell no. 130, which 

has more clay than any other soil among the 

tubewell sites, had the minimum conveyance loss 

rate in its field channels. 

Why tubewell capacity utilization was low. On 

the average, only 7.4 ha was irrigated per tubewell 

during the 1982 DS. In the previous DS, more than 

double that area, but still very low for the given 

discharge capacities of the tubewells, was irrigated 

per unit (Table 19). A survey was conducted with 

150 farmers from five tubewells (nos. 51, 90, 117, 
or141, and 347) to determine their awareness 

ignorance of the value of irrigation water and their 

use of tubewell water. Theattitude toward the 
survey data showed that most farmers understood 

the value of irrigation water.and appreciated 
About 93% of the farmers considered not only DS 

irrigation, but also supplemental irrigation in the 

aus and aman rice seasons necessary to achieve 

high yields. Of the 61 farn:ers who used tu bewell 

during 1982 DS, 52 reported inadequatewater 
supply to their farms. If the water supply uncer-

tainty could be removed, farmer interest in using 

tubewell water in the DS could increase greatly. 

of the farmers indicated that theyAbout 98% 
would plan to use tubewell water in the next DS if 

the water supply could be assured. The results 

indicated that any disinterest among farmers is due 

to their lack of faith in the tubewells' ability to meet 
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their DS water requirement. 
Field data collected during the 1982 DS indicate 

that the low operating hours and losswater 

seriously impede the irrigation of a greater area 

with the tubewells. 
Low operatinghours. On the average, each of 

the 10 sample tubewells operated only 125 h during 

the 1982 DS. Lack of electrical power was res

total tubewell idle time.ponsible for 43% of 'ht 
About 66% of the 61 sample farmers who irrigated 

their crop during the 1982 DS blamed their water 

shortages on the absence of the tubewell operator, 
by head-end farmers, lowtoo much water use 


discharge capacity of the tubewells, and electrical
 

power supply interruptions.
 
Waterloss. Water loss in the field is high because
 

of the damaged 	 main canals and earthen field 

sandy loam soil, the scatteredchannels in the 
demand for water, the unsystematic delivery 

schedule, and the nonclosure of canal outlets not 

scheduled to receive water. 
The survey asked farmers what they perceived to 

be the most critical factors contributing to the 

small area cropped within the tubewell command 
waterarea. An overwhelming 94% indicated 

most serious problem. Othershortage as the 

reasons cited were the high cost of fertilizer (90%),
 

nonavailability of MV seeds (39%), and high cost
 

of insecticide (16%).
 

How much area can be irrigated in the dry 

season? The average area irrigated during the 1982 

DS was only 7.4 ha/ tubewell, or about 0.1 ha/liter 

per cecond of a weirs discharge capacity. On the 

average, only about 11% of a tubewell's command 

area was actually served during the DS. 

The potentially irrigable area for wheat cultiva

tion was estimated based on the optimum field 

water requirement of 240 mm of water in four 

irrigations. Ifa blockwise irrigation water schedule 

was followed, in which the service area was divided 

into three equal blocks, each block would receive 

water for 5 consecutive days for one irrigation so 

that each farm received four irrigations at 15-d 

intervals during the season. The percentage of 

water loss was assumed to be twice the conveyance 

loss measured in each tubewell in the main canal 

during 4 h of pumping. 
The average estimated irrigable area for wheat 

cultivation varied between 20 and 78 ha/ tuibewell 



depending on the length of pump operation (4-16 

h/d). The average irrigable area per unit of dis-

charge capacity was about 1.! ha/liter per second 

for 16 h of pump operation per day. 

Socioeconomic profile of the farmers. The 150 
of two equalfarmers in the sample fell into one 

large landholders (>1 ha in cultivation)groups 
and small landholders (<1.0 ha). The median land 

was about 1.0 ha.holding size of the sample 

Selected socioeconomic background ofthe farmers 

is in Table 20. 
Efforts to increase irrigation coverage. Areas 

served by irrigation during 1981 and 1982 aman 

seasons (AMS) in a group of 12 selected tubewells 
In the 1981 AMS, the systemwere compared. 

no 
the service area of these tubewells. In the

management staff made special effort to in

crease 
1982 AMS, the concerned staff emphasized im

of each tubewell.proving irrigation coverage 

Activities highlighting this effort were: 

e completion of measuring devices at the pump 

discharge point, 
* greater supervision of pump operation and 

water allocation, 
* better farmer contact to gain their confidence 

and motivate them to be better organized for 

the irrigation activities, and 

4 attention to the repair needs of canal breaches 

and construction of necessary field channels. 

The total area served from the 12 tubewells in the 

Table 20. Socioeconomic profile of farmers. North Bangladesh Tubewell System, Bangladesh, 1982 DS. 

Item 

Av farm size (ha) 

Av area irrigated (ha) 
1981 DS 
1982 DS 

Education level 
No formal education 
Primary 
Secondary 
Higher than secondary 

Family size
 
1-4 members 

5-8 members 

more than 8 


Tenure status 
Owner 

Sharecropper 
Owner-leaseholder 
Owner-sharecropper 
Others 

Food production status 
Subsistence level 
Surplus level 
No answer 

Small 
landholders(n - 75) 

Large 
landholders(n - 75) Total(n 150) 

0185 2.66 1.75 

0.27 
0.22 

0A5 
OAO 

0.36 
0.31 

23 
39 
10 

3 

19 
40 
10 
6 

42 
79 
20 
9 

20 
41 
14 

6 
33 
36 

26 
74 
50 

37 
6 
5 

24 
3 

34 
2 
6 

33 
0 

71 
8 

11 
57 

3 

71 
1 
3 

54 
19 

2 

125 
20 
5 

Off-farm income source (for family) 108 
None 

Service 

Small business 

Day labor 

Others 


Was credit used? 
1981 aus season (yes/no) 
1981 amen season 
1982 DS 

5553 1174 15411 202 1495 

72/7872/7238/3734/41 78/7241/3437/38 73/7739/3634/41 
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of MVs in the 1982 AMS compared with 1981 AMS. Twelve Pilot tube-
TaMe 21. Increases in area irrigated in the use 
wells, North Bangladesh Tubewell System, Bangladesh. 

Increase achieved in 
1982 AMS overArea irrigated (ha) 	 Use of MV (%) 
1981 AMS (%)

Tubewell 

no. 1981 AMS 1982 AMS 
 1981 AMS 1982 AMS 

Irrigated MV 
area adoption 

0 56 126 
63 14.1 31.8 

72 153 
77 202 30.6 15 38 

59 440 28
6.0 32.7 4689 21 1385 7493 28.2 34.3 	 0 62 914
28 28.6117 

58 153 
118 15.3 38.7 0 

20 50 242 i50 
119 	 7.7 262 

3663 14 - 36.3120 116 207
14 43
23A 50A
125 

44 149 266
 

126 16.5 41A 12 

107 20823 71

138 23A 48A 
87 112 112
 

16.9 359 41
142 

55 149 15435.1All tubewells 174.6 

by about i50% over that identified.1982 AMS increased 
* Extension work was intensified to informareaserved in the 1981 AMS (Table 21). The 

target farmers of the different MVs suitable
increase r.nged from 21% in tubewell no. 93 to 

914% in tubewell no. 117. The achievement in- for transplanting early, middle, or late for the 

dicates the improvement potential in the capacity AMS. 
a Farmer contact was intensified to encourage

utilization of all the tubewells in the North Bang-
early planning for MV use in the AMS.

ladesh Tubewell Irrigation System. 
* Field supervision and inspection were intensi-

Efforts to increase modern variety use. In 1982, a 
as were attempts to solve technical

major effort to increase the use of MVs during the 	 fied 

problems, such as a lack of field channels.


AMS was undertaken by the extension staff. The 

from the middle of the Table 21 compares the areas grown to MVs in 
objective was pursued 
preceding AMS. Mainly, the following activities the 12 tubewells in the 1981 and 1982 AMS. The 

results achieved in the 1982 AMS indicate the high 
were undertaken: 

were fallow and those potential for increasing crop production in the
9 Target farms that 

system area by greater adoption of MVs.
planted to aus rice with potential to grow 

MVs, considering their aus crop stage, were 
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NUTRIENT STATUS OF RICE ON SALINE 
AND SODIC SOILS 


Soil salinity and sodicity are strong limiting factors 

in agricultural production. More'than 60 million 

ha ofsaline and sodic soils lie uncultivated in South 

and Southeast Asia although they are climatically 

and physiographically suited to rice. 
A study was conducted on the effects of salinity 

and sodicity on absorption of nutrients by 1R9764
45 in a nearly neutral soil amended to give a wide 
range of salinity (3-11 dS/m) and sodicity (6-40% 
exchangeable Na). Sodicity increased the concen-
tration of Nand Na in the plant, but depressed that 

of most of the other elements. Salinity increased 
the concentration of most elements in the plant, 

but decreased that of P and Si. Salinity depressed 

grain and straw yield more than sodicity. 

Zn application increased the content of Zn, N, 
and Mn but decreased that of P,Cu, and Fe. Cu 

application decreased the concentration of Fe and 

Zn, but increased that of Cu and Mn (Table 1). 

ADSORP HON OFZINC ANDCOPPER BY PEATSOILS 

Adsorption reactions of Zn and Cu play a domi
nant role in their retention in peat soils. The data 

Table 1. Effect of Zn and Cu application on the content of elements in rice shoots 65 DAS. IRRI, 1982. 

Mineral contentTreatment 

Cu Fe Mn N P 
ECa ESPb Zn Cu Zn 

(dS/m) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (% (%) 

1.74 0.2526 44.8 12.2 83 587
5 16 12 

76 661 1.83 0.24257.3 925 16 36 6 
669 1.68 0.250 

5 16 12 18 40.7 17.7 73 

aElectrical conductivity. bExchangeable sodium percentage. 

4 

C/X/m x 10
0014 

02 -

Az0 088X XH*XOil. 

0010 ,.0o61,* 

0008-

0008 

0 41 


obtained for Zn and Cu in four peat soils con
formed to the Langmuir equation in linear form 
(Fig. 1), showing that surface adsorption is an 

important process regulating the concentration of 

A Zn and Cu in peat soil solution. 
7 )
 

0 - A The organic matter content of the peat soil 
correlated significantly with the adsorption maxi

) 
mum of Zn (Fig. 2), but not with that of Cu. The

7
 

y00015X4 {14bx 0 
AFomy sa adsorption of Cu may take place only on specific 
0,987* fractions of organic matter. The amount of Cu 

0004-FIELDS 

0002 Cdau 
y 00011X+ (176XU7 ) 

oilrimportance 

0 
;-ooo9X+(647xU-) 
1 1 1 

0 1 2 3 4 5 x10-4 ) 

Zn (mol/11 

i. Langmuir isotherms for Zn adsorption of four peat soils. 

IRRI, 1982. 
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(97-100%) adsorbed by each soil was considerably 

higher than that of Zn (70-96%). 

DECOMPOSITION OF ORGANIC MATTER IN RICE 

Although organic manures are assuming increasing 
in rice production, there is little in

formation on the decomposition of organic matter 
in flooded soils in the tropics. It is generally 
believed that flooding slows down the decom
position. 

In field experiments on the IRRI farm, 14C

labeled rice straw was incorporated at different 



12oo 	 eZn adsoption maima (mg Zn/bOg soi) 

1000 

80 

A=0 -6puddled 
200- /=9o2* 

40 50
0 10 20 30 


organc rmoter (%) 

2. Correlation between organic matter content and adsorption 

a fr 1Humus 

depths of the top 20 cm of a soil permanently 
submerged for I yr. Two rice crops were grown on 

half of the plots; the rest of the plots were kept 

fallow, 
After I yr, the soil was sampled and the 

remaining specific activities of the resulting CO 2 
high-were determined by wet 	combustion in a 

Tae 2. Changes in pacific activity of soil C after incor-

poration of 14C-labeled rice straw. IRRI, 1982. 

Depth of 
incorporation 

(cm) 

0-5 
5-10 

10-15 
15-20 

Specific activity 
(AC/mmol) Remaining 14C 

M%) 
0 moo 12 mol 

90.88 	 0.08 

7
0.70 0.05 

180.50 0.09 
0A9 0.10 20 

ing.vacuum line and measured by scintillation count-

Table 2 shows the changes in the specific 
activities related to different layers of straw incor
poration. The remaining 14C-carbon from the 

incorporated straw in the soil ranged from 7to 20% 
after 1 yr with a marked difference between the 

layer (0-10 cm) and the deeper layers (10
20 cm). No difference was found between fallow 

and cropped plots. 

HUMUS CHARACTERIZATION OF WETLAND SOILS 

composition of soils of the IRRI farm 

under different cultural management practices was 

compared with that of two other soils (Table 3). 

Humus was extracted with0.1 MNaOH and 0.1 M 

Na4P20 7 . The results showed: 
0 the composition of humus differed according 

to soil properties and management, 
* the amount ofextracted humus decreased with 

increasing acidity, 
* removing straw decreased the amount of 

extracted humus, and 
T acid soils had relatively more fulvic acids and 

less humic acids. 
Spectrophotometric characteristics showed that 

humic acid from the uncultivated Maahas clay had 
hicacid f huncti a y 

a higher degree of humification. 

IN AEROBICAVAILABILITY OF MICRONUTRIENTS 

SOILS 

To determine available Fe, Mn, Cu, and Zn in 
rice, three extractionaerobic soils planted to 

aAfter incorporation. 

Table 3. Amountia of humus components from extracted wetland soils. IRRI, 1982. 

Soil 

Lulsiana clay 
Pile clay loam 
Maahas clay 

Uncultivated 
Straw Incorporated 
Straw removed 

pH Organic C 
(%) 

0.1 M NaOH 
extractable 

Fulvic Humic 
acid acid 

0.1 M Na4 P207 
extractable 

Fulvic Humic 
acid acid 

Total 
extracted 

humus 

5A 
7.2 
6.0 

1.6 
25 
1A 

10.7 
11B 

7.9 
6.1 
4.6 

2.3 
8.7 

5.1 
6.8 
3.8 

1.7 
1A 

1.7 
1.9 
1.5 

0.5 
10.1 

7. 
5.6 
42 

15.2 
31.9 

22.5 
20.3 
14.7 

aExprssed as the amount of 0.1 M KMnO4 (mlg of air-dried soil) consumed. 
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test values.methods with DTPA, NH 4OAc, and 0.05 M HCI, 
Not one of the methods was suitable for Fe. For

which are simple, reliable, rapid, and inexpensive, 
the other nutrients 0.05 M HCI extraction worked 

were tested using 30 selected soils of the Philippines 
best. Correlations between Cu, Zn, and Mn con

ranging in pH from 4.0 to 8.3. 
tent of rice and soil test values were highly

The nutrient content of rice grown on these soils 

significant.
under aerobic conditions for 8 wk in the 1982 WS 

and DS was mea~uied and correlated with the soil 

Mg (mg/liter)Cc (mg/liter)K (mg/liter) 
100

50 


300

80
40 


200mg K (kgsoil)
 250D 

60

30 

20100mg/kg 
40 

20-

150, 

20
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Control 

0
00 	 0 2 4 6 8 10 12

0 2 4 6 8 10 12
0 2 4 6 8 10 12 
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K-deficient soil. IRRI, 1982.
3. 	Effect of K fertilization on the kinetics of the soil solution of a 


K (mg/liter)
NH+ (mg/liter)p (mg/ liter) 20250.5 

100mg P/kg soil 
162050 mg/kg 

0.3 
1215 

Control 10 8
 

0.1N
 

45 

7 
1 1 0 1-1-1-- ---

0 1 1 1 1 
C 1 1 1 	 8 10 128 10 12 0 2 4 6 
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4. Effect of P fertilization on the kinetics of the soil solution of a P-deficient soil. IRRI, 1982. 
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CHEMICAL KINETICS OF A K-DEFICIENT SOIL 

AND A P-DEFICIENTSOIL 

In the greenhouse, the kinetics of the soil solutions 
wasa P-deficient soil

of a K-deficient soil and 

studied. The addition of Kto the K-deficient soil 

increased not only its concentration in the soil 

on rice yield and 
Table 4. Effect of four straw treatments 

clay after the 20th crop.
the nutrient status of MaahRs 

IRRI, 1982. 


Grain Organic TotalStraw NCyieldtreatment tt/ha) (%) (%) 

4.1 ab 1.75 b 0.180 c
Burned 

1.94 a 0.195 bIncorporated 4.5 a 
2.03 a 0.2133Composted 4.3 ab 


and added 


solution, but also the availability of Ca and Mg 
(Fig. 3). P fertilization of a P-deficient soil in
creased the availability of P, NH4J, and K in the 
soil solution (Fig. 4). 

P at (ig. 4). 

P at 50 mg/kg and Kat 100 mg/kg fertilization 

significantly increased the yields of IR26 and IR42. 

However, no difference was observed in grain 

yields of the two rices at the higher levels of applied 

P and K. 

STRAW MANAGEMENT 

Drum studies and field experiments were con

tinued. The results of these long-term experiments 

in IRRI farm confirmed earlier findings that straw 
season without fertilizer imincorporation each 

proves the nutrient status of the soil. The grain 

yield differences were not significant in 1982 
(Table 4). 
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Soil and crop management 

Management of soil and fertilizer nitrogen 

Agronomy, Soil Chemistry, and Soil Microbiology Departments, University 

of Calijbrnia, Davis Cooperative Experiments, and IRRI-International 
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VARIETAL DIFFERENCES INABILITY TO EXPLOIT 
SOIL NITROGEN USING "SN-DEPLETED 
AMMONIUM SULFATE 
Agronomy Department and Universify of Cali-
fornia, Davis, CooperativeExperiments 

During the 1982 DS and WS, experiments were 

conducted in three locations at IRRI to evaluate 
105 rices for the ability to exploit soil N in wetland 

conditions. The experiments were caried out in a 

split-plot design with three replications. The main 

plots had two N levels (0 and 30 kg N/ha); the 

subplots had rice varieties and lines grouped by 
maturity. Group Iwas composed of early-maturing 
rices (100 d); group 2,meriium-maturing rices (105-

115 d); and group 3, late-maturing rices (120-135 
d). In one experiment, '5N-depleted ammonium 
sulfate (AS) was used on 33 varieties and lines, 

ordinary AS was applied on 72 rices distributed in 

two experiments, 
Grain yield. Yield differences among varieties 

and lines were significant. Generally, late-maturing 
.ices yielded higher than medium- or early-maturing 
ones. 

15N-depleted ammonium sulfate. In an experi-
ment using 15N-depleted AS, an application of 

30 kg N/ha produced 6 t/ha or more during the 
3

DS withearly-maturing IR22097-4l-- , IR9 752-7 1-

3-2, and IR9729-67-3; medium-maturing 1R9761-
19-1; and late-maturing IR15314-30-3-1-3. During 
the WS, late-maturing 1R15314-30-3-1-3 and 

IR19672-140-2-3-2-2 yielded more than 5 t/ha. 
Without N fertilizer during the DS, early-

maturing IR15429-268-1-2-1; medium-maturing 
IR25588-32-2, IR21015-136-1-2-3-l, and 1R21912-
56-3-4-2-2; and late-maturing IR15323-78-1-3-1 
yielded more than 5 t/ha. In the WS, only late-

maturing IRl5314-.30-3-1-3 yielded more than 
5 t/ha. 

IntheDS, thelowestyielderswithoutNapplica-
tion were early-maturing IR8608-189-2-2-1-3 and 

IR22097-41-4-3 (3.6 t/ha); medium-maturing 
1R13429-287-3, and late-maturing IR15314-30-3-
1-3(3.2 t/ ha). In the WS, early-maturing IR 19799-

9-1-2-2-2 yielded lowest (2.9 and 2.7 t/ ha) with and 
without fertilization. Late-maturing IR3525-43-2-
3-1-3-2 yielded 4.3 with N fertilizer and 3.3 t/ha 

without. Yields were generally higher among the 

late-maturing than among the medium- and early-
maturing varieties and lines, 
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Ordinaryammonium sulfate. In the DS experi
ments using ordinary AS, late-maturing IR25586
108-1-2 yielded highest (6.7 t/ha) at 30 kg N/ha, 
followed by medium-maturing IR13429-150-3-2
1-2 (6.3 t/ha). Early-maturing IR19743-8-1-2-2-2 

and IR19728-6-3-2-2-3 yielded 5.5 t/ha and 

5.0 	t/ha. 
Differingabilitiesto utilize soilnitrogen.Without 

N application during the DS, late-maturing 
IR19672-155-2-1-1-3 yielded 6.9 t/ha; medium
maturing IR13429-150-3-1-2, 5.7 t/ha; and early

maturing IR19743-25-2-2-3-1, 4.4 t/ha. 
In the WS, late-maturing IR25586-108-1-2 and 

IR 19672-155-2-1-1-3 yielded more than 5t/ha with 
and without N fertilizer application. Medium

morematuring IR13429-150-3-2-1-2 produced 
than 4 t/ha. 

Nitrogen content of rice. Regardless ofmaturity, 
more N was found in the leaves than in the culm 

during the vegetative stage. However, the N content 

at harvest was highest in the grains and next 
highest in the straw. The roots had the least N. 

Nitrogen uptake. The ability of rice to exploit N 

in soil was examined through its absorption 
pattern. N uptake at various growth stages 
indicated tzt the magnitude of variability among 
the maturity groups differed depending on the 

growth stage of the rice plant (Fig. 1,2, 3). In the 

early-maturing rices, the rate of Nabsorption was 

initially slow, but it increased between 10 DT and 

harvest (Fig. I). However, N uptake of long
duration rices (120-135 d) was generally faster 

during early growth stages, and slowed down at 

30 DT to panicle initiation (P1). From P1, the 

absorption ef N further increased until harvest 

(Fig. 3). 
Among the three maturity groups without N 

fertilizer, early-maturing IR9729-67-3 had the 
highest total Nuptake (136 kg N/ha) and IR19728

the lowest (84 kg N/ha). Medium9-3-2-3-3 
maturing IR21912-56-3-1-2-2 had the highest 
(150 kg N/ha) and IR 18349-135-2-3-2-1 the lowest 

(110 kg N/ha); late-maturing IR42 had the highest 

(213 kg N/ha) and IR22082-41-2 the lowest (107 kg 

N/ha). 
Although early-matuing IR22097-41-4-3 and 

IR9752-71-3-2, and medium-maturing IR25861
45-2-3 and IR13429-287-3 had high N uptakes at 

30 kg N/ha, they yielded lower than when no N 

fertilizer was applied. 



Without N fertillzer 

N uptake (kg/ho)
105 

I -Ro455°8-1-33R9729-67-3905  907-R9752-71-3-2
 
75
 

2 3 8•R8600-189-2-2-2-160 


IR19735-2 -2
45 --
30 H 3s R159-9-1-2-.i I
4 3 -R12-93 

IR22097-41- 

0 withWo N fertil9zer 
105 IR50, e 

0 

90- I~~R9752-71-3-2- R W -8 --

42--268-1-2-IRI90-
R4926l2l 

IR25865 -145-2-3 .- R22097-14 
,. 

Go  IR8455-78-l-3-3Ce 

45- R22097-41-4-3 IR0I9796

30

15
 

Harvest 100DT 300QT PI Harvest 

Growth stage 
01001 300DT PT Harvest 10 OT 300DT PI 

1. Varietal differences in the utilization of st N in transplanted rice of early maturity( 100 d) with N fertilizer(30 kgNI ha) 

and without N fertilizer. IRRI. 1982 DS. 

SOURCES AND METHODS OF NITROGEN 

APPLICATION IN WETLAND RICE 

Agronomy Department 

The efficiency ofslow-release forestry-grade sulfur-

coated urea (SCU), AS, and prilled urea (PU) with 

o r with ou t d icya ndiamide (DC D ), a nitrifi cation 
using with varioustested 1R36 varouswasinhiitor wasingIR36witinhibitor, tesed 

application methods. DCD contains 66.6% plant-

utilizable Nafter degradation. This Ncontent was, 

however, not computed as an N source in the DS, 

b ut was co nsidered in the W S. 

Dry season. Results showed that PU and AS 

plus 10% or 15% DCD broadcast and incorporated 
harrowing gave comparable(B&I) during thethe final hroigavcmpabeplu rng fil 

yield sto tho se sp lit-ap plied with P Uo r AS with out 

(Table I). Surface broadcast PU with and 
which,DCD 

DCD gave comparable yields,
without 

however, were significantly lower than B&I SCU, 


PU with 10% or 15% DCD, and AS with 15% 


DCD. 

PU surface broadcast after transplanting at 90 

kg N/ha increased the yield 1.4 t/ha over the 

unfertilized control.The yield was further increased 


by 0.8 t/ ha with the esearchers' split application of 
N rate.PU over surface broadcast at the same 

previous findings *hatThese results confirmed 

incorporation of the first dose of N fertilizer into 

the soil considerably increases rice yields, compared 

with a surface broadcasting of the full dose imme
diately after transplanting.

Wet season. Yield differences were not sig

nificant when rice was irrigated, probably because 
ch ang eabl ysoi aex - ( 2

f ewhi ce 

of the high native soil exchangeable N H4 -N (1225 ppm) during the first 20DT(Table 2)ln r-infed 

conditions, the SC Uapplication at 45 kg N/ha and 

the 75-kg N/ha researchers' split application of PU 

or AS gave comparable yields. However, the 

r eSe a ers m para nd yie farm er , the
 

and the farmers' practice
researchers' method 
produced comparable yields. Similarly, full-do.;e 

or AS amendedwith DCD showed no advantage over the reincorporation of broadcast PU 
tno nag e der Ur
 

wit h ers'split 
PU or

searchers' split application of unamended 
AS. 

EVALUATION OF PLACEMENT MACHINES TO 
INCREASE N EFFICIENCY IN IRRIGATED RICE 

Agronomy Department
 

Different placement machines and methods of N 

using PU and urea supergranulesapplication 
(USG) were evaluated during the 1982 WS at IRRI 

Industry'sand the Philippine Bureau of Plant 
and Training CenterMaligaya Rice Research 
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3. Varietal differences in the utilizaton of soil N in transplanted rice of late maturity (120-135 d) with N fertilizer (30 kg
 

N/ha) and without N fertilizer. IRRI, 1982 DS.
 

In ,he first experiment at the IRRI farm, IR36 
(MRRTC) in Mufioz, Nueva Ecija. Two experi-

out at IRRI and one at yields did not significantly differ among the sources 
ments were carried 

of urea and application methods (Table 3). A 
MRRTC. 
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Table 1.IR 6yield response to various N sources and application methods. IRRI, 1982 DS. 

souce
N source 

No N fertilizer 
U
,13 


PU 
PU + 10% DC" 
PU + 15% DCD 
PU + 15% DCD 
AS 
AS + 10% DCD 
AS + 16% DCO 
Forestry-grade SCU 
PU 
AS 

aAv of four replications. 

kg N/ha)Rate 


0 
90 
90 
90 
90 
90 
90 
9 
90 
90 

150 
150 

Application method 

Basal, surface broadcast 
Researches' split 
Basal, B&I 
Basal,surface broadcast 
Basal, B&I 
Researchers' spiit 
Baal, B&I 
Basal, B&I 
Basal, 3&l 
Reseurchers' split 
Researchers' split 

s

Yield
(t/he) 

4.2 d 
5.6 c 
6A ab 
6.7a 
5.7 bc 
6.9 a 
63 abc 
6.4 ab 
6.9 a 
6.7 a 
6.9 a 
6.6 a 

Table 2. IR36 (irrigated 'nd rainfed) yield response to various N sources and application methods. IRRI, 1982 WS. 

Source 

No N fertilizer 
PU 
PU 
PU 
PU + 10% DCD 
PU + 10% DCD 
AS 
AS + 10% DCD 
AS + 10% DCD 
Forestry-grads SCU 
PUi 

AS 

aAv of four replications. 

Table 3. 1R36 yield rmponm 

Urea source 

NoN fertilizer 
PU 

USG 

PU 

PU 

USG 

USG 

USG 


PU 

PU 

Rate 

(kgN/ha) 


0 
4r-
4b 
45 
45 
45 
45 
45 
45 
45 
75 
75 

RatsApplication method 

Surface broadcast 
Farmers' split 
Researchers' split 
Surface broadcast 
B& 
Researchars' split 
Surface broadcast 
B&I 

B&I 

Resarchers' c.'! 
Researchers' split 

ielde Ct/ha) 

Irrigated Rainfed 

3.6 b 2.1 f 
3.6 b 2.6 ef 
3.7 ab 2.8 de 
3.9 ab 3.2 cd 
3.6 b 2.8 de 
3.9 ab 3.2 cd 
4.1 a 3A bc 
32 ab 2. de 
3.8 ab 3.1 cde 
3.9 ab 3.8 ab 
3.8 ab 4.1 a 
4.1 a 4.2 a 

to various urea sources and application rates and methods. IRRI, 1982 WS. 

Actual rate 

applied Apolication method 


(kg N/he) 

0 
58 Resaarchers' split 
58 Point placement by hand 

37 Point placement by spring auger 

57 Band plcement by spring auger 

58 Point placement by damp plunger 

58 Point placement by furrower 
Point piacement by electrically59 
operated furrower 

39 Point placement by liquid injector 
after transplanting 

55 Point placement by liquid injector with 
transplanter 

Yields 
(t/ha) 

3.2 c
 
4.0 ab 
4A a 
44 a 
4. a 
4. a 
4. a 
4.1 ab 

4.0 ab 

3.7 b 

sAv of four replications. A typhoon hit the mature crop and shattered some grains.
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to various urea source and application rates and methods. 1982 WS. 
ra~bl 4. iR36 yield rmponsn 

Yield' t/ha) 
MRRTC ean 

Rate Application method IRR 
(kg N/ha)Urea LourCO 

3.74.1 b 3.2 d 
s1oN fertilizer 0 bc 4.3 

29 Point pi. ement by deep plunger 4.3 b 4.3 
4SJSG 4.8 ab 4.8 ab 

29 Point placement by liquid injector
?U 5.0 ab 5.2 a 5.1 

Point placement by deep plunger
USG 58 5.5 a 5.1 a 5.3 
PU Point placement by liquid injector58 42 

58 Farmers' split
PU 

58 Researchers' split
PU 

87 Farmers' splitPU 
87 Researchers' split

PU 

6Av of fou replications. 

strong typhoon severely affected the crop at 

maturity resulting in poor yield differences. All 

fertilized plots, however, significantly outyielded 

the unfertilized plots. 
In the second experiment at IRRI, the highest 

yield (5.5 t/ha) resulted from a point placement of 

58 kg N/ha PU solution using a transplanter with 

liquid injector (Table 4). In MRRTC, IP.36 yielded 

5.2 t/ha with the same N rate by point placing 

USG with a deep plunger 4 DT. At both sites with 

the same N rate, yields from point-placed N 

fertilizers, using both machines, were higher than 

either farmers' or researchers' split application at 

87 kg N/ha. Regardless of location, the farmers' 

and researchers' split applications of urea at 87 kg 

N/ha were only comparable with application with 

a transplanter with liquid injector at 29 kg N/ha. 

AMMONIA VOLATILIZAT ION 

and Agronomy Departments,Soil OhemisIy 


IRRI-InternationalFertilizerDevelopment

CenternatioopFertivierExeoment 

Center (JFDC) Cooperative Experiments 

NH3 volatilization was studied at IRRI and 

MRRTC using the mass balance micrometeorol-

ogical technique. Urea was either B&I immediately 

before transplanting or t6pdressed into the flood-

water 14 or 21 DT and 5-7 DBPI. 
Floodwater urea and ammoniacal N. The 

concentrations of urea and ammoniacal N(AN) in 

the Lloodwater after the incorporation of urea into 

the Maligava silty clay loam (MRRTC) and 

Maahas clay (IRRI) are shown in Figures4, 5,6. In 

the MRRTC study, floodwater urea-N peaked at 

215 ppm, 8 h after urea incorporation (Fig. 4). 

5.0 ab 
4.4 ab 4.0 c 

4.3 L-c 4.7 

4.7 ab 4A bc 4.6 

4.9 ab 4.8 ab 4.9 

Peak urea concentration (100 ppm) was lower in 

the IRRI study where a lower urea application rate 

was also used (Fig. 4). Floodwater urea concentra

tion declined rapidly with time with low concentra

tons resulting 2-3 d after fertilizer incorporation. 

AN concentrations in the floodwater increased 

rapidly in both B&I studies, reaching a peak of 

20 ppm at MRRTC on day 2, but only 5 ppm at 

IRRI on day 3 (Fig. 4). In both studies, floodwater 

AN concentrations decreased sharply thereafter, 
reflecting gaseous N loss, immobilization of AN by 

of AN on the soilaquatic flora, absorption 
exchange sites, and increased floodwater depth. 

Topdressing urea into the floodwater after 

transplanting also resulted in high urea concentra

tions and elevated AN levels, even in deeper 

floodwater (Fig. 5). At MRRTC, the urea concen

tration in the floodwater peaked at 120 ppm, 2 h 

at IRRI, where a lower ureaafter topdressing; 

application was used, urea concentration peaked at 

100 ppm. In both studies, rapid urea hyd:olys~s 
resulted in the depletion of most of the floodwater 
urea within 4 d of application. AN level increased 

urea 
values of 14-15 ppm AN after 2-3 d in both studies 

contrast to the B&I studies, floodwater 

concomitantly with hydrolysis, reaching
 

(Fig. 5). ., 

AN levels in the topdress studies remained high
 

over 3 d (Fig. 5).
 
Delaying topdressing of urea until immediately 

before PI at MRRTC and IRRI did not appre

ciably reduce the peak AN concentration in the 

floodwater, even though only half the urea was 

topdressed (Fig. 6). However, the AN concentra

tion in the floodwater declined more rapidly with 

time than observed in the 14-and 21-DT topdress
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4. Urea and AN concentrations in floodwater after basal 

broadcast and incorporation ofurea. MRRTC and IRRI 1982. 
5. Urea and AN concentrations in floodwater after topdressing urea at 14 DT(MRRTC) 

and 21 DT (IRRI). MRRTC and IRR1, 1982. 
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6. Urea and AN concentrations in floodwater after applicatior 

of urea 5-7 d before panicle initiation. MRRTC and IRRI, 

1982. 

a feature that likely reflectsing studies (Fig. 6) 
the lower urea input and the increased competi-

tiveness of the rice plant for N fertilizer topdressed 

at this growth stage. However, the initially high 
aAN concentrations in the floodwater indicates 

potential for NH 3 volatilization, should pH and 

wind speed also be favorable. 
aFloodwater AN concentration followed 

marked diurnal pattern. This feature was especially 

pronounced in the B&I studies where overall AN 

levels in the floodwater were low (Fig. 4). In all 

studies, the floodwater AN level peaked daily at 

0600-0700 h and was lowet early in the afternoon. 
aFloodwater pH. FRoodwater pH followed 

diurnal pattern at the MRRTC and IRRI regard-

less of fertilizer management (Fig. 7). The diurnal 

fluctuation in pH measured in the floodwater in 

areas surrounding the circular field was similar to 

that measured in the floodwater amended with 

urea at 14 or 21 DT (Fig. 7a). 
The role of photosynthetic organisms is further 

highlighted in the pH values obtained from both P1 

topdress studies (Fig. 7c). In these studies, flood-
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water pH showed a greater diurnal fluctuation in 

the surrounding unfertilized areas. The crop 

canopy was appreciably denser in the circular field 

where the rice plants had received urea eithe: 14 or 

21 DT. As a result, less light reached the floodwater 

in the circular field area, lowering the amplitude of 

the pH fluctuation. Only in the IRRI B&I study 

did the floodwater pH values in the circular field 
exceed those in the nonfertilized, 

background areas (Fig. 7b). However, only in the 

IRRI study wes an algal bloom observed after urea 
a ,^act clearly reflected in the sharply 

increased diurnal pH fluctuation. 
fluxes. NH3 volatilization followed a 

characteristic diurnal pattern in all the studies (Fig. 

8,9, 10). As a rule, the NH 3 loss peaked between 

1200 and 1400 h and was lowest overnight. NH3 

volatilization was always detected soon after urea
 

application.
 
N fertilizer management affecting floodwater
 

AN level (Fig. 4, 5,6) had a pronounced effect on
 

the daily NH 3 fluxes and the total NH 3 loss 

measured with time. The NH 3 fluxes measured 

after the incorporation of 60 kgN/ha urea-N to the 

Maahas clay are in Figure 8. The peak NH 3 flux 
(0.34 kg N/ha per hour) occurred on the second 

day after fertilizer application when 2.5 kg N was 

!ost through NH 3 volatilization. The total 

measured loss over the 6 dwhen NH 3 volatilization 

was detected amounted to 7.7 kg N/ha or 13% of 

the urea-N applied. A similar pattern of NH3 loss 

may have occurred when urea was B&I into the 

Maligaya silty clay loam (Fig. 8), 
Substantially larger NH 3 fluxes were obtained 

where urea was topdresed into floodwater 14 DT at 
at IRRI (Fig. 9). The peakMRRTC or 21 DT 

NH3 flux for the MRRTC experiment approached 

0.84 kg N/ha per hour. On 21 Jan, NH 3 volatiliza

tion accounted for 8 kg N/ha or about 10% of the 

urea-N applie .The total measured NH3 loss to the 

atmosphere during the MRRTC experiment was 

37.5 kg N/ha from the application of 80 kg N/ha 

(47% of the ,._.-N topdressed). 
fiuxes Lam the flooded Maa,'-asOverall ? H3 

clay after urea wa,, ,opdressed into floodwater at 21 

DT were lower than tose from the MRRTC silt 

clay loam (Fig. 9). NH3 fluxes exceeded 0.55 kg 

N/ha per hour at 1200 hon 31 Mar and 1Apr, but 

the peak daily fluxes dropped rapidly after the 
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7. Floodwater pH in urea-an.ended and Kuonfertilizer areas: a, urea applied basally and incorporated; b, urea 

topdre.sed to floodwater 14 DT (MRRTC) and 21 DT (IRRI); c, urea topdressed 5-7 d befort panicle 

initiation. MRRTC and IRRI, 1982. 
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8. NH 3 fluxes following basal incorporation ofurea fertilizer ata rate of 87 kg N/ha (MRRTC) and 60 kg N/ha (I RRI). MRR TC 

and IRRI, 1982. 

for only 27% of the N topdressed at 21 DT at IRRI 
third day following urea application (3 Apr) and 

compared with the 47% NH3 loss at MRRTC.
NH3 volatilization was complete within 7 d. Con-

The AN level (Fig. 5) and floodwater (Fig. 7a)
sequently, the total measured NH 3 loss accounted 
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9. NH 3 fluxes after application of urea to floodwater at 87 kg N/ha 14 DT (MRRTC) and 60 kg N/ha 21 


MRRTC and IRRI, 1982.
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10. NH 3 fluxes following urea application 5-7 d before panicle initiation: a, 40 kg 

N/ha;b, 30 kg N/ha. MRRTC and IRRI, 1982. 

under the low wind speeds and in the presence of a 
were comparable in both studies, indicating that 

other factors limited NH 3 volatilization in the 	 more developed rice canopy. High wind speed 

could also increase the turbulence in the flood-
IRRI study. Application of urea at 21 DT instt-ad 

water, and concomitantly lower the liquid phase
of 14 DT resulted in increased N uptake by the rice 

crop, but the difference did not entirely explain the resistance in addition to the effect on the gaseous 

lower NH 3 loss. Floodwater temperature was phase resistance. Thus, the prevailing weather at 

MRRTC during the topdress study may have been 
higher at IRRI, increasing the potetitial for NH3 

loss. Howev.er, wind speed was appreciably lower ideal for NH 3voVlr-izati-.., while that at IRRI was 

not.at IRRI during the crucial stage of the NH 3 loss 
NH 3 loss was also significant where urea was 

study and it is likely that the low wind speed 

transfer from the floodwater topdressed 5-7 DBPI (Fig. 10). The total measured 
restricted gaseous 

was also apparent in the NH 3 loss accounted for 11% of the urea-N top
surface. Wave a,-tion T C and 15% at IRRI.dressed at MFfloodwater at MRRTC but negligible at IRRJ 
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ROLE OF UREASE INHIBITORS INREDUCING 
IRRI-NITROGEN LOSSES IN WETLAND RICE -

IFDC COOPERATIVE EXPERIMENTS 

Agronomy Department 

The role of urease inhibitors in improving the 

efficiency of broadcast urea for wetland rice was 

evaluated at the IRRI farm. The potential ofurease 

inhibitors for reducing NH 3 volatilization losses 

from urea surface broadcast into flooded soils was 

earlier reported. Urea with phenylphosphorodia-
midate (PPD)retarded urea hydrolysis and delayed 

the appearance ofaqueous NH 3 in the floodwater. 

Results of field experiments at the IRRI farm in 

the DS and WS confirmed that PPD retarded urea 

hydrolysis to reduce NH 3 volatii7ation loss, par-

ticularly with urea broadcast into the floodwater 20 

DT (Fig. 11). However, urea with PPD and urea 

Ureo-N (ppm) 

160 


Fertilizer applied 

120 e Prilled urea 

PPDV Prilled u ea +2% 

V Prilled urea +5 %PPD 

80 -No N fertilizer 

40 


40 
ws 

30 

20-

10 

1 2 5 4 5
0 

that did not have the urease inhibitor gave com

parable grain yield (Table 5). 
In the DS, results confirmed previous reports 

that incorporation of the first dose of N fertilizer 

into the soil just before transplanting signific' Itly 

increased the yield over surface broadcast fertilize. 
no advantageIn the WS, incorporation showed 


over surface broadcast urea (Table 6).
 

DYNAMICS OF BIOMASS-N INFLOODED SOIL 

Soil Microbiology Department 

Biomass N is the source of N available to plants. 

Little is known about the Nsupply from biomass N 

fraction to plants and its replenishment in flooded 

soil. Chloroform-fumigated soil was incubated in 

flooded condition up to 4 wk and mineralized N 

NH4-N (ppm)
 

Fertiier applied D
 

12 

B 

4
 

8 w 

6 

4 

2 

5 62 3 46 10 

Days after fertilizer application 

+ N after application at 20 DT of prilled urea, and urea with 2%and 5% 
11. Floodwater uz-,!a-N and NI14 

PPD at 40 kg N/ha (av of two sampling times at 0700 and 1300 h.except during the 5th and 6th days, 

when samples :',-r- ta'en once at 1300 h). IRRI, 1982 WS and DS. 
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IR36 yield response to N appllcation methodsTable 5. 1R36 yield response to various ura sources and 	 Table 6. 
IRRI, 198206Iand WS.application methods. IRRI, 1962 DS and WS. 

Yieldb (tlha)Yieldb t/ha) 
Application method'Treatments 

DS WSDS WS 

No N fertilizer 	 2.7 c 3.1 b
No N fertilizer 2.7 d 3.1 c 

2/3 basal, Incorporated + 1/3 at PI 5.1 a 4.3 a
2/3 basal, incorporated + 1/3 at PI 

5.1 ab 4D ab 2/3 basal, no incorporation + 1/3 at Pi 4.7 b 3.9 aPU 
52a 4.1aUrea +5% PPD 52ab 42ab 2/3 at 20 DT and 1/3 at PI 


Urea + 2% PPD 
 5. ab 411a 
aTotal N rate applied was 100 kg/ha In the DS and 60 kg/ 
ha in the WS. bAy of four replications and three sources

2/3 basal, no incorporation + 1/3 at PI 
PU 	 418 bcbc 35 ab of urea (prilled, urea with 2% and 5% PPD).

4.8 4.OabUrea+5%PPD 

cUrea +2%PPD 	 4.5 4.1 eb 
2omoss N (mg N/g) OwA"Ied 

2/3a200T1/3a~l 00-
PU 5.3a 42 ab Luis~b Migao mod=
 

Urea +5% PPD 5.0ab 4.ab
 
Urea +2% PPD 5.2 ab 4-9 ab 15oI
 

100 kg/ha in the DS and 60 kg/ha in the 	 / I 8oON levels were 

WS. bAv of four replikations. 10/ / / /
 

-released during the incubation was taken as bio- 50 

mass N. Three soils - Maahas clay (pH 6.6, N = 

0.15%), Luisiana clay (pH 4.7, N = 0.17%), and 0 
were placed 150Maligaya clay (pH 6.5, N = 0.09%) 

in concrete tanks with 15N-AS at 60 kg N/ha. Plots / \
 

were either planted or unplanted. Soils were o /.
 

sampled periodically at 0-1 cm, 1-8 cm, and 8

15 cm during the growing season, and their bio- . ." - '
 

mass-N contents were determined. Except in 5.
 

Maahas soil, biomass N increased at 0-1 cm layers 


in both planted and unplanted plots. It decreased 00 4 89 0 40 89 0 40 89 

plant grew (Fig. 12). Doyin soil below 1 cm as the 
Except in the surface soil, biomass N was almost 12. Biomass N change in three soils planted to IR42 and 

equal in planted and unplanted soil. That meant unplanted. IRRI, 1982. 

that biomass N was replenished in the planted soil 
after the removal of available N by the rice plant, proportional to the amount of biomass N at later 

stages of rice growth. A part of 15 N was convertedand that it was enriched from the soil surface. 
to biomass N, particularly in surface soil, but theN contents derived from the soil at harvest were 

584 mg N/plant in Luisiana soil, 432 in Maligaya, 15N was transformed gradually to a more stable 

and 258 in Maahas. These amounts were roughly form. 
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NITROGEN BALANCE IN RICE SOILS 

Soil Microbiology Department 

Varietal differences in stimulating positive nitrogen 

balance. The rice plant stimulates positive N 

balance in flooded soils. Six screening experments 

were conducted to find if there are significant 

differences in this ability among rice varieties. The 

tests included 84 Oryza sativa varieties, other 

Oryza sp., and a few aquatic plants. 
Three consecutive rice crops were grown in 

flooded pots with about 10 kg Maligaya soil (0.08% 

N) supplemented with 15 g/ pot of straw for each 

crop. Photosensitive varieties received short-day 

treatments. N gains per pot ranged from 126 mg 

(Sphenoclea zeylanica), 188 mg (Pokkali), and 

191 mg (fallow) to 757 mg (BPI-76), 776 mg 

(Oking Seroni), and 858 mg (Raminad #3). These 

gains corresponded to a range of 8.4 to 57 kg N/ha 
per crop. The N-gain frequency distribution 

(Fig. I) was not statistically different from a 

normal distribution. 
IR42, BPI-75 (acc #9790), and Taichung 65 were 

tested in three series of experiments. N gains were 
three581 ± 153 (standard deviation among the 

676 ± 72, and 490 ± 10 mg N/pot.trials), 
quite good. N gain and N

Reproducibility was 

uptake by plants were highly significantly cor-

higher N uptake sti-related, meaning that the 

mulated N gain. Regression equations showed that 

a few varieties, including Orvza barthii,H ua-chou-
chu-mo-mor, Raininad #3, Lemo, Lac-23, and 

Oking Seroni, had higher-than-predicted N gains. 

Varieties and wild rices (no) 

~30 

20-

10 

0 
IO0200 300400 500600 70080 

Ngain (mg N/pot) 

I. Frequency of distribution of N gains for 84 rice varieties and 
wild rices. IRRI, 1982. 
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Soil N always increased after growing three crops 

of these varieties. This suggests higher N uptake 

was mostly responsible for higher N gains. The 

higher N uptake was due to higher biomass 

production; therefore rice varieties that produce 

higher biomass may stimulate N gain. 
Nitrogen fixation stimulated by neem seed. 

Neem (Azadirachtaindica) seed or cake (residues 

after extracting oil) stimulates photodependent N2

fixation by suppressing Ostracods that ,graze on 

N2-fixing blue-green algae (BGA). N balance ex

periments, including various treatments in planted 

pots, demonstrated that flooded soils exposed to 

light and amended with neem seed equivalent to
 

100 kg/ha had significantly higher N gains than
 

those without neem seed (Table I).
 

AZOLLA-ANABAENA SYMBIOSIS AND ITS
 

UTILIZATION
 

Soil Microbiology and Rice ProductionTraining 

and Research Departments 

Antigenic identity of Anabaena azollae in azolla 

(Soil Microbiology). Azolla is symbiotically asso

ciated with the N2-fixing BGA Anabaenaazollae. 

It is not clear if the BGA symbiont is the same one 

in the various azolla species and strains. Also there 

as to whether the Anabaenais some question 
strains claimed to be isolated from azolla are the 

true symbiont. 
Because the isolation of Anabaena and its 

reinoculation to 4nabaena-freeazolla is not yet 

possible, the fluorescent antibody (FA) technique 

was used to answer these questions. Antibodies for 

Table 1. The effect of neem seed and cake on N balance, 
after five rice crops, inpotted soil. IRRI 1982. 

Nitrogen (mg N/pot) 
Treatment 

Crop ChangeNg Balance 
uptake soil 

Neem seed, 100 kg/ha 421 +229 6098 

Nem seed + straw, 428 + 140 369 ab 

1t/ha 
bPhosphorus, 10 kg P/ha 359 - 3 356 

Neem cake, 100 kg/ha 403 - 39 280 bc 
Straw 395 + 22 285 bc 

Control 382 - 131 251 bc 

Neem seed, blacx cloth 294 -231 22 cd 
Straw black cloth 304 -222 -76 d 



Anabaena were prepared using algae from the 
cavity of Azolla pinnata (two strains), A.filicu-
loides,A. caroliniana,and A. microphyllaand two 

free-living Anabaena strains reportedly isolated 

from azolla. All the Anabaena azollae freshly 

separated from 32 specimens of six species of azolla 

shared identical and highly specific antigens. None 

of these FAs exhibited cross-reactions with any of 

the free-living BGA tested. FA absorption results 

confirmed these findings and also indicated the 

existence of cross-reactive antigens between azolla 

leaves and the surface of the symbiont Anabaena. 
Antibodies for free-living A. azollae did not cross-

react with any of the symbiotic A. azollae. This 

indicates that either 
* these Anabaenaare not true isolates, or 

• their antigenic properties were altered during 
isolation and culture. 

Field performance of various Azolla species 

(Soil Microbiology). A. microphylla from Para-

guay (401-420) and Galapagos (421), A. nilotica 

from Sudan (501), and A. pinnata var. pinnata 

from Northern Territory, Australia (701-704), were 

Table 2. Accumulated dry weight and average frequency 
of harvest through the 15th wk of various Azolla sp. 

IRRI, 1982. 

Av harvestAccession Dry w 
Strains no. ght (no./15frequencywk)Stransn. (gm2) 

A. pinnaot var. 701 263 8.3 
pinnta 417 183 4.7

A. microphylla 

A. microphylla 418 167 4.7 

A. mlcrophylia 407 142 4.0 
A. caroJiniana 301 144 4.7 

302 118 4.0A. caroliniana 
143 4.7A. pinnato 5 
90 3.0A. pinnata 49 

A. pinnata 32 71 2. 
A.p~inta 40 50 1.3 

Table 3. IR42 yield in azolla-rice culture. IRRI, 1982. 

Chemical N 
Trial sequence ropping applied (kg/ha) 

duration (split ratio) 

1005th Nov - Jan 
(2 :1 :1) 

0Jul6th Apr 

added to the IRRI azolla collection. 
Fresh inoculum (100 g) was added to a I-rn2 

frame placed in a flooded rice field. Fresh growth 
was weighed weekly. When the growth exceeded 
1 kg, half the azolla biomass was harvested and 

grown continuously. Starting in August, P (0.1 g 

P205/m2 as superphosphate) was applied every 

3 d. The accumulated dry weight and average 

frequency of harvest through the 15th wk of the 

various Azolla species are in Table 2. A. pinnata 

var. pinnata and A. microphylla(Paraguay) seem 

to be promising species in the tropics. The experi

ment is still underway. 
Dual culture and azolla by wide-row spacing 

(Soil Microbiology). The results of the fifth and 

sixth trials are shown in Table 3. In the sixth trial, 

no azolla was incorporated so comparison could be 

made with the fifth trial where five azolla crops 

were incorporated. The effect of azolla on rice yield 

was not clear becnuse the rice was heavily damaged 

by RGSV 2 and showed great variation among 

plots. After the fifth trial, soil cores up to 20 cm 

were analyzed. In the control plots with no N 

fertilizer or azolla, total Nwas 0.16%; in plots with 
both N amendments, total N was 0.18%. Total N 
was i39 gIm 2 in the zero-N plots, 149 g in the N 
fertilizer plots, and 171 g in the azolla plots. Total 

N was significantly higher in the azolla plots than in 
the other plots. 

Temperature response of azolla (Soil Micro

biology).Temperature response of azolla is depen
dent on plant density. First, the growth and N2 

fixing activity of Azolla-Anabaena symbiosis were 
on itsexamined at a low plant density. Based 

growth, chlorophyll content, protein content, and 

' kA), A. filiculoidesacetylene-reducing activity' 
(#101) appeared the most se :itive to high tem
perature. A. pinnata (#9 and 1 i) and A. micro
phylla (#417) showed good growth and no senes-

Number of azolla 
Incorporations and 

N content No N 

Grain yield (t/ha) 

Chemical N Azolla 

5 crops 5.2 6. 6.6 

75 kg N/ha 
0 3.4 4.1 • 

aFifth anid sixth crops in B9 plot correspond to eighth and ninth crop from beginning of experiment. 
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cence even after 6 wk at 370 C(day)/29C (night) if 

the plant density was controlled and nutrients were 

not limiting. 
Various Azolla species were grown to a maxi-

mum biomass in a liquid medium at either 33 0C 

(day)/250C (night) or at 370/200C (Table 4). 

A. microphylla (#417) appears most tolerant to 

high temperature and A. nilotica (#501), the least. 

A. pinnata (#2) and A..pinnata var.pinnata (#701) 

also showed relative tolerance to high temperature. 

These observations are not inconsistent with ex-

periments at low plant dernsity and growth in the 

field. A. pinnata var. pinnata (#701) and A. 

microphylla (#417) seem to be promising species in 

the tropics. 
Soil phosphorus availability and azolla growth 

(Soil MicrobiologyandRice ProductionTraining 

and Research). Since 1979, applied research trials 

have been conducted throughout the Philippines to 

evaluate azolla in farmers' fields. Only in South 

Cotabato Province in Mindanao has azolla spread 

beyond the immediate trial area. Its obvious 

adaptation to the area encouraged the Ministry of 

Agriculture to multiply azolla in all available water 

holes and ponds in and around the irrigated rice 

lands o,' Koronadal. 
Upon multiplication, azolla was distributed to 

farmers in Koronadal, and by 1980, azolla had 

spread to about 1,000 ha. By 1981, an estimated 

5,000 ha of irrigated rice lands in the Koronadal 

area were inoculated with azolla. 
The widely publicized success of azolla produc-

tion and utilization in South Cotabato prompted 

the question of what distinguished this area from 

those elsewhere in the Philippines where azolla did 

not grow well outside the research trials. 

Monitoring of the physical environment revealed 

two important factors. 
9 Soils in the Koronadal area of South Cotabato 

contained relatively high levels of P. 

* The WS in the Koronadal area extends from 

April to December, with only 3 dry months. 

During the DS, the average monthly rainfall 

remains above 50 mm (Annual report for 

1980). 
To find if soils can support azolla growth 

without P application, a bioassay technique was 

developed. Soil samples were placed into the 

bottom third of bottles (8.7 cm in diameter and 

12 cm deep), flooded, and kept there for I wk. 

A. pinnata (#5) was depleted of nutrients. Azolla 

plants with three main stems were placed in pots, 

grown in the greenhouse, and harvested either 

when the soil surface was covered or when 4 wk 

had elapsed. N and P contents, soil-available P 

(Olsen's P), P adsorption capacity, and other soil 

characteristics were analyzed. Eight of nine soils 

from South Cotabato yielded an azolla biomass 
2
higher than Ig N/m .The doubling time was 3 d or 

less. Soils that supported azolla growth well (higher 

than I g azolla N/ n2) appear to have available P 

(Olsen's P) higher than 25 ppm (Fig. 2). 

Free-living blue-green algae (SoilMicrobiology). 

Inoculaiion long-term experiment. A long-term 

study was started inthe 1982 DS on the IRRI farm 

to examine the fate of BGA inoculum in the field 

and the effect of inoculation on photodependent 

N2 fixation. Special emphasis is being given to the 

grazers that feed on BGA. Sixteen 4- X 4-m plots 

were arranged in a Latin square. The four treat

ments were neem nut application (to control 

ostracods), inoculated, neem nut application + 

Table 4. Maximum N biomass of various Azolla strains at the average temperatures of 290 and 330C. IRRI, 1382. 

N content (g/m2 )a 

Strain 

A. pinnata, Malaysia 
A. carolinlana, Ohio 
A. microphylla,Paraguay 
A. microphylta,Galapagos 
A. nilotica,Sudan 
A. 	pinnata var. pinnata 

Kakadu, Australia 

Accession no. 
290C 

2 11A ± 0.6 (48) 
301 8.7 ±0.1 (48) 
417 9.7 ± 0.5 (28) 
421 7.2 ± 0.1 (48) 
501 6.2 ± 0.1 (48) 
701 11 .0 ± 0.2 (48) 

33"C
 

4.83 ± 0.07 (28) 
3.35 ±0.06 (28) 
7.30 ± 0.27 (28) 
2.36 ± 0.04 (28) 
1.28 ± 0.03 (20) 
4.59 ± 0.08 (34) 

aThe average ± standard deviation of three replicates. Number in parentheses represents no. of days to reach the maxi

mum N biomass. 

284 IRRI ANNUAL REPORT FOR 1982 



oisw P (pp) 
Go-

50o 

40 

30* * 

020- 0 

0 0 
10 0 

000 -0 

0 o o 1000
io0 1 

Pa1,mtIcn cpaocy (mg P%/oog) 

2. Relation between OIsen- Pand P absorption capacity. Closed 

circles = N in azolla biomass greater than I g/m2 .Open circles 

= less than I g/m 2. IRRI, 1982. 

inoculated, and the control. N2-fixing BGA, ostra-

cods, and molluscus were enumerated; ARA, 

chlorophyll in the floodwater and upper soil, 
and yield werefloating algal biomass, grain 


measured. 

Algal inoculation (with Tolypothrix tenuis and a 

nonmucilaginous Nostoc sp. strain) was unsuccess

ful. There were no significant differences among 
the treatments except that the number of ostracods 

was lower in neem-treated plots. Growth of 

inoculated strains was not detected in soil samples 

taken after inoculation. The growth of 13 recorded 

indigenous BGA species reached a fresh weight of 

15 t/ ha. Grazing-resistant mucilagenous colonies 

of Nostoc, Gloeotrichia, and Aphanothece domi-

nated the algal biomass. Because of the high water 

content of such colonies (around 99%), the very 
bloom contributedimpressive N,-fixing algal 


minimal N. 

Possible reasons for failure of inoculated algae 

to grow were: grazing by snails, interspecific algal 

competition and/or environmental conditions un-

favorable for the inoculated strains. 

Properties and production of algal inoculants. 

The selection of "super N2-fixing strains" of BGA is 

meaningless unless they can be established in the 

field. Successful field establishment of reliable, dry 

BGA inocula is essential if the technology is to be 

effective in N2 tfi ation. 
Preliminary studies of the composition ofmulti-

strain inocula produced in India and Burma and of 
monostrain inocula produced at IRRI are sum

marized in Table 5. 
o Inocula from India and Burma designed to be 

"multistrain inocula" contain two dominant 
strains 	 and very few associated ones. The 

of N2-fixing colony-forming unitsamount 
(CFU) in the inocula iscomparable to that of a 

soil rich in BGA, which may have between 105 

and 106 CFU counts/g of soil. 
e A trial to produce inocula in the field from the 

original Burma inoculum and other nonindi

genous strains was unsuccessful. 

Soil-based inocula contained more non-N2
fixing CFU than N2-fixing ones. Inocula 

in a greenhouse from nonspecificproduced 
strains had N2-fixing CFU counts similar to 

those of the multistrain inocula. 
Highest CFU counts were obtained with driedo 
cultures of laboratory-grown BGA; however 

the variability among the strains was large. 

Overall composition ofblue-greenalgae. Little is 

known about the composition of BGA. Some 

information isavailable from physiological studies 

with a limited number of laboratory strains growing 

Tablu 5. Characteristics of some BGA dried inocula. I RRI,
 

190Z
 

CFU/g inoculumD 
-fixing Nonfixing strainsa(no.)Inoculum Na GABgA 

idiC 4.6 x i05 4.7 X106 2 

21.6 X106 2.8 X106uiaC 

1.6 X 106 2Burma, 2ndd 7.0 X 10 4 


Tolypothrlx
e 2.8 X105 6.0 X106 2
 

e 	 18.0 X 106Aulosira 1.9X 106 
4.0 X 106 1NestocP 5.0 X 105 


= f 1
noneAulosir 6.1 X 108 

f none 1


Anabaena 6.3 X107 

f 2.4 X 10 7 none 1
FischereIla
NostOcf 2.3 X107 none 1 

f
Totypothrix 1.5 X108 none 1 

f X 105 	 1Sctoneha 2. none 

1.X 105Aphanothecef none I 

Colony-forming units. bNo. of strains composing 90% of 
inocula made available

the N2-fixing CFU. CMultlstrain 
Burma. dproduced In open

to the farmers in India and 
at IRRI using 5 kg Maahas soil, 10 g superphostrays 

phate, 2 ml Perthane emulsion, 2 g NaCI, and 140 g 

Burma inoculumlm2 . •Produced in small trays in agreen

house acording to the above method, using dried labora
tory cultures as inoculum. fProduced in artificial.media in 
the laboratory and dried. 
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Table 6. Average .omposition at BGA. IRRI, 1982. 

Literature IRRI 
Component citations strains analyzed 


(no.) (no.) 


Dry weighta None 46 
C 	 13 22 
N 	 52 46 

13 	 22 
19 

C:N 
NoneP 7 NoneAsh 

53 	 46 
46

Proteins 
27 

None
Sugars 

21 
15

Lipids 
46Phycocyanin 
4612Chlorophyll 

a% of fresh wt. bMethodological artifact. 

under artificial conditions. Systematic studies have 

not been conducted. 
Results from a bibliographic study and from 

analysis of 46 strains from the IRRI collection are 
On the average, BGAsummarized in Table 6. 

contained 38% proteins, 46% sugars, and 9%lipids. 

Their C:N averaged 7.5. A characteristic feature 

was the composition variability. The coefficients of 

variation (standard error expressed as a percentage 

of the mean) ofthe different components, except C, 

were higher than 40% and averaged 60. 

Cluster analysis showed no clear relation between 

the clusters and the taxonomic g;oups except for 
Anabaena sp. This may indicate that environmen-
tal factors and the physiological state are at least as 
important as the nature of the strain in determining 

the composition. Table 7 shows an example of the 
variability of N composition. Literature data refer 

mainly to laboratory strains grown under low light 

intensities and harvested during the exponential 
phase. Such strains had a high N content attri-
butable to a high pigment content, a low mucilage 

content, and a low percentage of akinetes (which 

are rich in carbohydrates). On the other hand, 
strains at the end of the exponential growth phase 

and older strains had a lower Ncontent. The lowest 
was in field samples of BGA blooms,N content 

which are usually poor in pigments, rich in 
and high in ash content.

mucilage and spores, 
There was a positive correlation between BGA 

pigments and protein contents, and a negative 

correlation between carbohydrates and protein 
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Percentage of dry wt 
CV
 

Av Highest Lowest 
value value 

3.69 13.14 0.18 68 
29.70 1843.90 67.30 

6.26 13.40 1.78 42 

397A7 16.20 385 
0.13 640.98 2.00 
5.00 10414.60 50.80 

11.10 40 

10 5 .00b 4.40 4838.30 73.00 
46.50 

9.35 28.00 1.57 66 

6.36 24.10 0.00 77 
0.C 790.90 2.85 

contents and between dry weights and C contents. 

BGA may have a lower N content than pre

viously thought. High values (7-10%) frequently 

cited in the literature are not representative of BGA 

growing in natural environments. 
The C:N of BGA averaged 7.5 and ranged from 

studies indicated that4 to 16. Mineralization 
9) and 64% (C:N = 4) of the Nbetween 33% (C:N = 


of incorporated BGA was mineralized for 3 wk.
 

ASSOCIATIVE NITROGEN FIXATION
 

Soil Microbiology Department 

Nitrogen-fixing bacteria from rice plant. Pseudo
monas. The most dominating N2-fixing chemo
lithotr"phic bacterial isolates of wetland rice roots 

Table 7. N content of BGA. IRRI, 1982. 

Ncontent (%of dry wt) 

Max Min Data 
Av value value (no.) 

Data from the literature,mainly strains at expo 7.3 13.4 2.4 50 

nential phr 'eof growth 
and "laboratory strains" ' a 

IRRI strains at end of 5.5 8.3 3.5 22 
exponential growth phase 

IRRI strains more than 1 4.5 8.0 1.8 24 

month old 

Field samples 3.65 6.7 1 .8b 7 

aAfnabena, Anacystis, and Spiruhlna comprise 60% of the 

genera studies. bAsh content was almost 50%. 



were identified as a previously unknown species of 

Pseudomnonas.Several such isolates were obtained 

from the histosphere of 1R26, Latisail, and Khao-

lo and from wild rices Or*-a punctata and 0. 
H8 KLH76, isolatedaustraliensis. Strains and 

from the histosphere of IR26 and Khao-lo, re-

spectively, werL selected for extensive biochemical 

and immunological characterization. 

Ouchterlony gel immunodiffusion showed that 


H8, KLH76, Pseudomonasfacilis,P. cepacia, P. 


putrefaciens, and P. aeruginosa had at Ilast one 


heat-!abile agar-diffusible antigen, suggesting that 


H8 and KLH76 belong to Pseudomonas. The 


absence in H8 of a strongly positive FA reaction to 


any of the Psetudomonas species tested suggests 


that H8 is different from any of those species. All 


isolates from the rice histosphere could be differen-

reaction into two
the of 

serogroups, i.e., H8 and KLH76. 

The extensive morphological, cultural, and bio-

tests also justify the identification of a 

tiated on basis FA 

chemical 
new species of diazotrophic Pseudomonas.Strains 

H8 and KLH76 resembled P. cepaciamore than P. 

facilis. The similarities (simple matching coeffi-

cients) among these organisms, based on 81 bio-

chemical characters, are as follows: between H8 

and P. cepacia, 74.1%; KLH76 and P. cepacia, 

71.6%; H8 and KIH76, 90.1%; H8 and F.facilis, 

63%; KLH76 and P.ficilis, 63%. Some essential 
H8/KLH76differences, hcvever, exist between 

norand P. cepacia. P. cep,'ia neither fixes N2 

cystosirie (G +utilizes H., has a higher guanine --

C) content of DNA than H8, and is negative for 

arginine dihydrolase. On the other hand, H8 and P. 

facilis have similar G + C contents, H8/ KLH76 

and P. .acilis are able to utilize H2 and have 

arginine dihydrolase. P.facilis, however, does not 

fix N2. 
A formal description of the Pseudomonas sp. 

type strain H8 follows. 
o Cells are short, rod-,haped, Gram negative, 

motile 	by a single polar flagellum. 
round, white, glistening, entire,• Colonies are 

and slightly convex on tryptic soy agar, and 

turn brown in old culture. 

" Cells accumulate pol-beta-hydroxybutyrate 

as a C reserve material. 
* The organism is aerobic but fixes N,, under 

microaerobic conditions. 

e Oxidase and catalase are produced. 

* Dinitrification does not occur.
 

e It is facultatively chemolithotrophic in 
 an 

atmosphere containing H2 , 02, and CO2 

gases. 
e The G + C content of thc DNA is 63.8 % mol. 

acid- and gas-Enterobacteria. N.,-fixing and 
enumerproducing enterobacteria were isolated, 

ated, and characterized biochemically and immun

ologically. Strains of E cloacae were isolated from 

the roots of both dryland and wetland rices and 

strains of K. planticolafrom the leaf sheaths of a 

deepwater rice. 
The FA cross reactions of several strains isolated 

from rice roots and leaf sheaths with FAs against 

E. cloacae and K. planticola showed a separation 

of the two genera into two serogroups. Both FAs 

were specific to the genus level only. However, the 

cross reactions in gel immunodiffision were exten-

Most of the enterobacteriasive and widespread. 

tested produced at least one heat-labile or heat

stabie precipitation band with both the antisera. 

The population of N,-fixirg enterobacteria in 

the rice root and stem ranged from l1 to I"/gdry 

quite lowcompared with N,-fiXingweight,which is 


P, udomonas and Azospirillutn. More than 75% 

found be E. cloacae, asof the isolates were to 


identified by the FA technique.
 

Direct counting ofjpredominantnitrogen-fixing 

root bacteria by the fluorescent antibody tech

nique. Conventional microbiological methods for 

the enumeration of bacteria are tedious, time 

consuming, indirect, and inaccurate, The FA tech

nique promises to overcome these problems and 

offer additional advantages for field study. 

of N2-fixing Pseudonionas,The populations 
Azospirillum lipoferum, and A. brasilense in the 

root of IR8 (heading stage) were counted by 

treating the root extract smear with respective FAs. 

FA counting was compared with the direct plate 
(MPN) methodsand most-probable-number 

(Table 8). About 100 times higher populations of 

Pseudomonaswere recorded by FA counting than 

by either direct plate count or the MPN method. 

The population of Azospirillunm was also higher 

than that determined earlier by the MPN counts. 

Inoculation of nitrogen-fixing bacteria. Inocula

tion of sterile rice seedlings. Major genera of N2

fixing bacteria (Pseudomonas, Azospirillum, and 
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Taole 8. Peudomonaa mnd Azospirilla (A. Ilpoferun and A. bruIlense) population asoclated with fertilized and unfer

tilized weland rice root. (IRS) udetmined by direct plate count, MPN, and FA terhniques. IRRI, 1982. 

oactarla (no./g fresh root) 

Counting techn!que Pseudomonos Azosplrill* 

Fertilized Unfertilized Fertilized Unfertilized 

MPN of N2 fixersb 
Plate countc 
FA countd 

1. X 107 

3.6 X 107 

2.61 X 10 9 

1A X 107 

1.5X O7 

1b84 X 109 

nd 
nd 

3.93 X 108 

nd 
nd 

3.18 X 108 

not determined. bAv of duplicates. Tubes In the highat dilutions mostly contuined Pseudomones. CAr of dupli
and 

cates, with four plates Ineach replicate. The plating medium wu 0.1% tryptlc soy broth (Dlfco) with 1.5% Noble agar 

(Dlfco). Pseudomonas colonies were identified on the basli of colony morphology, pellicle formation and ARA. dAy of 

duplicates. For Pmudomonas counting root extract smear was treated with FA of H8 while for the counting of Azospl

treated with a mixture of two FAs, 34H, A. Ilpoforum, and 38H2, A. braslenst. 
rilla, smear was 

enter obacteria) from the rice plant were inocul :-ed 

to the sterile rice seedlings to compare N2-fixing 

activity associated with rice. Sterile germinated 

IR36 seeds were transferred to a 3-cm diameter test 
inorganic semisolid mediumtube containing an 

with a small amount of N as NH4NO3. Bacteria 

suspension was inoculated 2 dafter the transfer cf 

germinated seeds. After being growxi under artifi-

cial light for 5-6 wk, the rice plant showed N 

deficiency. Then the ARA of the rice plant (either 

whole plant or root) was measured for 24 h at 4% 

2H4 / tuke (unino-02. ARA varied from<5 ninol CQ
to 200 nmol C2H 4/tube. Azospirillumculated) 

lipoferum showed higher activ-*j than A. brasilen-

se. Pseudomonas H8 and t13 strains also showed 

ARA associated with sterile seedlings. In these 

assays, ARA variation among tubes with the same 

strain was great and indigenous ethylene evolution 

was large. 
The spermosphere model technique was also 

used. Rice seeds were germinated in the dark on 

yeast extract containing a semisolid medium. A 

thick bacterial suspension was inoculated and 

ARA was measured in the dark for 6 d. The 

presence of the germinated seeds greatly stimulated 

ARA.TheARAofriceseedlingswithAzospirillum 
lipoferum 34H, Pseudomonas, A. bras lense, and 

Klebsiella plamicola decreased in this order. The 

spernosphere technique is being used to screen the 

N2-fixing activity of various bacteria-rice associa-

tions. 
Pot experiments. Cell suspension mixtures of 

five strains (Azospirillum lipoferum FS, A. brasi-

lense 36H2, Pseudomonas sp. H8, Klebsiellaplanti-
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cola LL4, and unidentified slow-growing Gram

negative rods) were solidified in agar. The agar was 

cut into pieces of about 6-mi volume. Maahas, 

Maligaya, Pili, Luisiana, and Labo soils were used. 

The soils were put into 3-liter pots with and 

without N (60 kg urea N/ha). IR36 was trar*
ag-., pieceplanted into pots and 3 wk later one 

containing bacteria suspension was deep-placed in 

each pot. ARA assays were made at heading stage. 

Then, bacterial populations of washed and mace

rated roots were counted. ARA was increased by 

inoculation only in unfertilized Labo soil. Ade'tion 

of urea did not suppress ARA associated with 

plant and N2-fixing population. In Pili soil, plant N 

fertilizer increased the ARA associated with rice. 

Plant growth (dry weight of the above-ground part 

at heading stage) was not stimulated by inoculation. 

Inoculation trials were conducted using Luisiana 

soil (pH 4.7, total N = 0.21%) in which the N2

fixing activity and bacteria population were lower 

than those in IRRI's field. A. lipoferum 34H, and 

were inoculated separately.Pseudomonas sp. H8 
1R36 seedlings were dipped in a bacterial suspen

sion (108/ml) overnight. Bacteria were absorbed at 

101- 104 / seedling. At 10 DT, 5ml of bacteria suspen

sion was injected along the seedling in each pot. 

Tillering and booting occurred earlier in inoculated 

treatments than in the uninoculated control. The 

a higher grain-fillinginoculated plants had rate 

and, hence, a higher grain weight thnn the unino

culated control. To study if inoculation increased 

the contribution of biologicaily fixed N to N 
15N ammonium wasrntrition of the rice plant, 


added in some pots. However, the inoculated and
 



15N contents.uninoculated plants had the same 

ARA associated with rice was measured at maxi-

mum tillering, early flowering, and late flowering 

stages. Only at the early flowering stage was ARA 
treatmentssignificantly higher in the inoculated 

(both 34H and H8) than in the control, and the 
bacteria in rhizosplanepopulations of N.,-fixing 

were higher in each inoculated treatment. It appears 

that the inoculation could enhance N.,-fixation, but 

this eff2ct was prob' - too low to be reflected in 

the N nutrition of rice plant. Therefore, it is likely 

that the observed yield increase by the inoculation 

was not due to biological N2 fixation. 

In the field of Luisiana soil (pH 4.7), Azospi-

rillum lipoferum 34H, Pseudomoriassp. H3, and 

Enterotactercloacaewere inoculated to IR42. The 

bacteria suspension (107/ml) was gelatinized by 

agar and the rice seedlings were dipped overnight 

into the semisolid agar. Rice growth was depressed 

by the inoculation of Enterobacterat an earlier 
and 89 DT, ARA andstage. At 28, 42, 63, 

populations of N2-fixing Pseudomonas, Azospi

rillum, and Enterobacterwere counted on selective 

media for each group of bacteria. No difference in 

ARA was observed between uninoculated and 

inoculated treatments. No evidence was obtained 

that the inoculated bacteria were established in the 

histosphere of the rice root and the lower portion 

of shoots. 
Probably, in the field, the physicochemical 

conditions for the survival of the inoculated bac

teria were limiting. 
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FERTILITY EXPERIMENTSLONG-TERM 

Agronomy Departflent 
IRRI. The 37th (DS) and 38th (WS) croppings 

were completed at IRRI in 1982. In the DS, the 

yield trends attributed to the addition of various 

NPK levels were similar for all test varieties. IR42 

had the highest yield in plots where 140-13-25 kg 

(N, P, K)/ha from inorganic sources was applied, 

Table I shows a highly significant yield response 

to 140 kg N/ha. When P or K, or both, were also 

applied, yield was not significantly higher. Yields 

were statistically similar whether or not 24 kg N 

from compost was included as part of the N in the 

140-13-25 kg (N, P, K)/ ha rate. Plots wh':e either 

P or K was applied alone yielded similarly to the 

control plots. 

During the WS, response to N applied alone or 


K, or both, was more
in combination with P or 


pronounced with IR36 and IR42. IR8 showed no 


distinct yield response because of its susceptibility 

to virus disease. There was no significant response 

to P or K alone. 
High-analysisfertilizers. To investigate the 

effects of continuous use of high-analysis fertilizers 

Table 1. Yiald response of IR8, IR36, and IR42 to NPK 
con-

fertilizer application in the 37th (DS) and 38th (WS) 


secutive crops. IRRI, 1982. 


Yield (t/ha)Fertilizer (kg/ha) 

Na IR8 IR36 IR42P K 

DS 
de

0 0 0 3.1 f 3.5 ef 4.1 

140 0 0 5.6 bc 6.3ab 6.6a 

0 13 0 3.3 ef 4.2 de 4.1 de 
3. ef 4.1 de0 0 25 3.1 f 

0 bc 6.8 a 6.9 a140 13 5.6 

140 0 25 52 
 c 6.3ab 6.7a 

7.4 a140 	 13 25 5.4 bc 6.8 a 
13 25 4.9 cd 7.0 a 7.1 a 

14 0b 

29 b 2.2 bcd0 0 	 2.0 cd0 
60 	 0 0 2.4 bcd 4.5 a 4.2a 

2. bc 2.4 bcd
0 13 0 2.4 bcd 

2.4 bcd
0 0 25 2,0 cd 2.6 bc 


13 0 2.4 bcd 4.6a 
 4.3a
60 
60 	 0 25 1.6 d 4.4a 4.1 a 

2.5 bc 4.6 a 4.2a
60 13 25 	 4.1 a13 25 2.8 bc 4.6a 
6 0 b 60b 

_13_25_2__e_4.6a_4.1 aNPK 

alncludes 40 kg N/ha topdressed 5-7 DBP! during the DS 

and 30 kg N topdressed 5-7 DBPI during the WS. bN10 t 

compost/ha applied every cropping season with the 

balance coming from inorganic N source to make up for 

the rate stipulated for that season. 
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on the soil's natural capacity to supply S, a long

term experiment was initiated during the 1982 WS. 

test variety. Table 2 shows soil
IR56 was the 
analyses before the experiment began. 

N fertilizer alone increased yield significantly. K 

did not increase yield. No marked yield 

increase resulted from an application of P alone or 

in combination with N or K (Table 3). 

Yield responses were significant in plots receiving 

NPK treatment. However, there were no significant 

differences in yield among NPK, NPK + straw, 

and NPK + azolla. 
Philippine Bureau of Plant Industry stations. 

alone 

no
Maligaya. In the 29th (DS) crop, there were 


responses among the varieties to the

significant 

N PK levels. There was significant yield response to
 

140-kg N/ha application (Table 4). However,a 

and physical properties of soil in Block 
Table 2. Chemical 


new IRRI farm. IRRI, 1982 WS.

421, 


Analysis
Soil property 

pH (1:1, soil:water) 6.2
 
Organic matter (%) 2.A
 

0.12Total N (%) 
14.0
Available P, Olsen's (ppm) 


Exchangeable ceatiun (meq/100 g) 
1.3
17.0KCa 8.3

Ca 
3.3Na 

a 	 35
CEC (meq/11. g 

0.35
Available Zn (ppm) 

40.0Available S (ppm) 
1220Total S(ppm) 

Silty clay loam
Texture 

aCEC = cation exchange capacity. 

3. IR56 yi3ld response to 10 fertilizer treatments.Table 

IRRI, 1982WS.
 

'ield tha)Treatment' 

2.34 bc 
Check 3.38 a
N 2.30 bc 
P 2.43 bc
K 2.04 c
 
NP 2.72 b
 
P 

3A5 a
N K 	 3.45 a 
NPK 
 3.34 a
+azollab 

b 	 3.28 a
NPK + stra 

IN as urea at 60 kg /ha; P as triple superphosphate at 18 

kg P/ha, and K as muriate of potash at 33 kg K/ha.b2/3 

of N came from urea, 1/3 from azolla or straw. 



Table 4. Yield response of IRS, IR36, and IR42 to NPK fertilizer application during the 29th MDS) and 30th (WS).consecutive crops at Maliga.a Rice 

and Training Center, Maligaya, Mufioz, Nueva Ecija, and Bicol Experiment Station, Pill, Camarines Sur, and in the 11th DS and 15th WS 
Research 

crops at the Visayas Experiment Station, Hamungaya, Jaro, Iloilo. 1982.
 

Yield (tlha) 

Fertilizer (kg/ha) VisayasBicolMaligaya 

Na P K IR8 IR36 IR42IR36 IR42
IR8 IR36 IR42 IR8 

Dry season d 1.2 cd 
0 0 0 1.8 g 2.1 g 2.0 g 4.6 f 3.0 g 4B 

1.7 bcd 2.2 bc 
f 1.3 cd 1.1 

fg 6.1 de 6.8 cd 22 bc 
140 0 0 3.8 ef 42 de 4.6 de 3.7 

4Aa 4.1 a 4.6 a 
52 cd 6.9 cd 6.8 cd 8.2 ab6.5 ab140 26 0 6.0 bc 1.5 cd 1.7 bcd 2. bc 

ef 4.1 f 5.6 e 73 bc 
140 0 50 3.8 ef 2-9 fg 3.8 

7.7 abc 8.4 a 4.3 a 4.1 a 4.9 a 
6.8 ab 7.3 bc140 26 50 6.7 ab 7.4 a 

8.2 ab 4.9a 4.0 a 4.8a 
6.6 ab 6.7 cd 7.3 bc

140 26 50+25 6.9 ab 7.1 ab 
Wet season 

fg 18 g 2.6 fg
j 2.7 j 2.6 j 2.7 

0 0 0 1.9 f 2.4 ef 2.0 f 2.7 
fg 4.1 e 2.6 fg 4.6 cde3.8 hi 4.6

0 0 1.9 f 3.3 bcd 2.5 ef 4.3 gh
70 5.9 ab 4.5 cde 6.7 a 

4.4 abc 4.6 fg 5.1 ef 5.7 bcd 
70 26 0 3.4 cde 4.6 ab 2.7 fg 4.7 odei 5.9abc 3.7 ef 

0 50 2.2 f 4.2abc 2.7 def 4.1 ghi 3.6
70 6.0 abc 5.5 bcd 4.6 ode 6.3 ab 
70 26 50 3.9 bc 42 ab 5.2a 5.3 de 5.5 cde o 5.6 abc 4.4 de 6.2 ab

bcde 6.3 a6.1 ab 5.6bc 5.2a 4.6 ab70 26 50+25 3.9 
z 

alncludes 40 kg N during the DS and 20 kg N/ha, during the WS, topdressed 5-7 DBPI. 

z 

.M 
z 

0 



and 13th (WS|,consecutive
ol IR36 and IR42 to NPK fertilizer application in the 12th (DS)

Table 5. Yield response 

crps, Luisiana, Laguns; and 10th DS and 11th WS consecutive crops, Tansy, Rizal, Philippines, 1982. 

Yield (tlha) 

TaneyLuislane 

DS
WSDS
Fertilizer treatments 

IR42 IR36 IR42
IR36 IR42 IR36 

ef 3.1 de 2.5 d
3.3 	 d 3.0 d 2,0 de 2.1 

c 3.1 c 42 bcControl 4B b 
N 	 4.2 b 4.2 c 2.9 

3.3 d 3.0 c 
p 3.3 d 3.7 c 2.3 d 2.5 do 

cd 2.8 d 1.8 e21) f 2A f 2.3 d3.4K 
3A b 3.7 b 4.6ab 511a

N+P 4.0 bc 5.2 b 
23 cd 2.8 ef 3.1 cbc 3.9 c 2B c 

c 4.1 c 52 bP+K 3.9 

N+K 31 bcd 5.6 b 3.0 c 3.1 
508a 4.9a 5.6 a5.3a 6.3 a 4.0 aN+P+K 

120 kg/ha DS,60 kg/he WS; P:18 kg/ha, and K:33 kg/ha both seasons. CV at Luisiana -
ON: 

WS 

IR36 IR42 

2.3 d 4.0 d 
3.ab 4.9 bc 
29 c 4.7 c 
2A d 4.2 d 
3.Bab 5.4a 
29 c 4.7 bc 
3.6 b 5.1 ab 
4.0 ab 5.58 

8.8% DS,8.5% WS; at 

Taney - 7A% DS,7.0% WS. 

there was no advantage in applying N and K 

together. NK even significantly decreased IR36 
and P were appliedyield. However, when N 

together, there was a significant yield increase, 

IR36 nad the highest yield with a fertilizer rate of 

140-26-50 kg (N, P, K)/ha. Increasing K to 75 

kg/ha (25 kg applied with the last N dose at PI)did 

not provide a significant yield increase over the NP 

treatment. 
During the 30th (WS) crop, the yield response to 


various NPK levels differed among the varieties. 

IR42 responded favorably to 70 kg
IR36 and 

N/ha, but IR8 did not. The three varieties had 

higher yields with NP than with NK treatments. 

The varieties responded differently to the increased 

K rate. 
Bicol. During the DS, IR42 had the highest yield 

with a fertilizer rate of 140-26-50 kg (N, P, K)/ha. 
and IR42 responded significantly to NIR36 


application. 

During the WS, highly significant yield increases 

were obtained with 70 kg N/ha. All three varieties 
yielded highest when supplied with 140-26-75 kg 

(N, P,K)/ha (Table 4). Response to various NPK 

levels differed among varieties. 
Visayas. In the DS, the various NPK levels had 

similar effects on ihe yields of all three varieties. 

Yields resulting from NP and NPK application 

werecomparab~e 
Farmers' fields. The 12th and 13th cropp in 

Luisiana, Laguna, and the 10th and 11th croppings 

in Tanay, Rizal, were completed in 1982. 

In the DS, yield response to N in both soils was 

significant (Table 5). In Luisiana soil (pH 5.1), 

IR42 responded significantly to P alone. However, 
soil (pH 7.1), IR42 also respondedin Tanay 

significantly to Kalone. Significant responses to N, 

P,and K were coasistently observed in Luisiana, 

but not in Tanay. 
During the DS at Tanay, a 2-wk irrigation delay 

during the spikelet filling stage reduced yields. 

During both seasons in Tanay and in the DS in 

Luisiana, IR42 yielded more than IR36 when N 

was combined with either P or K. Similarly during 

the WS in Tanay, IR42 outyielded IR36 by more 

than I t/ha when Pand Kwere applied alone or in 

combination. 
Grain yield (g/pol)
 
40
 

30 

/ 
20 o0 

Pili V ' 7+7331 X-4530.6X' (R2=_O80) 

10 Prenso 0 ' 3+5365X-3130.9X' (R'094") 

OinQ 22+606]X-281.6X2' (R'--O.)
-- 14
 

t 0.98' )Luian Y" 9+301.1X-1520 2X' (RF

001 003 00 007 0C9 0,11 013 015 

P-concetaon (D
 

1.Response of IR36 to different soil solution P concentrations 
in four soils. IRRI, 1982. 
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Table 6. Four test soilsand their soil uries, textural groups, ivallab' i P levels, and P requirements to equilibrate at 0.07 

ppm and 0.09 ppm soil solution P concentration. IRRI, 1982 WS. 

P (ppm) added to Increase 

soil solution concn toAvailable P (ppm) 
Soil series Texture pH 

Olsen Bray 2 0.07 ppm 0.09 ppm 

5.3 2.9Sandy loam
Prensa 

5A 7.3

Quingua Silty loam 
Clay loam 5.4 4.9

Pill 
Luislana Silty clay 4.6 5.0 

BASED ON ADSORPTION ISOTHIERMS 

Agronomy Department 

During the 1982 WS, a greenhouse experiment was 

conducted to determine theexternal P requirement 

of rice using four P-deficient soils, based on Olsen 

and Bray 2 P determinations (Table 6), from 

different parts of Luzon, Philippines. The external 

P requirement is the optimum soil solution P 

concentration, which is in equilibrium with soil P, 

normal plant growth. 	 The soiladequate for 
solution P concentration was adjusted to different 

levels based on P-sorption isotherms. 
The results indicate the exteinal P requirement 

of rice is 0.07-0.09 ppm P (Fig. 1). However, 
a higher yield in the controlQuingua soil gave 

than the other soils, indicating antreatment 
increased availability under flooding, than deter-

mined by the Olsen and Bray 2 methods. 

G3in yield (tI/ha per crop) 

7 r Verf'so (Tresaw) Ulfsol (Lucbo7) 

6At-peet o0p1colex Reeo/A1C(J7 

5 -All 

.sHRP 
*I Phosphate roc (R local 

o SSP and HRP 

4 I 
 simil-r
 

42
29
1.1 

90 1,062.5 

205
175 

452
 

0.9 
359
0.6 

sources. Rice yieldFertilizer phosphorus re

sponses to P fertilizer are becoming more frequent 

soils are cropped more intensively and crop
as
yields are increasing from greater use of MVs. 

Indigenous or imported commercial phosphate 

rocks (PR) may offer low-cost P fertilizer, but the 

relative agronomic value of the materials must be 

determined to identify their potential role as P 

sources for rice. 
Two P source trials initiated during the 1977 WS 

in 1982 after II successivewere terminated 
croppings. Repeated P fertilizer applications for 

five crops gave mean maximum yield responses of 

0.5 t/ ha per crop in the WS and 2.0 t/ha in the DS 

(Fig. 2) on an Ultisol (silty clay, pH - 5.0, Bray 2 

- 5ppm). During the DS, single superphosphateP 
(SSP) was superioc to 	both HRP (a commer

cial apatitic) and local 	PR derived from guano, 
which gave similar yield responses. During the WS, 

yields were limited by factors other than P avail

(Lucbo'7)Verhisol(resa) 	 WWI~C 

ResidullResidual 

soufc.s 

each season" 
,-'-Dysoo
------- Al uuoessll 


0 176 35.2 52.8352 528
352 52.8 0 176 

528 0 17.6176 35.20 	
Phosphorus applied (kg P/ho per crop), repeat applicatins only 

2. Grain yield responses to fertilizer phosphorus and residual effects in phosphorus source trials ifn the Philippines. 
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ability and all sources gave similar yields. Mean 

yield responses for the three crops during the DS 

after P application was stopped (responses to 

residual P fertilizer) were as much as 2.1 t/ha per 

crop and were similar for all P sources. 

On a Vertisol (clay, pH -6.5, Bray 2 P- 3 ppm), 

mean yield increases to repeated P fertilizer 

applications were as much as 1.5 t/ha per crop 

during the WS and 2.7 t/ha per crop during 

the DS. 

Table 7. Soil characteristics before the trial on rate and 
method of P application. Lucban, Quezon, PhilippineL 
1982 DS. 

Soil property 

pH (1:1) 

Total N (%) 

Organic matter (%) 

Available P (ppm Bray 2) 

Perchloric P (ppm) 

CECO (meq/100 g) 

Available Zn (ppm, K&P) 

Texture 


"CEC - cation exchange capacity. 

Analysis 

5D 
0.19 
3.3 
5D 

660
 
18 

2.7 

Clay 

Table 8. IR36 yield response to rates and methods of P 
application. Luidana clay, Lucban, Quezon, Philippines. 
1982 DS and WS. 

Yield (t/ha)Treatment ____________ 

(kg P/ha) DS W 

Control (no P fertilizer) 3.1 c 2.0 b 
Band application 

57 49a 2.8 a 
B&Il 

119 5.2 a 3.0 a 
238 5.Oa 3.1 a 
475 5.1 a 3.0 a 

Slurry (seedling-dip) 4.3 b 2.6a 

aResidual Inthe WS. 

The relative effectiveness of the P sources were: 

WS: SSP > HRP (highly reactive phosphate as 

calcined iron aluminum phosphate)= PR 

(guano) 
DS: SSP > HRP > PR (guano) 

As on the Ultisol, yield responses to residual P 

fertilizer were similar among sources, but yield 

increases were greater on the Vertisol. 

Source rankings by relative effectiveness for II 

crops were similar to the rankings for five crops 

because responses to residual P fertilizer were 
similar among sources. 

When 88 kg P/ha was applied during five 
seasons, more than 22 kg of rice resulted from each 
kg of P applied as SSP on the Ultisol and 35 kg 

rice/ kg of P on the Vertisol for the II crops. In 

comparison, the PRs produced about 18 and 26 kg 
of rice/ kg of P on the two soils. Thus, the PRs were 
75-80% as effective as SSP when considering total 

yield responses. 

RATE AND METHOD OF PHOSPHORUS 
APPLICATION IN WETLAND RICE 
Agronomy Depariment 

In the DS, a new field trial was started on Luisiana 
clay in Lucban, Quezon, to evaluate rates and 

methods of P fertilizer application in wetland rice. 
The soil analysis in Table 7 shows that the 

available P was low and under the critical level. 
All treatments responded significantly to P in 

the DS and WS (Table 8). But it was the DS 
planting that indicated the differences among P

treated plots. Band applying 57 kg P/ha was as 
good as broadcasting and incorporating 119 to 475 
kg P/ha. The yield of IR36 in the slurry (seedling

dip) treatment was significantly higher than that in 
the control and comparable to that in the band 

treatment with 29 kg P/ha. 

Table 9. Effect of ZnO dip on yield of two rices on Zn-deficient soils. IRRI, 1982 DS. 

Yield (g/pot)OSoil characteristic 

Soil 

pH Org. C Zn IR26 IR34
 

(%) (ppm) 
Znl Zno Zni
Zn 0 

39 a 44 a 39a7.1 0.12 40 aBay 7.2 36 a
Tiaong 7.7 6.9 0.12 30 bc 29 c 33 ab 

OD6 24 c 50ab 37 bc 56a
Baluan 7.9 5.1 


OSeparation of means, in a row, by Duncans multiple range test at the 5% level.
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In the WS, typhoons catsed the crop to be under 
water for some time during the spikelet-filling 

stage, resulting in very low yields. However, the, 

was still significant response to the band and slurry 

methods. Likewise, the yields in the 119 to 475 kg 

P/ha B&I (residual P) treatments were superior to 

the yield in the control (Table 8). 

ZINC-DEFICIENT SOILS 

Soil Chemistry Department 

In the Philippines, Zn deficiency is a widespread 

yield-limiting factor in wetland rice. In some field 

trials, tolerant varieties either did not respond to 

Zn application or responded with a yield decrease 
(Fig. 3). In the greenhouse, an experiment was 

conducted on three Zn-deficient soils to determine 
the effect of dipping rice seedling roots in 2% ZnO 

solution on the growth of resistant IR34 and 

susceptible IR26. 
The two varieties had almost the same yield on 

marginally Zn-deficient soils to which Zn was 

applied. Only in the severely Zn-deficient soil from 

Baluan did both respond significantly (Table 9). 
Generally, ZnO dip reduced Fe, Mn, Cu, Ca, Mg, 

and Si uptake in both varieties. Zn application on 

marginally Zn-deficient soils is generally not 

advisable, especially when they are planted to 

resistant varieties.......
 
SULFUR STATUS OF SOME RICE SOILS IN LUZON, 

PHILIPPINES 
Agronomy Departmento 

Because of an increasing concern about S defi-

ciency in wetland rice, a survey on the S status of 

some rice soils in Luzon, Philippines, has been 

initiated. Soil-profile samples were collected in 

locations where uneven yellowing of leaves, 

reduced tillering, and stunted growth of the 

standing rice crop were observed. The soil sampl.s 

were analyzed for total S and sulfate-S and other 

soil properties. 
Sulfate-S content varied from 3 to 90,4 to 97, 3 

to 165, and 5 to 122 ppm at 0-20, 21-40, 41-60, and 

61-80 cm depths, respectively. Of 43 sites, 3 had 

S0 4-S lower than 9 ppm on the surface, 9 in the 

21-40 cm depth, 8 in the 41-60 cm, and 14 in 61-80 

cm depth. Nine parts per million of SO4-S in soil 

has been established as the critical level for rice. 
The 43 sites may be grouped into three categories: 

1)decreasing S04-S content as depth increases, 2) 

constant, and 3) increasing S0 4-S content as depth 

increases (Table 10). Many of the sites in which S 
lowerdecreased with depth had S0 4-S content 

than the critical level of 9 ppm in depths below 20 

cm. Similarly, total S was variable and inconsistent 

with depth. It ranged from 76 to 854 ppm in the 
topsoil, 64 to 1,210 ppm in the subsoil, and 97 to 

833 in the 41-60 cm depth and 81 to 854 ppm in the 

61-80 cm depth. Low levels were obtained in light

and heavy-textured soils and in slightly acid and 

alkaline soils. 

RESPONSE OF WETLAND RICE TO APPLIED 
SULFUR 
Agronomy Department 

To confirm early reports on the increasing inci

dence of S deficiency in the Philippines, four areas 

in Luzon suspected to be S-deficient were initially 

Gonyi 01he) 

4 
[No Zn added 

3 F-zn added 
...
 

2 

.
 

R9764- R11248- R13146-
R2071- 1R8192- IR8192-

45-2 83-3 41-3685-3 31-2 156-2 

3. Effect of Zn on the yield of some rice lines in a peat soil. 

Famy, Laguna, Philippines, 1982. 

Table 10. Three groups of sites in Luzon, Philippines, ac

cording to the trend in S04-S content by soil profile 

depth. IRRI, 1982. 

S04-So (ppm) at 

Sites soil profile depth of 
s4-s trend (no.) 

0-20 21-40 41-60 61-80 
cmcmcmcm 

9Decreasing 16 23 14 11 
1411 15 14 15Constant 556 29 43 61Increasing 

'Av value of the sites within each group. 
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Table 11. Effects of added S on the yield of BG400-1 In four Luzon soils. IRRI, 1982 WS. 

Yield (g/pot) 

TreatmentO 
(kg S/ha) Mufloz, 

Nueva Ecija 
Talavera, 

Nueva Ecija 
Botolan, 
Zambales 

Candelcria 
Zambalas 

0 
20 
40 

76a 
67 ab 
71 ab 

65 bc 
69 ab 
67ab 

7 
53 
55 

f 
e 

de 

68 
54 
56 

bcd 
de 

cde 

8S was added as ammonium sulfate, B&I. 

tested for response to added S in the greenhouse 	 showed a tendency to respond to added S. Addition 

of S in the Candelaria soil tended to depress yield.
(Table I1). 

Response was significant on a S-deficient Bancal
Maligaya clay loam in Mufioz and Quingua clay 

clay (5 ppm S0 4-S) in Botolan, Zambales, where 
loam in Talavera, both in Nueva Ecija, and 

addition of 20 kg S/ha resulted in a 600% yield
Quingua silt loam in Candelaria, Zambales, which 

norespec- increase. However, doubling the S rate gave
contained 36, 10, and 39 ppm of S0 4-S, 

further yield advantage.tively, did not respond significantly. However, the 

Talavera soil which contained 10 ppm S0 4-S 
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NITROGEN FERTILIZER EFFICIENCY FIELD 
TRIALS 
The series of trials on N fertilizer efficiency in 

irrigated, rainfed, medium deep, and deepwater 
rice under the International Network on Soil 

Fertility and Fertilizer Evaluation for Rice 
at the IRRI farm.(INSFFER) were continued 

Some of these experiments were also conducted in 

farmers' fields in the Philippines. 
on aIrrigated. Irrigated trials were conducted 

silty clay soil in Victoria and Famy, Laguna, in the 

DS and WS. 
Soil characteristics based on analyses before 

trials began are in Table 1. 
In both seasons, the yield response of IR36 to N 

from all sources was significant (Table 2). DS 
yields were higher in Victoria, but the highest 
response of 3.3 t/ ha was obtained in Famy. Sulfur-
coated urea (SCU) in many instances gave higher 
yields than prilled urea (PU). But in most cases, the 

yield responses to urea supergranules (USG), PU, 

and SCU were comparable. In the WS, the crop at 
Victoria was under water for some time in the 

active and maximum tillering stages. This caused 
lodging in the SCU treatments at 87 and 116 kg 
N/ha. Lodging was not recorded in Famy because 
the crop was established I mo later than in 

Victoria. 
The DS results suggest that 87 kg N/ha was 

optimum for both sites. But the WS results show 
that the optimum rate was 58 kg N/ha in Victoria 

and 116kg N/ha in Famy. This variability can be 
related to the initial soil N. Both sites had the same 
soil total N of0.20% in the DS, whereas in the WS, 
Victoria soil had a higher soil N(0.31%) than Famy 

soil (0.21%). The very high total N of Victoria soil is 

another factor that caused the lodging. 
During the 1982 DS, INSFFER trainees con

ducted a field trial on different forms of urea and 

their mode and timing of applications at the IRRI 

farm to evaluate N fertilizer efficiency in wetland 
rice. Results with IR9729-67-3 (100- to 105-d 

maturity) showed that deep placement of two

thirds of the N in the form of USG at transplanting, 
and topdressing the remaining third in the form of 
PU at 21 DT gave the highest yield. Broadcast and 

incorporated (B&I) SCU, and deep-placed USG at 

transplanting gave the second highest yield 

(Table 3). Yields obtained with these forms and 
application techniques were significantly higher 
than those obtained with researcher's split and 
farmer's split applications of PU. 

Rainfed. In a rainfed rice trial conducted on 
Binangonan clay soil in Teresa, Rizal (Table 2), 

response to N was highest (1.4 t/ha) on USG

treated plots at 58 kg N/ha. Because the crop 
suffered moisture stress at about heading and 
during spikelet-filling stages, the fertilized plots 

were affected most. Consequently, yields were 

much lower than those in irrigated trials. Although 
the soil N was very low (0.10%), control plots and 

plots treated with PU at 29 and 58 kg N/ha were 

Table 1. Chararteristics of soils for INSFFER trials. Farmers' fields in Victoria and Famy, Laguna, and Teresa, Rizal, 

Philippines, 1982. 

DS 
Soil property 

Victoria Famy Victoria 

pH (1:1) 

Total N (%) 

Organic matter (%) 

Available pb (ppm) 

Exchangeable K (meq/100 g) 

Exchangeable Ca (meq/100 g) 

CECc (meq/100 g) 

Available Zn (ppm, K and P)d 


6.3 4.7 6.5 
0.20 0.20 0.31 
4.1 3A 5.4 
4.2 5.8 2.7 
0.18 0.10 0.28 

26 10 26 
43 26 44 

nil 4.0 nil 
Perchloric Fe (ppm) 46800 88 500 41 900 

Silty clay Silty clayTexture Silty clay 
Soil series Calumpang Antipolo Calumpang 

aRainfed trial in Teresa. bOlsen Pfor Victoria and T'jresa and Bray2 Pfor Famy. cCEC 

and P= Katyal and Ponnamperuma. 
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5WS

Famy Teresa 

5.3 6.5 
0.21 0.10 
3.4 1.8 
5.3 12.0 
0.16 0A7 

11 26 
28 35 

3.7 03 
S'd 500 57 000 

Silty clay Clay 
Antipolo Binangonan 

= cation exchange capacity. dK 



silty cly in Victoria,
methods of N fertilizer application. Calumpan,

2. IR36 yield responsas to sources andTable 
Laguna; Antipolo silty clay in Ferny, Lawns; and Binangonan clay in Teresa, Rizal, Philippines. INSFFER, 1982. 

Urea form Application
method 

No N fertilizer 

PU Split 
SCU B&I 
USG Placement 

PU Split 
SCU B&I 
USG Placement 

PU Split 
SCU B&I 
USG Placement 

PU Split 
SCU B&I 
USG Placement 

Yield (t/ha) 

Irrigated 
DS 


Victoria Femy 


4.2 

5.1 
6.3 abc 
5.3 

f 3.1 e 
58 kg N/ha 

a 4.5 d 
4.7 d 

de 4.7 d 
87 kg N/ha 

5.7 abc6.1 bc 
6.8 a 6.0 ab 

5.6 bc6.4 ab 
116 kg N/ha 

5.7 cd 5.4 bc 
6.0 ab6.6 ab 

6.3 abc 5.1 cd 
174 kg N/ha 

6.5 ab 6Aa 
6.1 ab 

6A ab 5.5 bc 
6.5 ab 

Only at 58 kg N/ha werealso comparable. 

differences observed among N sources; USG was 


superior to PU but comparable to SCU. 

Medium deepwater rice. To evaluate N sources, 

rates, and application methods, a trial was con-

ducted during the 1982 WS at the IRRI farm as 
part of the second international trial on nitrogen 

of the
fertilizer efficiency in deepwater rice 

INSFFER Program. IR42 was the test variety and 

the water depth reached a maximum of 50 cm. 

IR42 showed no significant increase in yield with 

PU, SCU, or USG applied at 29, 58, and 116 kg 
N/ha (Table 4). Early flooding during stand 

establishment may have affected I R42 performance 

with various N treatments. 
Urea applied as foliar spray near panicle initia-

tion (PI) showed no advantage over basal or deep

placed urea fertilizers. 
Plant N content (%) was higher at 30 DT than at 

PI because of high N absorption (Table 5). More-

over, N uptake by plants was higher with higher 

rates of application, 
Deepwater rice. An experiment on N fertilizer 

efficiency in deepwater rice was continued during 

the 1982 WS at the IRRI farm using RDI9 at a 

WS 

Victoria Famy 

3.2 

3.7 
4.5 
4.0 

3.6 
5.3 a 
4.9 eb 

4A 
4A 

g 2.8 
29 kg N/ha 

efg 3.2 
bcd 39 

def 33 
58 kg N/ha 
fg 4.8 

4.3 
4.6 

87 kg N/ha 
ode 5.0 
cde 4.9 

5.05.0 abc 
116 kg N/ha 

5.54.9 abc 
6.0 a4.7 abc 
5.4 bc5.2 ab 

OSplit application: 2/3 urea B&I at planting time, and 1/3 topdressed 5-7 DBPI. 

9 

9 
f 
f 

de 
a 

de 

bcd 
cd 

bcd 

b 

Rainfed 
Teresa 

3.0 a 
29 kg N/ha 

3.2 de 
3.5 ode 
3.7 bcd 

58 kg N/ha 
3A cde 
3.9 abc 
4.4 a 

87 kg N/ha 
3.Z bod 
42 ab 
4.0 abc 

Table 3. Yield responses to form, mode, and timing of N 

application. IRRi, 1982 DS. 

Treatmenta 

No Nfertilizer 
PU, researcher's split (2/3 basal + 

1/3 at PI) 
PU, farmer's split (2/3 at 21 DT +1/3 at PI) 

SCU, B& I, all at 0 DT 

2/3 SCU + 1/3 PU, B& I, all at ODT 

2/3 SCU, B& I at 0 DT + 1/3 PU, 
topdressed at 21 DT 

USG deep placement, all at 0 DT 
2/3 USG deep placement at 0 DT + 


1/3 PU, topdressed at 21 DT
 
2/3 USG deep placement at 0 DT + 


1/3 PU, topdressed at PI 

IN rate = 87 kg/ha. 

maximum water depth of 100 

were PU, SCU, and USG. 

(t/ha) 

2.7 
6.2 bcd 

5.9 d 

6.7 ab 
6.0 cd 
6.3 abcd 

6.6 ab 
6.8a 

6.5 abc 

cm. Urea sources 

Blanket B&I application of P at 10 Kg/ ha and K 

kg/ ha was done during the last harrowing.at 33 
The water depth was increased 5 cm/d starting 

at 30 DT and maintained to the desired depth of 

100 cm until harvest. 
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4. IR42 yield responses to various urea sources, rates, and application methods at a maximum water depth of 
Table 
50 cm (medium deepwater). Second INSFFER trial, IRRI, 1982 WS. 

Yield8 

Rate (t/ha)Application method (/aRate(kg N/ha)Urea source 

2.4 c 
0Unfertilized control 	 2.7 abcB&l 

2.7 abcPU 	 29 
2/3 B & I + 1/3 foliar spray of urea

29PU 	 2.5 bcB & 129SCU 	 Point placement 2.7 abc 
29USG 	 2.8 abcB & 158PU 	

2 /3 B & i + 1iP ;'drspray of urea 3D abc 
58PU 	 3.1 abB&I58SCU 	 3.1 abPoint placement58USG 	 3.3 aB & 1116PU 	

2 /3 B & I + 1/3 foliar spray of urea 3.2a 
116PU 	 2.7 abcB & 1116SCU 	 2.8 abcPoint pl~amment116USG 

aAv of three replications. 

Table 5. N content of IR42 at two growth stages ab affected by urea sources, rates, and application methods at maxi

trial, IRRI, 1982 WS.
 
water depth of 50 cm (medium deepwater). Second INSFFER 

mum 

N contentS (%)
 

Application methodRate 30 DT PIUrea source (kg N/ha) 

2.54 d 1.46 bc 
0 	 cUnfertilized control 	 2.78 cd 1.37 

29 B&1 1.49 abcPU 	 2/3 B & I + 1/3 foliar spray of urea 2.58 d 
29PU 	 3A4 ab 1.42 bc 
29 B & 	 cSCU 	 3.21 bc 1.38 

Point placement29 1.56 abc 
58 

USG 	 3.37 abB & 1.62 abcPU 	 2/3 B & I + 1/3 foliar spray of urea 3.22 bc 
58PU 	 bc 1.63 abc3.13
58 B & I 	 c1.35 
58 

SCU 	 3.32 abcPoint placement 1.58 abcUSG 	 3.81 a
B &

PU 116 	 3.31 abc 1.41 bc 
2/3 B & I + 1/3 foliar spray of urea116PU 	 3.25 bc 1.75 ab 
B &116 1.82 a 

116 
SCU 	 3.57 abPoint placement
USG 

aAv of three replications. 

INSFFER INTERNATIONAL TRIALS 
At 29 kg N/ha, all N sources performed equally 


well. However, point-placed 
 USG at 58 kg N/ha 
Fertilizer efficiency trials. Preliminary results from 

than B&I SCU 
gave significantly higher yields 	

on nitrogen fertilizerthe fifth international trial 
(Table 6). Urea applied as a supplementary foliar 

in wetland rice were reported. Of the 23 
over urea efficiencyPI showed no advantagespray near 	 wereeight countries, threetrials at 21 sites in 

applied as a full basal dose, B&I. 
conducted during the DS and 20 during the WS. In 

Deep point-placed U SG gave the highest RD 19 

yield (3.5 t/ ha) at 29 and 58 kg N/ha. This suggests 	 general, the advantage of SCU and USG over PU 

was more apparent at lower rather than at higher N 

that the application of 29 kg N / ha was adequate to 

rates (Fig. 1). With point,-placed USG, yields were 
stern 

consistently lower in more trials at higher N ratesobtain that yield; however, RDI9 suffered 

borer damage, which rc:-ited in lower yields than 
than with split-applied PU (Table 7). At one Indian 

reported earlier, 
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u/Sc 

SCUYield difference (t/ha) 

2 

-1 ::Dry season Ewet season 

.
-2 

2 58(87)N . 56 (87)N 

-2 Ei,'m'mP
 
2 8 

87(116) N 
I C 

0 

-2 

167)
116(174) N 

0o 2 

1-
India >-t four r wyl wpennew a)Inico-2 Phippines 

1 3 5 7 9 11 13 15 17 19 21 23 
3 5 7 9 11 13 15 17 19 21 23 - 1 


Trial no.
 

N applied asSCL). li&l,(or IJS(i. poit-tplaced.contpaied with I11. best split 
I. signliticanlit ild increase ordecrease in 23 trials witt 

rice. I NS FF R, 1981 -8-2. 
intte rtatioltal rja ittrogn fert ili/cr elficiency in irrigatedrml nat tour rates. FilthI 

6. RD19 yield responses to urea sources, rates, ande cTable 
water depth of 100 cm

applied were attributed to excessive percolation. application methods at maximum 


However, in the same trial, yields were significantly (deepwater). Second INSFFER trial, IRRI, 1982 WS.
 

Rate Application it/ha)
Yielda
higher with SCU than with PU at the higher N (kg N/ha) method

Urea source 
rates (87 and 116 kg N/ha) (Fig. I). 

2 

The effects of SCU and USG were quite variable 
0 -2.6 bc 

Unfertilized 
among trials and inconsistent at all N rates. This 

control 
B& I 3.1 abPU 29 

response variability in some trials justifies the need 
3.0 abc

PU 29 213 8 & I+ 1/3 
for a thorough characterization of the INSFFER foliar spray of urea
 
sites. 29 B & 1 
 3.2 ab

SCU 
Point placement 3.5 aUSG 29

In 9 of II N feitilizer efficiency trials in rainfed 2B abc58 B& I 
was significant (Fig. 2). PU

rice, yield response to N PU 58 2/3 B & I + 1/3 2.8 abc 
The average results of the nine N-response trials 

foliar spray o-; urea 
B& I 2.5 bcSCU 58

show the similarity in effects, of the three N sources 3.5 a58 Point placement
trials, significant dif- USG 

116at 29 kg N/ha. In some 
PU B& I 3.3 ab
 

ferences were observed between SCU or USG and 
2/3 B & I+ 1/3 2.6 bc
116PU 
foliar spray of urea 

PU applied in split doses recommended by re-
3.2 abSCU 116 B & I 

searchers at 58 and 87 kg N/ha (Fig. 2). 
Point placement 2.3 c116USG 

Thirteen trials on N fertilizer efficiency in deep-
aAV of three replications.

water rice were conducted at seven sites in five 
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of SCU, B&l, either alone or in 
application

countries. While rice at three sites did not respond 
or foliar, yield increases 

to any form of urea, it responded combination with PU, B&I 
significantly 

trials were not significant with PU, B&I alone. 
all N treatments in threesignificantly to 

The average yield data of the nine treatments 
(Fig. 3). Although yield increases were consistently 12 sites in 

tested in 69 long-term fertility trials at 

significant in nine trials in treatments that involved 

nitrogen fertili
at 23 sites of fifth international trial on 

Tble 7. Mean yield difference betwen SCU and USG over PU 

zer efficiency in irrigated wetland rice, 1981 ;ropping seasons. 

Yield (tlha) 

116 kg N/ha87 kg N/ha58 kg N/ha29 kg N/haTreatment 

0.202SCU k-sPU 040.2 0.8All sites 1.00.0.8Sites with significant 

+) differences
 

0.00.2USG vs PU 0.3OA 0.9
All sites 1.00.1.0Sites with significant 

(+) differences
 

US-

SCUYieid difference It/ho) 

2 

0
 
29 kq/ha _
 

29 kg N/hoa 

2 

0
 
58 kgNho
 

58k N/hg 


2 

1 

toN
(/ho)Mean re esponse 

87 kg Wrho 
87 kkggN /h3 

Phippne 5IniIndia2 

-2 4 56 7 8910111 23 
34 567 8 910111 2 Trot 

or USG, point
or decrease in I I trials with N applied as SCIJ. B&l. 

placed, comnpared with III %split doses at three rates: and mean response to N.Third international trial 

on nitrogen fertilizer efficiency in rainled rice, INSFFFR. 1981 cropping seasons. 
2. Significant yield increase 
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_ _ _ _ 

seven countries during 1976-81 are summarized in 

Table 8.Yield increases were higher in the DS than 

in the WS trials. With single applications of N, P, 

and K, 47 of 69 trials showed significant responses 

to N, 14 to P, and 11 to K. Responses to N, either 
alone or in combination with P or K,were greater 

than responses to P or K alone. Although higher 

yields could be maintained with continuous 

application of NPK, lower yields could result from 

a continuous application of NPK with Zn 

(Table 8). 
The effects of three P sources on yield are 

apparent in the DS trials only (Fable 9). Responses 

to heavy applications ofmildly and highly reactive 
rockphosphates, and to ordinary superphosphate 

6. Yield reponss to nin.tre..enti tased in..Table 
frtlity Vial in rim,

tritd in tS IntematoIUnl lanll-ttff 
Avyild(lh. 

Av yield W 

Frtiiizer treatment DS WS 

2.73.1Control 3.13.73.54.1 pN 
3A 3.0K 

3.84ANP 3.13.PKNK 4.2 3.7 
4.8 4.1NPK 3.23.3NPK + zincb 

8Av of 29 tials In DS aid 40 trials in the WS. bTuted in 

10 DS and 12 WS trials. 

Grin yield repos (t/4) 

o 
_ 

_ _41 1IT, I,_ 
Z/3 SCUt88/)a#1/13V/(faliod)2 SCU (8Sa) I-It 

-.
1 1 2 112 84 

0 

$SGploi m(B 8Ua/2 113'U M) 8 a 
2 /2 PU 

tPtll~,8e23LI (8 Ih)/FJ hr 
2 

9 11 13 
1 3 5 7 9 1I 13 1 3 5 7 

India Thoilond
India Thailand Tral no. 

Banqlodesh Philiippnies V~etw 
Bangladesh Philippines Vietnani 

3. Yield responses to different urea forms and application methods. First international 

trial on nitrogen fertilizer efficiency in depwater rice, INSFFER. 1980-1 WS. 
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to N fertilizer,
Tabl- 10. Yield responses of wtland rice 

to different P sources and rates. 	 as affected by plant
Table 9. Yield responses 	 combination,azolla, and their 

trial on sources of phosphorus in flooded 
spacing. INSFFER, 1981-82 cropping seasons.

International 
rice, INSFFER, 1977-81. 	

AvPlant 
Av yield yieldsspacingb Treatment(tJha)	 (cm X cm) tha)RatesSource 	 Wet Residual(kg P/ha) Dry 

2.720X20
Control2.8 	 38- 4.0 3.6 	 20 X 20

Control 	 60 kg N 
88 4.8 3.9 3.6 	 10 X 40 38 

Superphosphate 	 60 kg N3.9 4.1 	 3.817.6 5.2 	
30 kg N + azolla 20 X 20 

4.3 	 3.95.3 4.0 	 10 X 4026.4 	 30 kg N + azolla 
88 4.5 3.9 3.6 	 20 X 20 3.6 

Highly reactive 
Azolla grown before and after 

4.0 transplanting, then incor
49 4.0rockphosphateC 17.6 	

porated afteri ull cover 
3.9 4.1 	 10 X 40 3.726.4 5.0 

4.3 4.0 4.0 Azolla grown before and after 
Less reactive 17.6 	

transplanting, then incor

porated after full cover4.0 4.3
rokphosphated 35.2 4.7 	 10 X 40 3. 

Azolla grown twice after 
48 4.0 4A52.8 

transplanting 
of the material. bYield of 71 

on total P content
aBased 	 aAv of 13 trials. 
regular (24 dry and 47 wet seasons) and 13 residual crops. 

cphosmak was applied to soils with pH < 6.0, and phospal 
conducted by the trainees. Each of four trainee 

to soils with pH >6.0. dLocal rockphosphate or Christ-

applied to soils with pH-< 6.0, and local groups was assigned to one experiment. IR9729
mas Island was 	 withIsland to soils 
rockphosphate guano, or Christmas 	

67-3 was the test cultivar in the following trials: 

pH >6.0. p Fifth international tria! on nitrogen fcrtilizer 

efficiency in wetland rice (irrigated). In general, 
rate were comparable. Phosphatic 

yields were higher with USG placement thanat a low P 
materials did not differ in agronomic effectiveness 

with urea best split and SCU broadcast, but 

in 13 residual trials conducted in the Philippines when urea was incorporated at lower levels of 
response toand Thailand. The magnitude of 

not sigdifferences were 
as the amount of P applied applied N, yield 

residual P increased nificant. 
was increased. * First international long-term fertility trial in 

13 trials conducted in seven
Azolla trials. In rice. N alone or combined with P or K, gave a 

the effects of plant spacing on the 
countries, 	 significant increase in yield; plots with P and K 

response of rice to N, applied as urea or azolla, or 
alone or with P and K in combination gave 

in the third
their combination, were evaluated 

lower yields than with the control (without 

international trial on the use of azolla in rice. Plant 
fertilizer) plots. Complete fertilizer treatment 

spacing did not affect yield response. Positive 
(NPK) gave no further yield increase over N 

responses obtained from 12 of 13 trials were due to 
treatment alone unless the seedlings were 

added N and not to plant spacing. Average yields 
treated with Zn. 

no significant differences
of all 13 trials showed * Azolla INSFFER trial. Regardless of plant 

transamor'g treated plots (Table 10). 	 azolla incorporation before 
tretepotspacing,amor TA I 	

planting plus split application of 30 kg N/ha as
INSFFER TRAINING 

PU and split application of 90 kg N/ ha as PU 

The fourth 4-mo INSFFER training course held 
gave comparable yields. Similarly, application 

8 Feb-28 May was attended by 23 representatives 
of azolla alone and split application of 60 kg 

of Bangladesh, Burma, China, India, Indonesia, 
N/ha as PU gave comparable yields but no 

Pakistan, Philippines, Thailand,Malaysia, 	
and 

significant yield increase over control. 
nowEighty-seven participants have 

* Forms of urea and their mode of application.Vietnam. 
completed the course since 1979. 	 of this experiment were reported

Results 
In the 1982 training course, a slight aodification 

earlier in this section. 
was made in the number of fertilizer field trials 
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x r qCq4'M(4Ln51highest average yield (6.7 t/ha); IR25589-32-2 gave 

the next highest (6.6 t/ha) and the highest produc" 

Table S. H~lles 	 yietds wihout N fettiliverfor 15 yr con

amtke croppig. IRRI, Blocks 85-88, 1968M62. 

Yield (tlha@) 

DS Early WS Late WS
Year 

B 	 BB T T 

4.6 4.6199V.457 4.4.6 4.165.71968 6.2 
1970 6.5 7.0 6.5 6.6 3.1 3A 

3.8

1971 7A 72 4.3 5.8 32 28
 

1972 6.3 6 8 4.1 4A 42 32
 
3.6 2.6 	 2.7

1973 4.8 	 4.8 3A 
2.7 2.71974 4.1 4.6 3.7 3.5 


1975 3.8 3.9 3.7 3.9 29 2.7
 
1976 4.6 	 4.5 3.6 3. 28 2.
 

40 5A 5.9 3.6 3.7

1977 4.7 

3.5 3A4.1 421978 4.5 	 4.5 
32 	 3.6 4.6 4.0 3.1 3D 

3A 3.7 3. 3.73A 
1981 3A 3.0 29 3.0 2A 2A
 

1982 3.6 3A 3.3 3.1
 

1980 3.6 

OT - trarsplanted, B - broadctsted. 

would explain some of the decline. However, pest 

pressures were not higher in the continuous crop
(three-crop cycle) than in a single WS crop. 

Since 1970 the yield advantage of the MVs over 

traditional variety Binato has been pronounced 
the entire cropping period. 

MANAGEMENT 	OF NITROGEN FERTILIZER FOR 

EFFICIENT USE IN EARLY-MATURING RICE 

Department 

Research was continued during the 1982 crop 

seasons to evaluate the productivity, percentage of 

brown-rice protein (BRP), and lodging resistance 
of 4 varieties and 10 promising early-maturing fines 

with various rates and methods of N application. 

In theDS, eightriceshadthesacaverageyield 
as IR36 or higher. IR21015-80-3-3-1- 2 produced 

the highest yield (7.4 t/ ha) when treated with eitherslow-release SCU at 87 kg N/ha or split-applied 

with PU at 150 kg N/ha. This line also gave the 

e tivity of 73 kg/ ha per day. 
The BRP contents of 1R36 averaged 8.9%; those

of the 10 rices tested ranged from 8.5 to 9.7%
i a, ' 

during the DS. Early-maturing rices have retained 

high BRP contents and yielded similarly to 1R42. 
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Results confirmed previous findings (Annual report 

for 1980) that N application increases BRP content 
SCU can furtherand that using slow-release 


increase BRP content over split-applied PU. 


yields at diffarent cropping feqleciel.Table 4. Tota=l 

cycl/year experiment IRRI,
One, two-, three-crop 
Block 64, 1970.82. 

l, _2. 
_ok_ 197_ _ YielcP (t/ha} 

Three craps

Year One 

-n 
crop r- Tethan
Tw~o crops 

B TT B T 
15.7 14A11.7 10.61970 4.2 3.2 

4.5 3.9 11.9 10.9 19.3 17.91971 
6.2d 7.dirM19721973 3.8M 32 10.8 3.15.7db 12706d .3c 10.c 

12.2 11.610.5 9.61974 4.3 2.7 
7.6 118 11.1975 3. 2.6 8.9 

9.6 10.2 12.3 11.71976 3.0 3.2 14A99 10.1 15A1977 3. 3A 
7.3 12.2 112

1978 3.0 2.8 8.9 
11.5 10.31979 3.9 3.3 9.2 7. 

1980 3.3 3.0 9.1 9.0 I1s 112 
11.6 10.27f9 7.71981 2.5 2.7 g82 g1982 4.2f 3.7f 9A f 

83 12.8 11.9 
Av 3.7 3.1 9.5 

Av 3A 8.9 12A 

MV or line. T - transplanted, B
aAv of Binato end 
broardcast-seeded on puddled field. bNo harvest during the 

DS. cOne rice entry was affected by bacterial leaf blight 
stage. dNo harvest

harvested at hard-doughand was 
elR24 severaly damaged by rats. fAv of 

during the WS. 
three MVs. tomplete rat damage. 

The data on lodging resistance factor (cLr) in the 

DS indicate the relative field lodging behavior in 

the WS. Among the four varieties, IR8 consistently 

had the highest cLr, indicating high-level resistance 

to lodging; IRS0 had the lowest. The promising line
1R25588-32-2 had a comparable cLr to 1R8 (Table 

8(aloprbecrtI2583- a 
6). Results further suggest that the susceptibility of 

the rice crop to lodging increases with an increasing 
N rate. 

In the WS, eight lines matured 4-13 d earlier 
IR36 but only two lines produced similar or 

higher yields. 1R9729-67-3 yielded highest (6.4 

t/ha) in plots treated with urea at 90 kg N/ha in 

split doses. This line also had the highest average 

yield (5.7 t/ha) and productivity of 64 kg/ha pe: 

day. t/haWithout N fertilizer, 1R42 yielded 4.1 

during both seasons; R25588-32-2 yielded 5. 3 t/ha 

, 5.0 ^/ha during the DS,and IR21015-80-3- 3-1-2 

and IR9729-67-3, 5.0 t/ha during the WS. 
In both seasons, slow-release SCU and deep

placed USG did not generally increase yields over 

splitapphied urea. 

PLANT-GROWTH REGULATORS 

Agronomy Department 

Application before herbicides for control ofvolun

teer ice in ratooncrop. Volunteer rice is considered 

a weed in theratoon crop, but it resists herbicides, 

Table 5. Yields of transplanted Binato and MV$ at different cropping frequenciesL Dry-season plantings, One-, two-, 

three-crop cycle/yaar. IRRI, Block 4, 1970-82 DS. 

Year 

Binato 

4.91970 

4.41971 
3.91972 
4.61973 
5.11974 
3.31975 
381976 


1977 
 3.9 
3.11978 
3.1979 
3S1980 
0b1981 
3.71982 

Yield (t/ha) 

Two crops 

MV 8 Binato 

5.A8.6 (IR790-28-) 
(IR790-28-2) 

4.38.7 91R790-286) 
4.08.2 (R22) 
4.7.6 (R24) 

7.8 '1R3265-11 
2-1-3 ) 5.1 

2.56.6 (IR3265-11 
2 -1-3 ) 

4.66.9 (R46) 
4.7718 (R44) 
2.5.7 (R44) 
3.76. (IR42) 
2.869 (R44) (IR46) 
1.16.2 (IR42) 
2.07.1 (IR42) 

IjHighest yield among MVs. bDamaged by rats and birds. 
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Three crops 

MV0 

8.8 (IR790-28-6) 

8.6 (R22) 
3" 3 )C.6 (IR480- - 

7.2 (1R24) 
8.4 (IR3265-112-1
6.3 (R3265-112-1
6.7 (IRAM6) 
8.1 (IR44) 
5.6 (IR44) 
4.8 (IR46) 
6.6 (R42) 
5.6 (1R44) 
59 (IR42) 

3 )
3 ) 



application satisfactorily controlled volunteer rice 
making its control more difficult, 

and improved the performance of the ratoon rice 
A main rice crop grown in the field was cut 15 cm 

(Table 7).
from the ground and transplanted in drums as a 

Butachlor application alone at 2.0 kg ai/ ha at 
ratoon crop. One hundred newly harvested seeds of 

early postemergence of volunteer rice and at 
IR9752-71-3-2 were broadcasted in each drum as 

preemergence of weeds controlled the volunteer 
volunteer rice. 

rice, grasses, and other weeds. However, reduction 
Treatment with plant-growth regulators, such as 

in number of tillers reflected a slight inhibition of 
GA 3, kinetin, CCC, and TIBA before herbicide 

Table 6. The cLr of four rice varieties and 10 early-maturing rices as affected by N fertilizer application. IRRI, 1982 

DS.
 

cLra 

150 kg N/ha Mean 
87 kg N/ha0 NEntry 

Urea splitUSGUrea split SCU 

0.20 a0.200.200.00.22 020 0.10 dIR8 0.100.100.090.10 0.09 0.18 bIR36 0.180.170.180.20 0.19 0.08 eIR42 0.080.080.090.10 0.09 0.10 dIRSO 0.100.100.110.11 0.10 0.10 dIR9729-67-3 0.100.100.112 0.10 0.10 0.10 dIR9752-71-3- 0.100.100.100.100.10IR15429-26 
8-1-2 -1 0.17 0.17 0.18 b 

0.18 
IR19735-5-2-3-

2 -1 0.20 0.19 
0.08 0.08 0.08 e 

2 0.10 0.09 0U8 0.09 deIR19743-25-2- 0.090.092 0.090.10 0.09 O.9 deIR1974346-2-3.3- 0.08
2 0.09 OJ090.11 0.10 0.10 dIR19746-28-2- 0.100.10 


IR19774-23-
2 -2 -1l3 0.10 0.10 0.10 

0.14 0.15 c
 
1 2 0.16 0.15 0.14 
- 0.17 0.19 abIR21015-80-3-3- 0.180.180.200.19 0.19IR255[8-32o2 

c 0.12 c0.13 b 0.120.14 a 0.13 b 
= urea 

Mean 
sulfur-costed urea, B&I; USG 

2/3 B&I and 1/3 topdressed 5-7 DBPI; SCU 
aAv of four replications. Urea split 

supergranules placed 10.15 cm deep.
 

= total wt of freely suspended chain links + hook (g)
 
cLr 

" ~ culm length (cm)
 

Table 7. Effect of sequential application of plant growth regulators and herbicides oi, volunteer rice and weed control 

and ratoon yield. IRRI, June-August, 1982. 

ea  Weed Yield PaniclesRat Volunteer 
(no.plant)2 ) (plant)dry wtrice (g/mcontrolHerbicidesGrowthTreatment (%)(kg ai/ha)regulators(ppm) 

191553982.0- 21Butachlor 39 18952.0100GA 3 fb butachlor 32 21952.050 18Kinetin fb butachlor 13100942.0- 212,4-D 26 17962.05000 21CCC fb 2,4-D 22 20
2.0

TIBA fb 2,4-D 500 96 
29 23 21

64 
Hand weeding -

0 530 3 6 
-
Unweeded 

were applied when te coleoptiles of broadcasted seeds of volunteer rice had just emerged. 

sPlant.growth regulators 

Herbicides were applied 1 d after plant growth regulato3.
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rice growth. Foliar application of GA3 orkinetin 

I d before butachlor application prevented this 

adverse inhibition. Yields from these treatments 
from the hand-weeded were as good as that 

control. Results were similar when CCC or TIBA 

was applied before 2,4-D (Table 7). 

Effect on growth and yield of ratoon and direct-

seeded crops. The three-replication experiment on 

IR9752-71-3-2 was conducted in a split-plot design 

with ratoon and direct seeding in the main plots 


and plant-growth regulators in the subplots. The 

25 

plotwas4m)< 2.6m (10.4m2)andspacingwas 
cm for the direct-seeded crop and 20 X 20 cm in the 

ratoon crop. 
I) CCC - 5,000 ppm, 2)

The treatments were 
-40 ppm, 4) B9

TIBA - 500 ppm, 3) GA 3 

5,000 ppm, 5)CCC fb kinetin - 5,000 ppm fb 20 

ppm, and 6) control. 
CCC and TIBA at the

Plants treated with 
seedling stage showed leaf yellowing within 2-3 

DAT in direct-seeded plots with no tillage. Plants 

show any growth during this period.did not 
However, plants recovered after 5 d, became even 

more vigorous, and produced tillers with greener 

leaves. 
B9 showed less adverse effect after treatment as 

plant leaves did not show yellowing. Postflowering 

treatment with GA 3 prolonged leaf senescence and 

delayed maturity by 2-4 d compared with the 

control. The application of CCC at seedling stage 

followed by kinetin after flowering delayed leaf 

senescence and maturity by 2-3 d. 

In general, ratoon rice plants were shorter than 

direct-seeded plants. 
Plant height was reduced significantly in direct-

on the height and yield of IR9752-71-
Table 8. Plant growth regulator effect 
IRRI, 1982 WS. 

YieldConcnGrowth 

regulator (ppm) Ratoon crop 

t/he %of control 

CCC 
TIBA 
GA3 
B9 
CCC fb kinetin 

5000 
5000 

40 
5000 

5000 fb 20 

2.0a 
2.1 a 
1.9a 
9a 

2.2. 
19d 

106 
109 
98 

101 
112 
100

Control 


3Av of four replications.
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seeded plants treated with CCC and TIBA 

(Table 8). 
In general, the ratoon crop yielded much lower 

than the direct-seded crop without tillage. Ratoon 

yields varied from 1.9 to 2.2 t/ha (Table 8) and 

were only 48% of the direct-seeded crop (3.9-4.5 

t/ ha). The lower yield in the ratoon crop might be 

mainly due to the lower number of panicles and 

higher sterility. Plants given a foliar application of 

CCC followed by spraying of kinetin after flowering 

yielded the highest. In the ratoon crop, they yielded 

higher and in the direct-seeded crop 15%
12% 

higher than the control.
 

METHODS OF RAISING SEEDLINGS AND
 

PLANTING ON ACID-SULFATE SOIL
 

Soil Chemistry Department 

Methods of raising seedlings and of planting IR26 

and IR4683-54-2 were compared in the DS on 

acid-sulfate soils at Baiza and Burabod in Malinao, 

Albay, Philippines. The four methods were: 

I. Direct seeding of pregerminated seeds. 

2. Dapog: raising seedlings with high seeding 

rate without soil; transplanting after 14 d. 

3. Semi-dapog: raising seedlings with high 
a wet seedbed;seeding rate with soil in 

transplanting after 14 d; the seedlings were 

removed by slicing off the upper 3-5 cm of the 

seedbed, cutting portions of the root. 

4. Coi.ventional method: tra-dplanting21--old 

seedlings raised on a wet seedbed at moderate 

seeding rates.
 
No fertilizers were applied to the seedbeds.
 

3 2 ratoon and dlrect.eded crops'a-

Direct seeded crop 

%of controlt/he 

1104.3ab 
4.3ab 109 
4.0 c 102 
4.1 bhc 104 
4.5a 115 
3.9 c 100 

Plant ht 

Ratoon crop 

(cm) 

61a 
54 b 
67 ab 
60a 
62a 
64a 

Direct seeded crop 
(cm) 

69 b 
69 b 
79a 
77a 
72 ab 
77@ 



Toxkity scores. Scores for tolerance to inj ury 
caused by acid-sulfate soil, based on foliar symp-

toms and general appearance of the plants, were in 

the same range for both sites (2.7-6.3 and 3.3-5.8). 

Varietal mean comparison showed lower toxicity 
scores for IR4683-54-2. Direct-seeded rice had the 

poorest growth, regardless of varietal tolerance. 
other three methods showed comparableThe 

growth (Table 9). 
Yield. IR4683-54-2 had a highly significant yield 

advantage over IR26 of 1.1 t/ ha at Balza and 0.9 

t/ha at Burabod. There was no significant yield 

difference among dapog, semidapog, and conven

tional method. Direct-seeding significantly resultea 

in the lowest yield (3.9 t/ ha at BaLza and 3.7 t/ ha at 

Burabod) and is not recommended on acid-sulfate 
soils. 

PERFORMANCE OF MODERN DRYLAND RICES IN 

FARMERS' FIELDS 

Agronomy Department 

Four Batangas dryland farmers'wer invited to try 
five modern dryland rices in their fields along with 
their traditioknal variety. The farmers used their 
own cultural practices. 

One farmer each from Santo Tomas and Tana-

uan had successful crops; one had a crop failure 

because of a flood; and the last one failed to seed 

the materials. 

Table 10. Performance of modem 
Batang, 1982 WS. 

Designation 

Farmers' practice 
IR43 
UPL Ri.5 
IR3839-1 
IR6115-1-1-1 
IR9782-111-2-1-2 
Cl (Tanauan chk) 

Palay IRRI (Santo Tomas chk) 


Experimental result 
IR43 
UPL RI-5 
IR3839-1 
1R6115-1-1-1 
IR9782-111-2-1-2 
K. Patong (chk) 

dryland rices utilizing farmers' practices in comparison wlih experimental result. 

Yield (t/ha) 

Santo Tomas Tenauen Mean 

5.1 4.1 4.6 
4.8 4.7 4.8 
4.4 3.2 3.8 
2.1 2.9 2.5 
2.9 	 2.4 2.6 
- 3.3 3.3 
3.6 - 3.6 

Santo Tomas Cuenca Mean 
4.0 3.8 3.9 
2.9 4.1 3.5 
3.9 3.3 3.6 
2. 2.9 2.8 
3.4 29 3.2 
2.0 2.9 2.4 

four methods of raising seedli andTable 9. Effect of 

trnplnting on toxicitYtolerce scores at 7W8. IRRI,
 

2. 

Score 

Method Baiza Burbod 

Direct seeding 
Dapog method 
Semidapog method 
Conventional method 

6118 
3.8 b 
3.5 b 
3D b 

5.6 a 
4.6 b 
4.1 be 
3.8 c 

8Ay of three replications and two varieties. 

Farmers' test. At Santo Tomas, IR43 yielded 5.1 

t/ ha and UPL Ri-5, 4.8 t/ ha. However at Tanauan, 

UPL Ri-5 yielded 4.7 t/ha and IR43, 4.1 t/ha 

(Table 10). Both had higher grain yields than their 

respective checks, which have similar growth dura

tions. The lower yields of IR61 15-1--I (mean of 

2.5 t/ha) and IR9782-111-2-1-2 (mean of 2.6 t/ha) 

were attributed to rat Jamage and sheath blight 

disease in Santo Tomas and typhoon-caused shat
tering in Tanauan. The two lines were the shortest 
entries; UPL Ri-5 was the tallest. 

Researchers' trial. IR43 yielded 4.0 t/ha at Santo 
Tomas; UPL Ri-5 yielded 4.1 t/ha at Cuenca 

(Table 10). These yields were lower than those in 

farmers' trials probably because a higher N rate 

was applied at Santo Tomas and apparently the 

field at Tanauan was more fertile. 

Maturity (DAS) 

Santo Tomas Tanauan 

129 121 
129 121 
120 118 
114 114 
114 114 
- 121 

131 -

Santo Tomes Cuenca 
126 136 
125 135 
114 126 
115 129 
114 128 
121 129 

Plant ht Panices2
(cm) per m 
Mean Mean 

100 351 
126 276 
104 368 
80 334 
85 375 

121 211 
112 181 

Mean Mean 
84 235 

109 223 
96 259 
88 209 
77 258 

142 155 

SOIL AND CROP MANAGEMENT 313 



The farmers' yields indicate the high potential of 

MVs even when farmers' practices are used. 

The use of a kalmut (a metal-spiked harrow) 

caused severe damage to the shallow roots of MVs 

such as IR6115-l-l-1 and IR9782-111- 2-1-2 but 

did not hurt the local varieties. This suggests that 

may deter acceptance of 
some local practices 

modern dryland rice technology in farmers' fields.
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NITROGEN RESPONSE AND SOLAR RADIATION 

was shaded
In a study of the interaction between N responseand solar radiation the crop canopy 

with sinamay cloth in the field during the whole-

growth period, reproductive growth stage, and 

i<-.ening period. Sunlight was adjusted to l0Cf% (no 

shading, S), 60% (one layer of sinamay clothI, S 

and 40% (two layers of sinamay cloth, S2). N was 

applied at 0, 60, and 120 kg/ha. 

Whole-growth period. Yields ranged from 2.59 

2to7.74t/hafor120NSo(Tablel).t/hafor0NS 
tended to be slightly higher

The harvest index (H1) 


at the lower levels of solar radiation (SI or S 2) and 


it did not account for any difference in yield or N 

response. 
that N response was

Figure 1 shows most 

pronounced at the highest level of solar radiation 
the level of solar radiationand decreased as 

decreased. At the lowest solar radiation level (S2), 

there was no increase in yield at 60 and 120 kg 

N/ha. 
At 0 N, solar radiation had very little effect on 

at 120 kg N/ha it had pro-a
yield. However, 

- a difference of 3.7 t/ha
nounced effect on yield 

to
S2. Yield was closely relatedbetween So and 

total dry matter production (Fig. 2a). Total dry 
were also closely

matter and spikelet number 

correlated (Fig. 2b). These relationships indicate 

that solar radiation primarily affected yield through 

total dry matter production, which in turn affected 

spikelet ferniation. Amog the yield components, 

spikelet number was the major yield determinant (r 

Yield (1/ho) 
so 

6 -- / oO 

22 - . "".' 
4 A "- .. .--:-

0 0 S III 

Whole growthstage 
so 

0.975). However, at 120 N-S2, the decrease in 
= 

filled spikelets and 1,000-grain weight also con

tributed to the decreased yield.Reproductive stage. Solar radiation had a posi

2 okgN/ha.Theyild
tiveeffectdnN responseat 

$ (Fig. 1) 
difference of 2.2 t/ha between So and 

spikelet
largely attributed to the increased 

was
number (Table i).as 

1). Soabrnumber 

Ripening period. Solar radiation had a clear 

effect on N response at both 60 and 120 kg N/ha 

kg N/ha, the maximum yield
(Fig. 1). At 120 
difference between So and S2 was 2.3 t/ ha and was
 

largely attributed to the percentage of filled spike

lets and 1,000-grain weight. To a lesser extent, the
 

number of spikelets also contributed to that differ

ence (Table 1). 
12-KI

Unfilled spikelets were examined with 

solution to differentiate between unfertilized spike

lets ano partially filled spikelets. As shown in Table 

2, both unfertilized and partially filled spikelets 

increased with increasing N levels and with de

creasing solar radiation levels. A combination of 

high N and low solar radiation apparently caused a 

high percentage of empty spikelets. 

The experiment indicates that a high N response 

can be obtained only at a high solar radiation level. 

A moderate yield of 4-5 t/ha can be obtained with 

60 kg N/ha at about 300 cal/cm2 per day, which is 
Asia.locations in monsoonaverage at many 

Higher yields can be obtained with a higher N 

application combined with a higher radiation level. 

An optimum N application rate should be based 

.3
 
S T T1,O,. TO 

Ioo 


S 

I
 

/gsl . 
*tdC/esaeRr 

12060120 060120 0 Kg N/ha0 60 

1. Interaction between N response and solar radiation at different growth stages. So,S1,and S2 represent 100,60, and 

403oRsunlight. IRRI,1982.
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not only on the inherent soil fertility level and
8Y*-ttflh) 

variety used, but also on the sobhr radiation level.(a) 

6 
MOISTURE STRE..3 AND GRAIN FILLING 

4- +0511X Moisture stress affects rice yield differently de

, r0-976* pending on the growth stage at which it occurs. 
stressDuring the grain-filling period, moisture 

(5N field capacity) decreased panicle weight by 

29% at a low N level (N1) and by 40% at a high N 
Spee level (N2) (Fig. 3). Moisture stress, however, did0 
40 

0) not influence the duration of grain filling. Thus, the 
reduction due to moisture stress can be 

- t.,yield 
attributed to either reduction in current assimilates 

or reduced translocation of reserve carbohydrate, 
21) or both. 

Starch content in the culm and the leaf sheath at 

flowering was almost two times higher at a low N 
r.9•10 level than at a high N level (Table 3). Assuming that 

70% of the reserve starch present at flowering in the 

0 - culm and leaf sheath was translocated to the
0o 5 10 ID 

TMI &V,ra it/ha) panicle and knowing the amount of starch accumu

lated in the panicle, it is possible to calculate the 
total dry matter, yield, and spikelet2. Relationship between 

number at three levels of solar radiation. IRRI, 1982. contribution of the reserve starch and current 

1. Effect of shading at different growth stages on grain yield and yield component3 of IR36 grown at three levels 
Table 

of applied N. IRRI, 1982 OS.
 

Filled ,000irln w
b 

Spikelets spikelets (%)
N level Solar radiation Grain Total HI (no.M 

2 X 103)
t/he) dry wt(kg/h) leeles yield Wtha)

(kgha)evel 

Whole.growth stage 
20.6 

2.92 4.79 0.53 13.1 92.7 
0 so 20.594.20.51 13.62.93 4.961 20.093.611.02.59 3.94 0.56S2 90.0 20.5

0A6 27.35.51 10A160 so 20.089.50.51 24.7
$ 5;07 8.50 

19B 18.985.2 
4.16 6.7S2 

0.59 
19.8

0A7 39.7 85.6 
So 7.74 14.10120 19.085.530.0
S1 622 9.44 0.57 

17.872.025.2
S2 403 6.67 0.52 

Reproductive period 
13.5 93.2 

S 2.99 4.98 0.52 20.5 
0 o 0A7 13.0 95.5 20.2 

3.02 5.54$1 20.995.8 
S2 2.77 5.11 0A6 10.9 

20.586.428.65.28 10.20 0.44
60 so 20.6

0A6 25.3 94A
5.16 9.70$1 20.794.324.79A7 0A6S2 5.08 

86.8 20.1 
7.75 13.89 0.48 39.9 

120 19.9SO 
OA7 32.6 92.5 

$1 6.84 12A1 18.893.926.35.59 10.56 OA6S2 

Continued on next page 
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Table 1 continued 

Grain Total Spikelets Filled 1 000 grain wtb 
(no./m 2 X 103) spikelets (%)

N level Solar radiation yield dry wt HI 

(kg/ha) level8 (t/ha) (tha) 

Ripening period 
93.0

SO 287 5.17 OAS 13.6 	 20.1 

19.714.3 90.Sl 2.91 5.23 0.48 
81.6 19.9

2.53 	 4.34 0.50 12.6S2 
87.7 20.3 

60 	 so 5.68 10.19 0.48 29.5 
84.7 19.5
 

Sl 5.18 9.60 19.1
0.46 28.1 
76.727D0.454.53 	 8A6

120S 	 710 13.09 0.51 38.3 85.7 20.3 

19.6 
S1 6.63 13.71 0A2 40.9 74.7 

18268.537.50.385.47 	 12.4782 

aS0 	
= 60%, S2 - 40%. bOven-dried at 1050C fcr 48 h. 

100% sunlight, S1 

in the culm 	and leaf sheath of
Table 3. Starch suntant 

2. Effet of shading during the ripening period on
Table 	 affected by moi

partially filled spikelets. IR7470,L- at flowering and harvest, as 
percentage of unfertilized and 

turri stress and N level. IRRI, 1982.
 
IRRI, 1982 DS. 


Starch %) 

Solar Spikelets (%) TreatmentF HarvestN level radiation 	 Flowering
Filled Unfilled 	 Partially Unfertilized(kgha) 	 level filled( / ) 3D19ANISO 2.819.4

2.2 4.8
0 So 93.0 7.0 	 NiSi 

18.6 2.7
6.8 NlS2$1 90.0 	 10.0 32 3.510.7
85 N2SO9.9 	 .S2 81.6 	 18.4 
73 N2S10.3 	 5.

So 87.7 	 12.3 5.0 
9.6 

10.360 	 N2S25.784.7 15.3S1 	
= hgh N. So - submerg

s nce, SI 100%
11.3 	 aN1 = low N; N276.7 23.3 	 12.0S2 	 S2 50% field capacity.92 field cap i, 

120 	 So 85.7 14.3 5.1 
13.7 11.674.7 25.3S1 

68.6 31_A 	 18_2 13.2 assimilates to the panicle (Table 4). During theS2 

photosynthesis 	is re
grain-filling period, current 

duced by moisture stress and appears to be partially 
Paicle wt 	 compensated for by translocation of the reserve 
2c 

starch from the culm and leaf sheath. This explains
RW 	

the greater reduction in panicle weight at the high 
IR747 ()N	 2SO N level. Because much less starch accumulatesN2S1 

NSI 	 before anthesis in high-N plants than in low-N 

plants, the yield reduction is greater in high-N
IS2 

plants.N1S2 

The study suggests that N application and 

variety choice be geared to greater accumulation of 

reserve starch when drought isanticipated during 

°L 	 I I, the grain-filling period. 

243 6 9 12 15 18 210 
OXYGEN RELEASE FROM RICE ROOTSD after fkwering 

on the 02 release characteristics of rice 
3. Panicle weight of IR747 at various harvests, as affected by Studies 
moisture stress and N levels. Vertical bars indicate standard 

roots have been continued (Annual report for 
errors of the mean. IRRI, 1982. 
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Table 4. Contribution of reserve starch and of current 
assimilates to the panicle, as affected by moisture stress 
and N leve1'. IRRI, 1982. 

Reserve Current Panicle 
Treat- starch assimilates starch 
mentb (rg/panicle) (mglpanicle) (mg/panicle) 

N1S 0 	 139 (17) 693 (83) 832 (100) 
137 (18) 623 (82) i6O (100)N1 S1 435 (100)132 (30) 303 (70)N1 S2 

N2 SO 	 73 ( 8) 845 (92) 918 (000) 
69 ( 8) 790 (92) 859 (100)N2 S1 
49 (12) 351 (88) 400 (100)N2 S2 

OFigures in parentheses indicate percentages taking panl-
= 

cle starch as 100. bN1 = low N, N2 high N. So = sub. 
mergence, S 1 = 100% field capacity, S2 = 50%field capa-

ty. 

1980). At present, scientists believe that rice roots 

release 02, which in turn may detoxify harmful 
substances produced under highly reductive soil 

It was found that only young rootsconditions. 
release 02; old roots do not. 

Measuring technique. In the previous study, the 
02 release rate (p1 02 per unit of time) was 

measured with a biological oxygen monitor. How-

ever, during the repeated measurements, erroneous 

values were occasionally found. To overcome the 

problem, 	an equilibration method for measuring 

02 release was adopted. Roots are placed in 02

free water in a vial until the partial pressure of 02 
reaches a 	constant value. The 02 content of theI 

water, measured with a biological oxygen monitcr, 
is in equilibrium with 02 content of the air at the 

02 (/1/ml water) 

" 2-wk-old-_ 

/
IE 

20 . "......1R6sedinsaRI,18. 

6 8 10 12 14O0 4 2 

Hours 

4. Time requirement for equilibrium values Of 02 release from 

IR36 seedlings at 20°C. IRRi, 1982. 

end of the root air passage system. So, in this study 
02 release was expressed in microliters per milliliter 
of water. This method is much simpler and gives 

consistent values for the same set of samples. The 
time required to reach equilibrium varies with 
plant age (Fig. 4). Three week-old seedlings reached 

an equilibrium in 3 h when a 50-ml vial was used; 
l-wk-old seedlings took about 12 h. 

Varietal difference. As shown in Figure 5, there 
were clear differences in 02 release among four rice 
varieties. Fe-tolerant IR36 had the highest equilib

rium value and Fe-susceptible Columbia-I, the 

lowest. 
Effect of nitrogen nutrition and temperature. 02 

release from 3-wk-old IR36 roots was greatly 

affected by Nsupply and temperature (Table 5). At 

the same temperature, plant roots supplied with 

high Nreleased significantly larger quantities of 02 

than those supplied with low N. Lower 02 release 

from plant roots supplied with low N could be in 

part attributed to the greater length of N-deficient 
roots that carry 02 from root base to tip. As the 
length of the 02, path increases, more 02 diffuses 

into actively respiring tissue along the pathway. At 

the same N supply, 02 release decreased sharply as 
shaumcreased 	 bl as 

te m erature in 
more 

temperature increased presumably because 

o (al/ml water) 
a 

................
 
2 

9	 
ANDiRICE 31 

old seedlisa (CIR,19. 

3 4b0 1 

Hours 

5. Varietal differences in equilibrium values of 02 release from 

3-wk-old seedlings at 20rC. IRRI, 1982. 
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Table 5. 02 release from 3.wk old 1R36 roots as affected 

by N supply and temperature. IRRI, 1982. 

02 release (fl/ml) 
Temp 1 
(C) 	 High NO Low N

1.703.1115 0.732.4820 0.001.64 

30 O.4 0 0
25 

a40 ppm N.b10 ppm N. 

02 is consumed by root-tissue respiration at higher 


temperatures. N-deficient plants did not release 02 


at 250 and 301 C, the dominant soil temperatures in 

the tropics. 

Growth stage. 02 release of rice roots was 


relatively low at IWAS; it peaked at 2 WAS, after 

which it declined to a stable low value (Fig. 6). 

Possibly, 02 release is controlled by the extent to 

passage system is developed in
which the air 
individual roots and new roots release 02 while old 

roots do not within the root system. At the initial 

stage of root elongation, the air passage system 

may not be fully developed and hence 02 transport 

is relatively low. 02 release peaks at 2 WAS, when 

the air passage system isfully developed. It declines 

afterwards as root elongation is completed. 

Oxygen release (giI/mt) 
2.0 

1.5 

05 

35
00 1 2 63 4 50 1 

from IR36 roots at different growth stages
6. 0, release 
(25c). IRRI, 1982. 
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in rice, active tillering starts at around 3 WAS 

and new roots begin to develop along with new 

tillers. The weight ratio of new roots to old roots 

decreases with plant age. A stable low 02 release at 

4 WAS and beyond may be attributable to 02 

uptake by old roots. 
New roots vs old roots. To verify if only new 

roots release 02, an experiment was set up so that 

roots of 7-wk-old plants were divided into two 

equal parts. One part was bound with thin wire and 

designated old roots; the other part was cut at the
 

base, and any new roots developing from higher
 

nodes were designated new roots. 02 release from
 

old and new roots was measured 3, 5, 7, and 9 d
 

after partition of old and new roots (Table 6). 02
 

release of new roots was moderately high 3d after
 

the root cutting, peaked 2 d later, and declined to
 

zero 9 d after the roots were cut. Apparently, when
 
very


new roots are elongating they release 02 

actively, but when fully elongated they stop; old 

roots do not release 02 at all. 
The study suggests that 02 release may protect 

newly developing roots against harmful substances 

produced under highly reductive soil conditions, 

but does not protect fully elongated mature roots. 

However, 02 transported to old roots from shoot is 
some otherused for respiration through which 

mechanisms can be generated to protect root tissue 

against harmful substances. 

CALCIUM PEROXIDE AS AN OXYGEN SUPPLIER 

Calcium peroxide-seed ratio. Rice seeds are nor

mally coated with Ca0 2 at 1: 1by weight. It would 
of Ca02 was

be highly desirable 	 if the amount 

pot experiment, it was found 
reduced. In a 1981 

02 release from old roots and now roots.& IRFI1,
Table S. 

1982.
 

Wt 4mg) 02 (pliml)
Days Length (cm) 

after 
 - OldOld NewOld Newcutting New 

0743 02727 673 6 
23 395 701 0.68 0 

5 12 	 0.18 023 654 96970 0
7 16 
9 19 23 1395 1015 0.00 0 

was done at 250C. Seven.week-old plants
aMeasurement 

Each value represents the mean 
after seeding were used. 

of four samples. 



that the CaO,-seed ratio could be reduced to 0.5: 1. 

In 1982, two field experiments were conducted to 

verify if the reduced 'CaO.,-seed ratio would ensure 

the same yield as the recommended 1:1. 

DS data showed that the CaO.,-seed ratio can tt-M( 


reduced to 0.3:1 for seeds broadcast into a puddled 
a manually operatedsoil (Table 7). In the WAS. 

row seeder was used in a similar test. Decreasing 
the number of

ratio decreasedthe CaO-seed 
emerged seedlings per square meter to some extent, 

but did not affect yield. Thus, CaO_,-seed ratio can 

be reduced to 0.3:1 with no loss in yield in either 


broadcast or row-seeded plots, 

Yield response to seed rate and nitrogen level. 


Seeding of CaO2 -coated seeds into wet puddled 


soil and traditional broadcasting of unctoated seed 


on a drained field were compared at four N levels. 


Yields were comparable for each N level whether 

the seeds were coated with CaO2 or not (Table 8). 

A 20 kg ha seLd rate is extremely low compared 

with the conventional 50 kg/ha, yet the two rates 

produced similar yields at all N levels. The average 

number of emerged seediings at 20 kg seed/ ha was 
2 at 50 kg

about 62/M 2 compared with 	 l10/n 
more than two times 

seed/ha. Even 62/M 2 is 
at 20 X 

grea te r tha n t he n umber o f hill s spaced 

20-cm by transplanting. This indicates that the 

be greatly reducedconventional seed rate can 

nrovided seedling emergence percentage is high, 

even seedling distribution is assured, a high tillering 

variety is used, and weeds are adequately con-

trolled. 
seeder for calcium peroxide-coatedManual 

seeds. One person can sow I ha/ d with the two-row 

manual seeder now commercially available. The 

seeder is easy to use, but the operator must have 
in its use to make it performsome experience 

effectively. One factor affecting performance is the 

physical surface conditions of a puddled field. As 

shown in Figure 7, when used 	immediately after 
seeder performedfinal harrowing, the manual 

erratically. However, the number of seedlings per 

linear meter became quite uniform when seeding 

was done 2 d after final harrowing. Because 

physical surface conditions vary with soils, the 

optimum time to use the manual seeder after the 

must be determined individuallyfinal harrowing 
by site. 

Seeding depth is an important factor affecting 

7. Effect of different thicknesses Of C 2 u-dTable 
number of emerged nedlings and on yield.

coating on 
IEmerged__82_DS. 

Yield EmergedCe0 2 (oI2t/ha) (no./m 2)
coated)treatmen) 


149
4.93 14530 	 4.6050 1544.91100 
100_4.91_154 

ag CaO 2/g dr', I R36 seeds. 

Table 8. Effect of seeding rate and level of applied N on
 

yield of CaO2-coated and drained wet.-aded IR36. IRRI,
 

1982 dry season.
 

N Yield t/ha) at seeding rate of 
Differencelevel 


50 kg seed/ha
(kg/ha) 20 kg seed/ha 

Uncoated, seeded on drained soil surfaca 
a -C.35 ns0 3.56 a 3.91 

5.82 b -0.77 n
s 

50 5.05 b 
-0.03 

ns
 
5.38 b100 5.35 b 

150 5.60 b 4.33 a 1.27 °* 

CaC2.coated, seeded into puddled sod 
s0 3.67 a 3.23 a o.44 n 

5.05 b -0.33 nq
50 4.73 L 

019ns
5.54 b5.73 c100 
 _ 

150 _ 5 ._1 _ c _ 
_ _5 .12 _ b _ _ _ _ _ 

aSeparation of means. 

Seedlings (no/linear m) 

,
40. 


Ie fter .... 

20.~v 	 * 

ioL 
14 16 18 20 22 24 2606 2 4 6 8 10 11 


Soms (no)
 

7. Seedling emergence in 25-m X 15-row plots of CaO-cop.d 

seeds sown at different times after final harrowing u~ing the 

DO-I manual seeder. IRRI. 1982 WS. 

lodging resistance at high-N levels. A collaborative 

set up at the Daet Farm f theproject was 
Philippine Ministry of Agricultu ,' in Camarines 

Sur to compare use of the manual row seeder with 
11-13broadcasting. Seeding depths ranged from 

mm for the manually seeded plots to 3-6 mm for 

a flooded condition, thethe broadcast plots. In 
as well as the broadcastrow-seeded crop yielded 


crops (Table 9).
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broadcast rnd row-seededTable 9. A comparison between 

crops, Daet, Carnarines Sur, Philippines, 1982 WS. 


Seedlings
Seeding Cad 2 Watrregime Yield merged 

method coating at seeding (t/ha. energe2
(no./m2 

Flooded 5.8 234
Broadcast Coated 

3.8 46Uncoated Flooded 
Uncoated Drained 6.7 231 

Coated Flooded 6.1 227 
Rowv-seeded 

insecticides. ItSeed treatment with systemiC 
would be highly desirable to treat seeds with 

systemic insecticides before they are coated with 
CaO,. In collaboration with the Entomology 

Department, work began to study seed treatment 

with carbosulfan and carbofuran to control BPH 

and GLH. Preliminary work conducted in the 

insectary has shown carbosulfan to b- promising. 
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THE RESEARCH SITES 
Agronomy and AgriculturalFconomics 

Departments 

The three sites currently being used for IRRI 

constraints research in the Philippines (Tarlac in 

Central Luzon and San Fernando and Libmanan, 

Camarines Sur, in the Bicol region of Luzon) were 

report for 1981. In 
described in the Annual 

low rice yields. averaging less than 2 
summary, 

feature of the Bicol region.
ti ha per crop, are a 


is low, averaging less than 20 kg

Fertilizer use 

N/ha; expenditures on insecticides and herbicides 


per crop. Rice yields a.;
rarely exceed $10/ha 

somewhat higher in Tarlac with mean yields 


exceeding 3 t/ha; fertilizer and chemical use is
 

considerably higher than in the Bicol region. IR36 

the dominant varieties at all three
and IR50 are 


sites. 

The 1982 rainfall pattern for 1982 is in Figure 1. 

Late rains in Tarlac resulted in most of the rice 

crops being transplanted in July and early August. 

Below-average rainfall in October and November 

in crops, particularly in 
caused moisture stress 

no 
upper landscape positions. However, because 

typhoons occurred during the crop season, farmers 

as reasonably favorable year.
regarded 1982 a 

1982-83was favorable for theRainfall in Bicol 
region experienced in Sep-

crop. However, the 

Moithly rainfall (mm) 

600 
Pi/i, Comrine Sur, B/col 

Total 24163mm 

500 

400 

300 

200 

100 

Apr Jul e c NvDcJn0 jan Feb Mar May un 

caused extensive a severe typhoon thattembe 
flooding and crop loss in low areas of the Bicol 

River Basin. Several experiments were also lost. 

As in previous years, constraints research in

volves the integration of on-farm experiments and 

two types of expe.riments
farm surveys. In 1982, 

I compared the on-farm 
were conducted. Type 


performance of prilled urea (PU) and urea super
the yield gapand estimatedgranules (USG); 


caused by fertilizer, weed, and insect control; and
 

type 2 quantified the response to N, P, and K.
 

REIURNS TO CROPPING INPUTS 

Agronomy and AgriculturalEconomics
 

Departments
 

Forms of urea fertilizer and application methodsin 

farmers' fields (Agronomy). Tarlacsites, 1982 dry 

season. Experiments evaluated three forms of urea 
-urea (SCU), and PU 

- USG, sulfur-coated 
applied with different methods. No yield differ

various rates and 
were observed with 

Yields with andences 
application methods (Table 1). 

without fertilizer treatment were similar because of 

moisture stress brought about by insufficient irri

gation. 
Tarlac sites, 1982 wet season. In experiments 

USG was
under rainfed conditions, deep-placed 

compared with split-applied PU using the re-

Totac, r1rac 
Total 1262.2mm 

Apr May Jun JlAug Sep Oct Nav Dec
io Feb Mor 

in Pili. Camnarines Sur, and'Tarlac. Tarlac, Philippines, 1982. 
I. Monthly rainfall 
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Yields at the low N rate were higher at low 
searchers' practice. The experiment was conducted 

elevations than at high elevations; at the high N 
on nine high-elevation and nine low-elevation 

rates, yields tended to be higher at high elevations 
rainfed farms. Soil type was clay loam with a pH 

(Table 2). Yields also tended to be higher with PU 
range of 5.0 to 6.4. 

Table 1. Yield response to source and method of N application in irrigated farms at three areas in the Philippines, 1982 

DS. 

Yield8 (t/ha) 

Camarines SurTarlac 

San FernandoLibmananTreatment 

Old area New area 

5A d4.9a 3.8 c 5.0 c 


58 kg Nb/ha
 
No N Fertilizer 

5.3 b 6.0 c5.3 a 3.6 cFarmers' splitc 
6A bc5.3 a 4.9 b 5.9 ab

Researchers' splitd 6.7 ab6.6 a
USG point-placed

e 5.0 a 5.6 a 
7.0h f 5.6 ab

USG surface application 5.1 a 49 
7.2 a6.5 a5.5a 5.3 abSCU B&I 


87 kg Nb/ha
 5.3 b 6.4 bc c 5.0 a 3.8 cFarmers' split 7.2 a
 
Researchers' split d 5.0 a 5.5 ab 

7.1 a
 
6.1 ab 
6.6 a

USG point-placed 
e 5.0 a 5.8 a 

7Ahf 529 6.5 a 
USG surface application 4.9 a 

7.2 a6.7 a5.3 a 5B aSCU B&I 

116 kg Nb/ha
 

5A ab 6.5 a 6.9 ab5.1 aResearchers' split 

8Av of three farms in Tarlac, five farms in Libmanan (three in old area and two in new area), and four in San Fernando. 

bAs urea. CTarlac - 7 and 32 DT; Libmanan site - 18 DT and early booting stage; San Fernando site - 25 and 55 DT. 

basal B&I, 1/3 20-30 DT, and 1/3 5-7 DBPI. elo- to 12-cm soil depth placed at 2-4 DT. fBroadcast immediatelyd113 

after transplanting. gAv of two farms, hAv of three farms. 

Table 2. Yields as influenced by source and method of N application under rainfed conditions in three areas in the 

Philippines, 1982 WS. 

Yields (t/ha) by elevation 

Camarines Sur 

Treatment San FernandoLibmananTarlac 

Low Intermediate HighLow HighLow High 

29 kg Nb/ha 
4.4 b 4.1 b 3.7 a 4.9 b 4.5 b 

Researchers' split c 4.6 a 4.4 bc 4.5 b3.8 a 5.1 b c 4.7 ab 4.4 ab
USG point-placedd 4.6 a 4.2 


58 kg Nb/ha
 5.5 a 5.0 a4.8 ab 4.3 b 3.8 a 
Researchers' split c 4.8 a 4.9 ab 

38 a 5.6 a 5.0 ad 5.0 a 4.6 ab
USG point-placed 4.6 a 4.8 abc 

87 kg Nb/ha 5.7 a 5.0 a 
Researchers' splitc 4.9 a 5.0 a 4.8 ab49 a 4.7 ab 3.7 a 

3.7 a 5.6 a5.0 a 4.9 a
USG poim-placedd 4.8 a 5.0 a 

3Tarlac, av of nine farms in low-elevation and nine farms in high-elevation areas; Libmanan, av of seven farms at low

high elevation; San Fernando, five farms in low-elevation, ten farms in intermediate, and 
at 


nino farms in high-elevation. bAs urea. C1/2 basal and 1/2 at 5-7 DBPI. dlO- to 12-cm soil
elevation and five farms depth placed at 2-4 DT. 
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USG at both elevations with variousthan with 
rates. USG prolonged th -vegetative stage; moisture 

stress during the reproductive stage caused lower 

yields. However, the comparative performance of 

the two N sources and site-related factors could not 

Yields with deep-placedbe significantly related. 

USG were higher at a high level of insect control 

than those at farmers' level of insect control (Table 
leaf folder,were caseworm,3). Prevalent insects 


and stem borer. 

CamarinesSur (Libmanan) sites, 1982 dry sea-

son. Experiments were conducted on five irrigated 

sites - three in the old. area and two in the new. 

At both sites, yields were generally higher with 

USG than with the researchers' PU
deep-placed 
split application regardless of N rate. The yields, 

however, significantly differed only at 58 kg N/ ha 

and only in the old irrigated area (Table 1). Results 

also showed that the researchers' timing of N 

application consistently gave higher yieldF than the 

farmers' timing (18 DT and early booting stage) at 

58 and 87 kg N/ha although the yield
both 

area were not significant.
differences in the new 

Yields with SCU were comparable to those of USG 

placement and researchers' split regardless of site 

rate. The various N application methods
and N 

showed no further yield response at 87 kg N/ha. 


1982 wet
Caniarines Sur (Libmanan) sites. 

season. Deep-placed UJSG and PU split application 

three N levels in rainfed and 
were compared at 

irrigated farms. Twelve trials (seven low-elevation 

conducted in the
and five high-elevation) were 


rainfed area. Fourteen trials (six each in the old and
 

new irrigated sites, and two in the flood-prone site)
 

were conducted in the irrigated area.
 

In rainfed sites, three of five trials in the high 

elevations were direct-seeded on puddled soil; the 

rest were transplanted. In the lower landscape, only 

one of seven trials was direct-seeded. Yields in the 

low elevations were generally higher than thos,, in
 

the high elevations regardless of application method
 
be attributed
and N rate (Table 2). This could 

mainly to more nonflood days at most sites in the 

Yields with deep-placed USG 
upper landscape. 

than the yields with split
were generally higher 

landscape.
applied PU, regardless of N rate and 

However, the yield differences were not significant 

to relate the comparativenor was it possible 

performance of the two N-sources to site factors. In 

both low and high elevations, the yields were 0.5 

t/ ha higher with USG placement at a high level of 

control than with farmers' level of insect
insect 
control (Table3).The quality of insect control may
 

performance of deep-placed USG.
influence the 

mainly whorl maggots, leaf folders,
Insects were 
and stem borers. 
Inirrigated sites, the researchers split application 

as the deep placement of
of PU was as effective 

USG regardless of N level (Table 4). A typhoon 

during the late reproductive and ripening stages 

in both treatments, par
caused severe lodging 

ticularly in the plots with USG placement. High 

in 

to deep-placed LJSG at two levels of insect control under various water regimes in three areas 

Table 3. Yield respon3e
the Philippines, 1982 WVS. 

Location 

Tarlac 
Tarlac 
Camarines
Libmenan 

Libmanan 
Libmanan 
Libmanan 
Libmanan 
San Fernando 
San Fernando 
San Fernando 

Water regime 

Low-elevation, rainfed 
High-elevation, rainfed 

rainfedLow-elevation,L a i 

High-elevation, rairfed 
Old irrigated area 

New irrigated area 
Flood-prone irrigated area 

Low-elevation, rainfed 
Intermediate, rainfed 
High-elevation, rainfed 

aAv of 29, 58, and 87 kg N/ha. 
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Yielda It/ha) 

Sites Farmers' High 

Differenceinsect(no.) insect 

controlcontrol 

0.74.74.09 0.8.4.73.9 .974 
44 4.9 0.5 

0.54.64.15 0.35.65.36 04.84.86 0.54.9
4.42 0.63.73.15 0.55.55.010 0.44.84.49 



insect control over the farmers' level had more 

influence on the performance of deep-placed USG 

in the flood-prone area than in the old irrigated 

area (Table 3). In the new irrigated area, yields with 

USG were similar at both insectdeep-placed 
control levels, 

CarnarinesSur (San Fernando) sites, 1982 dry 
in four irrigatedseason. Results of experiments 

farms showed significant yield responses to added 

source and application methodN from both N 

(Table I). At 58 and 87 kg N/ ha, yields with USG 


placement were similar to those with SCU and 


of PU. Yields with
researchers' split application 

SCU were significantly higher than those with the 


researchers' split at the lower N rate, but not at the 


higher rate. The researchers' N application timing 


higher yields than the farmers'
gave generally 
55 DT). However, the yieldstiming (25 and 


differed significantly only at 87 kg N /ha. 


Camarines Sur (San Fernando)sites, 1982 wet 

season. Trials compared the perf ,nance of point-
ipplied PU at threeplaced USG with that of spl', 


N rates under three water Iegimes in rainfed farms. 

-Thirty trials were conducted in the study area 

nine at high elevations, II at intermediate eleva-

tions, and 10 at low elevations. Six trials were 

flooded out (one from the intermediate and five 

from the low elevation). Of 30 trials, three (high-

elevation) were direct-seeded on puddled soil; the 

Table 4. Yield response to source and method of N appli-

cation under irrigated conditions in Lihmanan, Camarines 

Sur, Philippines, 1982 WS. 

YieldI8 (tha) 
-Yied__t/ha) 


Treatment Old New Flood-prone 

irrigated irrigated irrigated 

aa
areakrea 


29 kg Nb/ha 
4.9 a 4.7 aUSG point placementd 5.7 a 

58 kg Nb/ha 
Researchers' splitc 5.7 a 5.5 a 5.2 a 
USG point placementd 5.6 a 4.9 a 5.1 a 

87 kg Nb/ha 

d 5.5 a 5.1 a 5.6 aResearchers' split 
___5.4_a_4.7
USG__point__placement ____5.0 a 


aAv of six farms inthe old area, six farms in the new area, 

and two farms in the flood-prone area. bAs urea. c112 
01 - to 12-cm soil depth placed 

DBPI. d 
basal, and 1/2 5-7 
at2-4 DT. 


rest were transplanted. tR50and 1R36 were domi

nant varieties. 
Yields were generally higher at the intermediate 

landscape than those from the other sites, regard

less of N rate and application method (Table 2). In 

the intermediate- and high-elevation sites, yields 

significantly increased by 0.5 t/ ha when the N rate 

was increased from 29 to 58 kg/ ha foT-both deep-

USG and researchers' split-applied PU.placed 
There was no additional yield response at 87 kg 

N/ha for either application method. In all cases at 

the low-elevation site, yields at the three N levels 

did deep-placed USG were similar. In no cast 


significantly outyield the researchers' split applica

tion of PU. The deep-placed USG performed 

better with the high level of insect control at the 

three sites. Yield increases ranged from 0.4 to 0.6 

t/ha (Table 3). 
Yield response to major farm inputs (Agrononiyv). 

Tarlacsites, 1982 dry season. Complete fertilizer 
treatment,application, Zn treatment, fungicide 

and three insect control strategies were evaluated. 
54 kg/ha.Farmers' N applications averaged 

insecticide applications averaged one foliar spray. 

Three of six farmers applied granular insecticides; 

only one farmer practiced weed control. Yields 

with farmers'leveloffertilizer, without N,andwith 

80 kg N/ha were similar. Yield with 120-19.8-37.4 

kg (N, P, K)/ha was similar to that with 80-19.8

37.4 kg (N, P,K)! ha, but significantly higher than 
a

that without N fertilizer. Removing P caused 

significant yield reduction; removing K did not. 

Removing N caused a significant yield reduction of 

1.7 t/ ha. Dipping the seedlings in 2% ZnO suspen

sion before transplanting did not increase yield. 

High-, .vel insect control and insect control at the 

farmers' and intermediate levels resulted in similar 

yields. Bacterial leaf streak and sheath blight were 

farms, but fungicide-treatedobserved on some 


plots yielded similarly to the untreated check plots.
 

The magnitude of the yield gap in the study area 

was determined from six representative farms. 

Farmers' input levels (Table 5) resulted in yields 

ranging from 3.0 t/ ha to 4.6 t / ha (Fig. 2)averaging 

3.7 t/ ha. High inputs brought about yields ranging 

from 3.1 t/ha to 6.8 t/ha and averaging 5.0 t/ha. 

The average yield gap was 1.3 t/ ha. 
In a separate experiment, the average yield gap 

from three farms was 1.1 t/ha. A high fertilizer 

CONSIIRAINTS ON RICE YIELD 327 



level did not contribute to the yield gap because of 
site. High insect control severe lodging at one 

contributed 0.7 t/ ha to the yield gap and high weed 

control an additional 0.7 t/ ha. 
Tarlac sites, 1982 wet season. Trials were con-

ducted in 14 rainfed farms - seven each at high 

and low elevations. At both elevations, yields with 

application at 58-13.2-24.9 kg (N, P, K)/ha were 
with no N

significantly higher than the yields 
K reducedfertilizer. The removal of either P or 

yield, but not significantly. Similar to previous 

results, Zn application (ZnSO4) did not increase 

yield. 
The yield gap between farmers' inputs and high 


inputs was determined from 32 fac'ms (Fig. 2), but 


the relative contribution of each test factor to the 


yield gap was determined only from 18 rainfed 


farms (nine each in the high and low elevations), 

Farmers' N rates were similar to the intermediate N 

level (Table 6). Insecticide applications averaged 
farmerstwo foliar sprays, and only 3 of 18 


practiced weed control. 

In high areas, yields with farmers' inputs aver-

aged 3.0 t/ ha; yields with high inputs, 4.9 t/ ha. The 

1.9 t/ha. In low areas, high
average yield gap was 

1.7 t/ha and intermediateinputs increased yield 
inputs 1.0 t/ha over farmers' inputs. Fertilizer 

in high
contributions to the yield gap were 67% 

elevations and 59% in low elevations. High insect 

control contributed 33% to the yield gap in high 

elevations and 29% in low elevations. 
CamarinesSur (Libmanan) sites, 1982 drJ' sea-

son. Experiments were conducted on seven irriga-

ted farms (two in the old area and five in the new). 

In the old irrigated area, fertilizer applications of 

two farmers averaged 53-1.7 kg (N,P)/ha. In the 

ne-.w area, the farmers' fertilizer applications aver-

aged a low 19-4.8-2.5 kg (N, P, K)/ha because two 

farmers applied no fertilizer. In both areas, farmers 

mainly used foliar insecticide sprays and either 

preemergence or postemergence herbicides. Two 

of five farmers in the new area did no weed control. 

Despite their application of 53 kg N/ha, farmers 

in the old area averaged 5.1 t/ ha, similar to the 
new area,

plots with no N application. In the 

farmers' applications averaged 19 kg N/ha, which 

resulted in yields similar to those in plots without 

N, indicating that the farmers' timing and method 

are inefficient. At both test areas, yields significantly 
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increased at least 1.0 t/ ha with the application of 80 

kg N/ha using the researchers' practice. Increasing 

the N rate to 120 kg/ hr, did not increase yield any 

further. 
area.Only N was limiting in the old Plots 

without added N yielded only 4.8 t/ha; plots with 

120-19.8-37.4 kg (N, P, K)i ha yielded 6.1 t/ha. 

Plots without added P or Kyielded similarly to the 

NPK plots. In the new area, there were significant 

responses to applied N and P but not to K. 

Dipping rice seedling roots in 2% ZnO suspen

sion before transplanting did not increase yield
 

anywhere. However, soil tests based on the avail

able Zn contents showed that all the sites, except
 

one, were Zn deficient. Because all the sites were
 

slightly acidic, the results suggest that pH may at
 

times be a more reliable soil parameter than Zn 

content in determining Zn deficiency. 

Sites with high-level insect control averaged 0.6 

(old) and 0.3 (new) t/ ha, better 'han sites with 

farmers insect control. In the old area, intermediate 

insect control gave a modest yield increase over the 

control. Fungicide application did not
farmers' 

the yield anywhere. Theresignificantly increase 
were no serious rice diseases during the DS. 

Farmers used predominantly IR36 and applied 

low inputs, particularly fertilizer (Table 5). In the 

old area, farmers' yields ranged from 2.5 to 5.0 t/ ha 

(Fig. 2) and averaged 3.7 t/ha. Yields with high 

inputs varied from 5.0 to 7.0 t/ ha, and averaged 5.9 

t/ ha. The average yield gap was 2.2 t/ ha. Similar 
in the new area. In both

results were obtained 
areas, yields with intermediate-level inputs were 1.4 

t/ ha higher than tile farmers'. 

The contributions of fertilizer, insect control, 

and weed control to the yield gap were determined 
new areas.

from five trials each in the old and 


Farmers' ',ie!6s averaged 3.7 (old), and 3.9 (new)
 

t/ ha. The yield gap averaged 2.2 t/ ha for both sites.
 

Improved fertilizer application accounted for more
 

75% of the gap; improved insect con' ol
than 

most of the remainder. Farmersaccounted for 

adequately controlled weeds.
 

CaniarinesStir (Libmanan) sites, 1982 wet sea

son. Trials were conducted in various water regimes 

- - low and high elevations in the rainfed area, and 

old, new, and flood-prone sites in the irrigated 

area. 
At rainfed sites in both low- and high-elevation 



Table 5. input levels used in farmers' irrigated fields in three areas in the PhilippInes. 1982 DS. 

Water regime Input level 

Tarlac 
Farmers'Irrigated 
IntermediateIrrigated 
HighIrrigated 

CamarinesSur (Libmanan) 
Old irrigated area Farmers' 
Old irrigated area Intermediate 
Old area HighNew irrigatedirrigated area Farmers' 

New irrigated area Intermediate 
New irrigated area High 

CamarinesSur (San Fernando) 
Farmers'Irrigated

Irrigated Intermediate 

Irrigated High 

Insect controibWeed controlsFertilizer (kg/ha) 

C F GSites 

1.2 0.50 0.254 4B8 8.36 0 2.0 
6 80 19.8 37A 1.0 1.0 

3.0 
6 120 19.8 37.4 1.0 1.0 3.0 

5 42 2.6 3.3 0 0.8 2.0 0 

80 198 37.4 1. 1.0 1.2 02 
5 

120 19.8 37.A 1.0 1.0 3.0 2.0
5
8 19 4.0 2.5 0 0.6 1.8 02 

8 80 19.8 37.4 1.0 1.0 1.1 02 
1.0 2.4 2.0

8 120 19.8 37A 1.0 

0A 0.8 0.5 1.1 2.2 0 
11 25 
11 80 19.8 37A 1.0 1.0 2.5 0 

11 120 19.8 37A 1.0 1.0 3.4 2 

(M) weedings, either by hand or by rotary weeder, and chemical (C) herbicide applica ions. bAv 
aAv no. of mechanical 

or granular (G) applications (furadan, diazinon, etc.) to rice field 
no. of foliar (F) sprays (azodrin, gusathion, etc.) 

water. 

Table 6. Input levels used in rainfed farms in Tarlac, Philippines, 1982 WS. 

Weed Itsect 

Landscapeposition 
Input
level 

Sites 
(no.) Fertilizer (kg/ha) 

controls 
(no.) 

controlb 
(no.) 

N P K C M F G 

High 

Low 

Farmers' 
Intermediate 
High 
Farmers' 
Intermediate 
High 

9 
9 
9 
9 
9 
9 

23 
29 
58 
32 
29 
58 

4A 
13.2 
132 
16 
13.2 
13.2 

5.0 
24.9 
24.9 

7.5 
24.9 
24.9 

0.2 
1 
1 
0.1 
1 
1 

0 
1 
1 
0 
1 
1 

2 
2 
3 
2 
2 
3 

0.2 
1 
2 
0.1 
1 
2 

no. of mechanical (M) weeding, either by hand or by rotary weeder, and chemical (C) herbicide applications. bAy 
aAv or of granular (G) applications (furadan, diazinon, etc.) to rice field 

no. of foliar (F) sprays (azodrin, gusathion, etc.) 
water. 

areas, yields with 29 kg N/ha did not significantly 

differ from those with 44 and 58 kg N/ha, but were 

significantly lower than those with 87 kg N/ha. 

Trials at all N levels significantly outyielded .he 

farmers' level regardless of elevation because most 

farmers did not apply fertilizer. In nine low-

elevation trials, there were significant responses to 

N and P applications but not to added K. At the 
re-was a 

sponse to N application only. There was no yield 

response to basal application of zinc sulfate (com-

10 kg/ha, suggesting that the 

high elevations, there significant yield 

mercial grade) at 
rainfed sites were not Zn deficient. 

wasYield-gap magnitude at the rainfed sites 

determined from II trials in the low elevations and 

trials in the high elevations. Four highseven 
elevation and two low-elevation farmers direct-

IR36 and IR747 wereseeded on puddled soils. 

predominantly planted at the low elevations and
 

IR50 at high elevations.
 
At high elevations, yields with farmers' inputs 

ranged from 1.7 to 4.1 t/ha (Fig. 2), averaging 2.9 

t/ ha; yields with high inputs ranged from 3.2 to 5.9 

t/ha, averaging 4.5 t/ha. At the low elevations, 

yields with farmers' inputs ranged from 2.4 to 4.6 

t/ha, averaging 3.4 t/ha; yields with high inputs 
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ranged from 4.0 to 5.8 t/ ha, averaging of 4.7 t/ ha. 

Average yield gaps in the rainfed trials were 1.6 
t/ha.and 1.3 (low-elevation)(high-elevation) 

Regardless of elevation, low yields with farmers' 
little or no

inputs were associated mainly with 

fertilizer application. Five of seven high-elevation 

farmers and eight of I I low-elevation farmers did 

stress at variousnot apply fertilizer. Moisture 
in the high

growth stages further reduced yields 

elevations, 
Farmers used few inputs, particularly fertilizer 

('Table 7). At low elevations, fertilizer contributed 

to 52.6% of the 1.5-t/ha yield gap, insect control 

31.6%, and weed control 15.8%. At
contributed 
high elevations, fertilizer contributed to 69% of the 

1.6-t/ ha yield gap, insect control contributed 19%, 

and weed control 12%. 

At the irrigated sites, yields at all N levels were 
at the latecomparable. Severe typhoon damage 

reproductive and ripening stages resulted in serious 

yield losses particularly at high N levels. A signifi-

cant yield response to N application occurred in the 

old area, but not in the new and flood-prone areas. 

In all areas, responses to P and K applications were 

There was no significant yieldnot significant. 

response to Zn application (10 kg ZnSO./ha) 


although soil analyses revealed zinc deficiency at 


most sites. 

wasYield-gap magnitude at the irrigated sites 

determined from eight trials in the old area, 10 in 

the new, and three in the flood-prone. The various 

input kvels are in Table 7 and yield-gap variations 

are shown in Figure 2. IR50 and IR36 were the 

predominant varieties. 
to the yield gap in the

Input contributions 
irrigated areas were determined from six trials each 

in the old and new areas and two in the flood-prone 

area. Old-area farmers applied more fertilizer. The 

average yield gap between farmers' and high inputs 

was 1.2 t/ ha in the old area, 0.7 t/ ha in the new, and 

1.6 t/ha in the flood-prone. Fertilizer contributed 

to 54% of the yield increase in the old area, 57% in 

theflood-prone, and 60% in the new. The remainder 

of the yield gaps in the new and flood-prone areas 

was attributed to improved insect control. In the 

old area, insect control accounted for 31% of the 

gap and weed control 15%. 

CamarinesSur (San Fernando)sites, 1982 dry 
on four irriseason. Experiments were conducted 

trials were direct-seeded on
gated far, is. Two 

two were transplanted. The cooperapuddled ' 
ting farmers applied N fertilizer only, averaging 33 

kg/ ha; used mainly foliar insecticide sprays, avera

ging 2.8 applications- and controlled weeds by 

hand or with herbicides. 
Yields with farmers' inputs averaged 5.1 t/ ha, 

plots without0.4 t/ha higher than those from 


added N; however, the increase was not significant.
 

Table 7. Input levels in farmers' fields with various water regimes in Libmanan, Camarines Sur, Philippines, 1982 WS. 

Sites(no)Wate reimelevel InputWater regime 

Low-elevation, rainfed 

High-elevation, rainfed 

Old irrigated area 

New irrigated area 

Flood-prone, 

irrigated area 


7 
Intermediate 
Farmers' 

7 
High 7 

5Farmers' 
5 

High 5 
Farmers' 

Intermediate 

6 
Intermediate 6 
High 6 
Farmers' 6 

6Interunediate 
High 6 
Farmers' 2 
Intermediate 2 
High 2 

Insect 
controlb 

Weed 
controlaFertilizer (kg/ha) 

F GN P K M C 

2.0 0
8 1.8 3.3 0.3 0.8 

29 13.2 24.9 1.0 1.1 1.6 0 

58 13.2 24.9 1.0 1.1 3.4 2.0 

0 0.8 0.8 0
13 0 0 
26 13.2 24.9 1.0 1.6 1.2 0 

52 13.2 24.9 1.0 1.6 3.4 2.0 

40 62 5.0 0 1.0 2. 0 
1.0 0.2

29 13.2 24.9 1.0 1.0 

58 13. 24.9 1.0 1.0 4.0 2.0 
1.5 0

33 3.5 1.7 0.3 0.8 
1.5 0.2

29 13.2 24.9 1.0 1.0 
3.5 2.0

58 13.2 24.9 1.0 1.0 
0 1.0 1.5 0

14 1.8 0 
22 13.2 24.9 1.0 1.0 0.5 0 

44 13.2 24.9 1.0 1.0 2.5 2.0 

(M) weeding, either by hand or rotary weeder, and chemical (C) herbicide applications. bAv. no. 
aAv no. of mechanical 
of foliar (F) sprays (azodrin, gusathion, etc.) or of granular (G) applications (furadan, diazinon, etc.) to rice field water. 
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8 

N averaged 1.5 t/ ha. Only added N was needed to 
Yields from plots with 80 and 120 kg N/ha were 

was no response to Zn
achieve high yield. There 

comparable and significantly higher than yields 
treatment (as a seedling dip in 2% ZnO suspension 

from the farmrs'N level and the unfertilized plots, 
kg (N, P, K)/ha before transplanting) anywhere. High insect control 

Yield responses to 125-19.8-37.4 
gave no significant yield increases. Helminthospo

were comparable with those to either NK or NP 
rium leaf spot at the late reproductive stage did not 

treatments. Reduced yields in plots without added 

Yield(t/ho)
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2. Yield gap variations among farmers' fields and vrieties in irrigated and rainfed farms at three sites 
= 

in the 

intermediate elevation, 0 old 
= 
= high elevation, L low elevation, I = 

Philippines, 1982 DS and WS. H 


new irrigated area, FP 
= flood-prone area. 
irrigated area, N = 
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withoutaffect yields. Yields of plots with and 
fungicide were similar, 

The average yield gap from II farms was 1.6 

t/ ha. Yields with farmers' inputs were low (Fig. 2) 

because most of the farmers applied no fertilizer. In 

seven farms, yields with farmers' inputs averaged 

4.0 tha, 1.6 t, ha lower than those with high 

inputs. Fertilizer contributed 78(4 to the gap; 

improved insect control accounted for 16%. Weed 

a modest 6%, indicating that
control contributed 

the farmers adequately controlled weeds. 


CamarinesSur (San Fernando)sites, 1982 wet 
on rainfed 

season. Trials were conducted mainly 

farms (10 each at high-elevation and intermediate 

areas and nine at low-elevation areas). Five low-

elevation trials were flooded out. 

Yields with farmers' inputs at the intermediate 

and high elevations were significantly lower than 

test N levels becausethe yields with all most 

no fertilizer. At the intermediatefarmers applied 
elevations, yields significantly increased up to 58kg 

N / ha. At the high elevations, the average yield with 

29 kg N !ha was not statistically different from that 

with 44 kg Nj ha, but significantly lower than that 

58 kg N 'ha. There was no further yield
with 

ha. At low elevations, yields
response to 87 kg N 

were comparable at all N levels. Response to added 

was significant only at the intermediate eleva-
P 
tions. At low elevations, response to N PK fertilizer 

was not significant. Application of 10 kg ZnSO4 / ha 

stimulated no additional yield anywhere. 

Yields with farmers' inputs were 0.7 t! ha lower 

than those with intermediate inputs at all eleva-

tions. Farmers obtained low yields because most Of 

them did not apply any fertilizer. 
Yield-gap magnitude in the rainfed areas was 

determined from 5 trials in the low elevations, and 

and high elevations.13 each in the intermediate 

Input levels are in Table 8 and yield gap variatinns 

in Figure 2. Yields with high inputs ranged
are 
from 2.4 to 7.3 t! ha. The average yield gap was 1.4 

t/ha. In a separate experiment, the average yield 

gaps from representative farms were0.9t/ha at low 

elevations, 1.6 ti ha at intermediate elevations, and 

1.7 t/ha at high elevations. Fertilizer contributed 

from 63% (low) to 80% (inter! ediate) to the gap. 

Profitability of researchers' and farmers' prac

tices (AgriculturalEconomics). Reducing the yield 

gap. At each site, researchers' and farmers' practices 

were compared for profitability. In monetary 

terms, researchers' yields were higher, from $90 to 

$230, than farmers'. However, the added cost of the 

researchers' practice exceeded that of the farmers' 
cost of

by about S140-$225/ha. The incremental 

the researchers' practice was less in Tarlac than at 

the rainfed Camarines Sur sites because farmers' 

t Tarlac were closer to the researchers'input levels 

levels.
 

'Fable 9 shows that farmers would have been 

worse off by adopting the researchers' practice as a 

package at the Camarines Sur sites. However, at 

the plateaus in Tarlac, farmers could have made a 

profit using the researchers' practice. 
of shifting each technologyThe profitability 

was com
component to the researchers' practice 

puted using partial budgeting (Table 10). Two 

Table 8. Input levels in rainfed farms in San Fernando, Camarines Sur, Philippines, 1982 WS. 

InsectWeed 
controlbcontrol 

a 

Sites Fertilizer (kg/ha) 

Landscape 


Input level (no.) C F Gposition K MN P 

2.0 00.8 1.2
5 6 0 0 

0Farmers' 2.0Lcw-elevation 24.9 0.6 1.026 13.25Intermediate 1.0 2.0 1.80.65 52 13.2 24.9
High 1.1 2.5 00914 0.4 0.810Farmers' 2.0 0Intermediate 24.9 0.8 1.113.210 28Intermediate 1.1 2.0 1.90.813.2 24.910 55 0High 2.20 0.4 1.9 
Farmers' 2.0 0High-elevation 9 2 0 

24.9 0.8 1.3
9 27 13.2Intermediate 1.3 2.0 1.60.89 55 13.2 24.9

High 

or by rotary weeder, and chemical (C) herbicide applications.bAv 
aAv no. of mechanical (M) weeding, either by hand 

or of granular (G) applications (furad3n, diazinon, etc.) to rice field 

no. of foliar (F) sprays (azodrin, gusathion, etc.) 

water.
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bot:omlands of San Fernando. P was not profitable
profitability measures were used. Net benefits had 

to close the yield gap with insect or weed control. 
to be positive and the B:C ratio had to exceed 2.5. 

are concerned with profit level and 
the average, it was profitable to increase Farmers 

of theOn 
stability. The dispersion of the benefits 

fertilizer to 58-30-30 kg (N,P,K)/ ha except in the 

Table 9. Economic performance of anticipated high-level combination of three inputs and farmers' level of those inputs
 

En three areas of the Philippines, 1982 WS.0
 

Increase (decrease) ($/ha) over farmers' level from 

high inputsb
Sites(no.)Location, water regime 

Input cost ProfitOutput value 

Camarines Sur
 
Libmanan (90)
198 

Irrigated (new) 13 108 
(23)

14 156 179 
Irrigated (old) 214 (83)
 
Irrigatedc (bottomland) 5 131 

220 (20)
6 200Rainfed (plateau) 215 (34)18114Rainfed (plain) 

San Fernando (9)212 221
Rainfed (plateau) 16 (27)21519021Rainfed (plain) 224 (136)887Rainfedd (bottomland) 

Tarlac 76151227Rainfed (plateau) 16 
129 138 (9)16Rainfed (plain) 

no yields because of floods. dsix sites 
aAnalysis based on type 1 and type 2 experiments. bUS$1 P 9. CTwo sites had 


had no yields because of floods.
 

Table 10. Economic performance of anticipated high levels of three inputs and farmers' current practices in three areas 

of the Philippines, 1982 WS. 

Increase (decrease) over farmers' level 

Location, Sites Weed controlc 
water regime (no.) Fertilizera Insect controlb 

Farmers' Profit d B:C Farmers' Profit B:C Farmers' Piofit B:C 
ratio

[kg (N, P, K)/ha] ($/ha) rltio ($/ha) ($/ha) ratio ($/ha) ($/ha) 

Camarines Sur
 
Libmanan
 5 (98) 0.2 7 (17) 0.4 

Irrigated (new) 6 33-3.5-1.7 15 1.4 
10 (82) 0.3 7 (6) 0.C

6 40-6.2-5.0 58 3.2Irrigated (old) 
63 2.1 7 (67) 0.5 5 (18) 0.4 

Irrigated (bottomland) 2 144.8-0 
85 2.4 2 (99) 0.2 4 (6) 0.8 

Rainfed (plateau) 4 10-00 
8 (60) 0.5 9 (7) 0.7 

Rainfed (plain) 6 5-0.9-1.7 52 1.8 

San Fernando 
104 2.6 5 (92) 0.3 4 (21) 0.3 

Rainfed (plateau) 8 6-0-0 
Rainfed (plain) 11 7.0-0 73 2.2 5 (102) 0.2 7 (2) 0.9 

1.0 5 (127) neg 3 (19) 0.4 
Rainfed (bottomland) 4 2.0-0 (1) 

Tarla:, Tarlac 
3.3 42 (13) 0.8 15 (5) 0.7 

Rai fed (plateau) 9 23-4.4-5.0 101 
14 7 0.481 3.2 41 (12) 0.9 

Rt -fed (plain) 9 32-2.6-7.5 

P, K)/ha; farmers' levels of fertilizer are average of surveys conducted at 
aResearchers' fertilizer level, 58-30-30 kg (N, 

different locations and water regimes. bResearchers. insect control, two granular applications plus 2 foliar sprays cost

ing $132/ha (US$1 = 119). cResearchers' weed control, one granular application of butachlor, 1 foliar application of 2,4-

D plus 1 hand weeding costing $33/ha. dAt rough-rice price of $139/t in Camarines Sur and $144/t in Tarlac. 
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Probability of researchers' 

fertilizer prWCice boing more 
profitable than the farmers' 

. 

Rainfed, . 
Ubmonan / Rainfed,Torloc9 


'/7 .-


,/ / 

/hectare5 

/X,4 

3 ioffIigated,oX 
Rainfed, San Fernando 

.2 

75 " 
0 -125 -75 -25 0 25 75 125 175 225 

Net benefit (s/na) 

3. Smoothed cumulative frequency distribution of net benefits 

of researchers' fertilizer practices over the farmers' Libmaran
 

and San Fernando, Camarines Sur. and Tarlac, Philippines, 

1982. 

researchers' fertilizer practice over the farmers' is 

shown in Figure 3. In all cases, itwas profitable to 

use the researchers' fertilizer rates at Tarlac. How-

of the farmers 
ever, in Camarines Sur, 15-30% 

would have been worse off by increasing fertilizer 
as deter-and variabilityIncome stabilityrate. are

of farmers' fertilizer managementminants 

being examined. 


Soil nutrient sources (Agricultural Economics).
it was profitable to apply N 

In most circumstances, 


rates as high as 58 kg/ ha. It was not profitable at
 

the bottomlands in San Fernando and Libmanan, 

where the probability of losing the crop to flooding 
new irrigated area in

is substantial, nor at the 

Libma&,:i .
 

P application was marginally profitable at most 

sites. Apositive response to K was recorded at all 

but the rainfed plains in Libmanan. At four sites it 

was clearly profitable to apply K and at two sites, 

marginally profitable. 

RAINFED RICE PRODUCTION 

Agricultural Economics Department 

Crop response, site, and managed factors. Experi-

mental sites. The difference in productivity of 

among experimental locations
managed inputs 
and the relationship of these differences to site-

specific parameters were examined in a set of 

rainfed rice experiments at San Fernando. 
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A quadratic response function was estimated for 

the plateau, plain, and bottomland areas. The form 

of the function was: 

Ib• XI + 2 X2X + b 
+ 

Y = a + b i X 3i + b41 X4 
+ % b )6i + e(1t5i 

where Y, is yield rough rice in kilograms per
 
for site i:
 

is kilograms of N per hectare;
 

X 2 is the square of N applied (X, 2);
 
3 is expenditures for insect control(sha); 

X4 isexpenditures for weed control 
($/ha); 

X 5 is pooled early and late moisture stress 

days; 
X6 interaction between N (X,) and 

moisture stress (X,); 
X7 variety dummy equal to I for farns 

planted to IR747 and 0 otl-rwise; 
prorte. 

properties. 

The procedure used to obtain estimates of the 

parameters of tile production functions involved 

construction of a dummy variable for each water 

regime and fitting a multisite regression model: 

U (2)Y._kjkjXkyIX 
3 7 + 

1if farm is on plateau, 0 otherwise;where D, = 
I if farm is on the plain, 0 otherwise;D 
I if farm is on the bottomlands, 0D3= 
otherwise; 

aj, and bAj are parameters; and u is an error 

term. 

Site production functions. The estimntes of the 
Difpooled production function are in Table 11. 

ferences in values of coefficients between produc

tion functions are observed in each row of coeffi

cients in Table 11. The base yield increases from the 

bottom land area to the plateau. Alternatively, the 
a measure

moisture stress by N coefficient (b6) 

of the negative comple mentarity between moisture 

ishighest at the plateau. The same is 
stress and N 
true with the stress coefficient. 

Marginal analysis. The yield effect of a one-unit 

change in each input is in Table 12. At the average 



Table 11. Rainfed rice production functions for different 'andscqe positions,San Fernando, Camarines Sur, 1981-82. 

Variable 

Constant: a 
N: b1 

Insecticide: b3 
Weed control: b4 
Moisture stress: b5 
N X moisture stress: b6 
Variety dummy: b 7R20.51 

F-ratio 
Standard error of Y 
n 

Unit 
Plateau 

3057.04 
kg/ha 37.77* 
kg/ha -0.11 
$/ha 	 0.55' 
$/ha 1.28" 
d -37.13' 
N.d -0.60' 
0, 1 -924.04* 

32D5 
kg/ha 691.37 

696 

Yield Wtho) 

Table 12. Mean marginal productivitias of all variables for 4 

different landscape positions, San Fernando, Camarines 
Sur, Phiippines, 1981-82. 

Marginal productivity 3 

Landscape 
position N Insec-

ticide 
Weed 

control 
Stress Variety 

Plateau 13.20 0.55 1.28 -55.20 -924.04 
Plain 17.80 0.84 0.93 -2820 -656.79 
Bottomland 10.60 0.47 1.16 -31.40 -325.41 

N level and other inputs during the year, 1kg of 

added N resulted in 13 kg of additional yield on the 

plateaus, 18 kg in the plains, and II kg in the o 

Rice production function 

Plain 

2873.32 
34.96" 
-0.13 
0.85 
0.93 

-18.04" 
-0.34 

-656.79" 

Bottomlend 

2272.83 
39.69* 
-0.34" 

0.7 
1.16 

-19.57' 
-0.40' 

-325.41 

Y=2172+1995N-O11N2
 

""--O1eNu
 
Y2598+25.46N-.13N2 

Botlomlond
Y= 2045+3095N-O34N2 

MVP ( 0,14/kg)bottomlands. The average productivities of inputs 

in 1981-82 were similar to those obtained during 

1980-81 (Annual report for 1981). 
The yield reduction attributed to an extra day of 

drought was highest on the plateaus, indicating a 

more intense moisture stress effect than on the 

plains and bottomlands (Table 12). The yield 
difference between IR36 and IR747 (a short-season 
cultivar) was more pronounced in the high land
scape; IR36 yielded 0.9 t/ha more than IR747. 

Optimal nitrogen rates. N response functions 

were derived from the production function using 
average values of other variables for each water 
regime. The implied optimal N levels were com-

puted using prevailing fertilizer and rice prices -c 

$0.75/kg N and $0.14/kg rough rice (Fig. 4). The 

implied optimal N levels, assuming all site factors 
were at their mean values, were 36 kg/ha forN 

4 

[ 

2 

I 

I 
".........--- ... ....- n---o$ s5 

0 1 

0 30 60 90 
N (kg/ha)k/o 

120 

4. Marginal value produce (MVP) curves for thre water 
rainfed rice. San Fernando, Camarines Sur,bottomlands, 71 kg for the plains, and 55 kg for 	 regimes, 

Philippines, 1981-82.plateaus. 
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60 

Optimal N Mte (kg/lo) 
so 

40 -30 

20 	 L 


0 0 50 D t iM100 150 

rate(0/)Discouint 

Implied optimal N use with three water regimes and rates of
 

discount, rainfed rice. San Fernando, Camarines Sur, 

Philippines, 1981-82. 


5. 

High-profit N rates were recalculated with pre-
cost of capital may

vailing interest rates. This 

reflect the cost of borrowing money (often in excess 

of 100% in the region) as well as a premium for risk. 

The optimal N level was sensitive to the capital cost 

(Fig. 5). For example, at a discount rate of 150%, 

to 21 kgiha on theN use decreasedoptimal 
bottomlands, 34 kg on the plains, and 13 kg on the 

plateaus. 
The negative interaction between crop response 

to N and the incidence of moisture stress implied 

that optimal N rates decreased as moisture stress 

increased (Fig. 6). At the high elevation, moisture 

stress is most likely to occur and the optimal N rate 

is most sensitive to the incidence of moisture stress. 

Returns from applying fertilizer were higher on the 

plains than on the bottomlands or plateaus. More 
atapplied fertilizer on the plains, and

farmers 
higher rates, than on the bottomlands or the more 

drought-prone plateaus (Table 13). 

Farmers'fields. The preceding analysis of yield 

variability was related to experimental conditions 

where the managed factors were controlled. Rice 

production variability among farms was evaluated 

similarly. The data were derived from agroecono-

mic surveys of farmers at the research site. During 

each season, a sample of 80 farmers was selected. 

made after crop establishment
Farm visits were 

and after harvest to collect data on crop manage-

ment, input use, and crop output. 
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Optimal Nrate (u/ha) 

50 	 Discount rate = 150% 

Plain
40 

Boionlodad isoutm/e=50' 

20 

10 -Plateau 

-0 	 I
30 35 400 20 25 

Misture stress (d) 

6. 	Optimal N rates at various levels of moisture stress with
 

Fernando, Camarines
 
three water regimes. rainfed rice. San 

Sur, Philippines, 1981-82. 

to relateestimatedRegression models were 
rice yields to managed and 	 site-,

farm-specific 
related factors. The final set of variables included 

in the model were 
* Expenditure on variable cash inputs in $/ha 

(CI); 
* Total moisture stress, in days (SS); 

to I for IR747, 0 
* 	Dummy variables equal 

otherwise (V); 

0 Dummy variable equal to I for farms larger 

than 3 ha and 0 otherwise (AI); 

9 Season dummy equal to I for second crop and 

equal to 0 for first crop (SD); 
I 	for

* Crop establishment dummy 	equal to 

WSR and equal to 0 for TPR (ED).
 

Results are presented in Table 14.
 
the most important

Total moisture stress was 

factor identified as affecting yield variability among 

farms - it accounted for more than 70% of the 

. Cash input differences accounted
unadjusted R2 

of the variation, which implied
for another 15% 

that it would be profitable for farmers to use high 

levels of herbicides and insecticides. A one-dollar 

expenditure would increase yield by about 18 kg-

than 2 to 1. Crop 
a marginal B:C ratio of more 

establishment accounted for about 7% of the yield 



Table 13. Farmers' adoption of N fertilizer and levels of usa, by landscape position, rainfed rice, San Fernando, Camc 
rines Sur, Philippines, 1981 132. 

Adoption (%) Level of use (kg N/he) 

Landscape position 1st crop 2nd crop Both 1st 1st crop 2nd crop Both 1st 

and 2nd and 2nd 

Plateau 20 23 22 22 a 25 a 23 a 

Plain 35 30 32 36 b 38 b 37 b 

Bottomland 25 20 22 20 a 22 a 21 a 

All positions 
X2 

25 
6.01 

18 
2.77 n s 

23 
3 .7 0 ns 

26 30 25 

Table 14. Least-square regression estimates of yield response function fitted to mrvoy data, San Fernando, Camarines 

Sur, Philippines, 1981-82. 

UnitVariable 

Constant kg/ha 
Variable cash inputs (C) $/ha 
Total moisture stress (SS) days 
Variety dummy (V) 0, 1 
Area dummy (Al) 0,1 
Season dummy (SDI 0, 1 
Crop establishment dummy (ED) 0, 1 
R2 

n2 
F-ratio (n1= 7, n2 = 152) 
Standard error of y kg/ha 
n 


Table 15. Comparison of mean marginal productivities of 
all variables between constraints survey and field experi
ments, rainfed rice, San Fernando, Camarines Sur, Phiip-

pines, 1981-82.a 

Variable 

Survey Experiment 

Cash inputsb 2.06 1.74 
Moisture stress -26.03 -38.27 
Variety 1dummy -280.54 -635.41 

1Av of plateaus, plains, and bottomlands. bSummed 
marginal productivities of insect control and weed control 

comparable with the specification of cash inputs in the 
sutvey production function. 

variability, which implied that transplanted rice 
outyizlded direct-seeded rice by about 0 5 t/ha. 
This value is similar to that implied by tabular 
analysis (0.6 t/ha) and to last year's finding, 

The effects of the two most important explana-
tory variables in the survey and experimental 

Proportion of explained 

Estimated variability due to 
coefficient factor (%) 

2852.22 
2.06 15
 

-26.30* 73
 
-280.54 4
 
-233.77 2
 
312.37* 2
 

-477.99" 7
 
0.41 
0.38 

15.36* 
834.95
 
160
 

production function were strikingly similar (Table 

15). The relationships in the farm survey agree with 

those in the experimental data. 
Farm size and resource productivity. Patterns of 

resource productivity among rainfed rice farms 

were investigated a, the San Fernando site. 

Agroeconomic surveys were conducted to deter

mine how farmers managed their rice crop. During 
each season, an 80-farmer sample was selected. 

land, capital, labor, draft animals, andData on 
other expenses were obtained during farm visits 
after crop establishment and after harvest. For 
analytical purposes, respondents were stratified 

into small (less than 0.7 ha of rice, 35% of sample); 
medium (0.7-1.5 ha, 40%); and large holdings 
(more than 1.5 ha, 25%). 

A Cobb-Douglas model of production was 
estimated for each of the three groups. With five 
variable inputs, the production functiun of each 
farm in any group was expressed as: 
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"'X, (
Xj, xi ij
Yo.=aj b2 2X3 Px1 b

where Yi is the gross income from rice, 
X, is land value; 

X2 is the value of stock of farm implements 

(capital stock); 

'X3 is the value of labor services; 
X4 is the value of draft animal services; 

X 5 is the value of agrochemicals; 
idenotes the ith farm; 
jdenotes thejth size group; 
a isa technical efficiency parameter, given 

the nature of the production function; 
Bs are the elasticities for thejth farm group; 

and 
e, is an error term with normal properties. 

Equation I was transformed to express output 

per unit of land as a function of a unit of land 
obtained by

measured in value terms. This was 

dividing all elements in equation I by the measure 

of land input, X1. Rearranging and dropping the 
group subscript: 

a , - 2x x , 

' "X"(2)= 
X, 	aX, 1i-1) X) 


(X4)h, (X5) 


X, Xt 

Because the sample was sorted by farm size, the 

variation in X, within a group is small. Thus, the 

this is unlikely to becoefficient for variable 
significant. Assuming constant returns to scale, the 

coefficient of X, in equation 2 is the sum of the 

one, that is zero. The modelelasticities minus 

reduces to: 


(3)-X3)',(X)" ,( X24,: 
X, XI X, X- X-

and the model to be estimated using the farm-

survey data becomes: 

j- aj+ 	b 2 V2+ b 3j' 3+ b41x4+ b5fr5+ u (4) 

where 
y in ( 

)(
2 


Lz A,a, In 
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X = L 

X3 =Ln
 

x= 	n (), 

x= 	L () 
ut
 
u th dlSturbance term.
 

Dummy vaciableswereconstructed for each size
 
category.The pooled Aodel estimated is:
 

+ - bkDkjrk + u (5) 

where D1 = I if land area is less than 0.7 ha, 0 

D otherwise; 	 abut less 
1 if land area isat least 0.7 habtls =2 
than 1.5 ha, 0otherwise; 

D3
= I if land area is 1.5 or larger, 0 

otherwise. 

The estimates of equation 5for the San Fernando 

farm data are in Table 16. 
an estimate of the tech-The constant term,- a, 

nical efficiency of each farmer group, was highest 

for the small farms. The output elasticity of capital 

was not significantly different from zero for any 

group. The labor coefficient, b;3, increased as farm 
onsize increased. Thus, increasing labor inputs 

large farms implied a higher productivity than 

small 	farms. The draft 
use onincreasing labor 

animal elasticity was significant for the small and 
medium farms, but not for the large farms. The 

coefficient for expenditure on chemicals was similar 

for the small and medium farms, but smaller for 

large farms. 
The values of the marginal productivities of the 

significant input factors are in Table 17. The values 

confirmed that the marginal productivity of labor 

is lower for small farms. For small and medium 

farms, it appeared that labor may be employed 

beyond the point at which the value of its contribu

tion to output exceeds its wage. By contrast, farms 



of the production from survey data for different-sized farms, San Fernando,
Table 16. Ordinary least-squares estimate 
CrnarinesSur, Philippines, 1981-82. 

Factor Small farm 

89.658Constant (a) 
0 0 0 3 nsCapital (b2 ) 
0203"* 

Draft animal (b4) 0.124 
Chemical expense (b5 ) 0.265 * 

R2 

Labor (b3) 


028 

fi2 0.373 

= 

F (n = 14,n2 146) 7903"* 


1 0916Standard error of y 
n 160 


Table 17. Value marginal products of factors at the mean, 
Camarines Sur, Philippines, 1982. 

Value marginal producta 
Factor 

Small Medium Large 
farm farm farm 

Labor 0.554 0.848 1.514 
Draft animal 0.248 1.l13 0.110 
Agrochemicals 4.732 5.119 3.925 

aThe marginal product in the context of the Cobb-Douglas 

may be expressed as: Y where bi isthe elas-
MPXi = 

ticity of output with respect to ith factor and Y/X i is the 
yield per unit of the factor; it also defines the marginal 
value product per unit value of Xi. 

larger than 1.5 ha appeared to be employing labor 

below the optimal level. However, the marginal 

productivities of fertilizer, insecticides, and herbi-

cides were uniformly high across farm sizes. 

Rice supply response and labor demand. Most 

estimates of rice supply and input demand relate to 
irrigated and favorable rainfed environments. 
Supply estimates also tend to be based on response 

to changes in input use. There are few reports on 
supply response or input demand as prices, either 
of input or output, vary. Fewer studies still fccus 
on less favorable rainfed rice environments. These 
parameters were estimated for such an environment 
- the Bicol region of the Philippines - using 
profit function analysis. 

The production process of Bicol rainfed rice 
farmers was assumed to follow a translog specifica-
tion for this analysis. By duality, the profit function 
is also translog and was specified as 

Elasticity 

Medium farm Large farm 

26.709 25.790 
-0.001ns
-0.)48 ns 

0.573" 

0.192* 0.017 
ns 

0.332=* 0"128* 

-

0.318** 

-

-
 -


-
 -


-
 -


-
 -


4 2 

in 7T*= 0"+ a ID, + )aiIn P +E bjin Z, 

144 122' 
.+ -n+ - 4 V In P in 

2 ,2 A-2 2 1=, , 1n 

- (1)InP*iInZ1+u++,X, ,_,16i. 

where ir*= the restricted profit which is total 

revenue less total vL.iable costs, nor
malized by the unit price of paddy 

(UOP); 
D1 =cropestablishmentdummy taking value 
D rpetbihetdmytkn au 

I for transplanted paddy and 0 other

wise; 
P/= real wage rate for labor man-days, 

calculated by dividing the total wage 

paid to labor, including imputed fam

ily labor, by the total number of labor 
used, all divided by the UOP. 

P= normalized pesticide price per 100 ml, 
obtained by dividing the total expendi

ture on pesticides used by the total 
amount of chemicals, in liters, and 
normalizing this ratio by UOP; 

P*4 normalized wage rate per day for land 
preparations, obtained by dividing the 
total expenditure on land prepara
tion by days of land preparation, and 
dividing this ratio by UOP; 

Z,= area in hectares of the surveyed farm; 
Z2= capital flow, inP, calculated as the sum 

of depreciation, maintenance, and op-

CONSTRAINTS ON RICE YIELD 339 



--

z 
8 2 - '1981 

demand functions for sample f armers in Camarines Sur, Philippines 

Table 18. Efficient estimates of the translog profit function and factor 
"0 

0,163)-(0.04 

X Efficient estimate 

"1 
WO 
GProfit 

Characteristic 

function 2.4400~~.01 

(5.48) 

Labor demand function 

function 

Machinery demand function 

11 

023
0230 

(0.11) 

C*2 

-0.41 

(0.0) 

(0.18) 

3 

-0.22 

(0.37) 

-022 
(0.32) 

4 

-0.55 

(0.46) 

-0.55(0.38) 

-2.02-20 

(120) 

2 

0.91 

(1.23) 

722 

-0.33 

(0.15) 

(0.13) 

72 3 

0.08 

(0.04) 

(0.03) 
0.08 

(0.03) 

724 

-0.25 

(0.12) 
0.25(0.10) 

-0.25
(0.10) 

73 3734 

-0.16 -0.3 

(0.08) (0.02) 

-0.16 -0.03 
(0.07) (0.01) 

-0.03
(0.01) 

-0.3-0.43.2-055 

(023) 

-0.43
(0.22) 

ll a12 022 621 622 532 632 641 642 

Profit function -0.29 
(0.18) 

0.A7 
(0.26) 

-0A2 
(0.24) 

0.13 
(0.06) 

-0.09 
(0.04) 

0.06 
(0.03) 

-0.09 
(0.05) 

0.16 
(0.09) 

-0.19 
(0.10) 

Labor demand function 
0.13 

(0.05) 
-0.09 
(003) 

0.06 -0.09 
Pesticide demand function 

0.16 -0.19 

Machinery demand function 


aFigures in parentheses are asymptotic standard errors of the estimates.
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ex-portunity costs of capital stock, 

luding the capital flow of land prepa-
ration equipment; and 

= u disturbance terms with normal pro-

perties. 

The factor demand functions for variable inputs 

were obtained by differentiating the normalized 
nor-

restricted profit function with respect to the 

malized factor price. From the translog profit 

function in equation I, the factor share functions 
are derived as: 

i 

In Pt + ,ij In Zj+ ui (2)
7r ai + A2 

i = 2, 3, 4. 

where xis are quantities of variable inputs: labor 

(2), chemicals (3), and animal and machine power 

(4) measured in man-days, liters, and animal-days, 


respectively, 


Aitken's estimation procedures were used to 

simultaneously obtain asymptotically efficient es-

timates of equations I and 2 (Table 18). The data 

used in this analysis were derived from the agro-

economic farm survey for the 1981-82 crop year. 

The profit elasticity for crop establishment (a,) 

was positive and shows that transplanting results in 

higher profit than direct seeding. This confirms the 

budget analysis reported in the Annual report for 

1981. The coefficients of the demand functions for 

labor, chemicals, and land preparation were statis-

tically significant with expected signs. These func-

tioi.s are nonlinear and decrease in slope as input 

levels increase, 
An advantage of the formulation jointly speci-

fled by equations I and 2 is that demand elasticities 

of variable inputs and output supply are estimated 

directly. A particular advantage of the translog 

model is that output supply and input demand 

elasticities are dependent on input levels, and not 

constant as implied in the usual Cobb-Douglas 

formulation of the profit function. 

The elasticities of rice supply and demand for 

labor derived from the estimates of equation I are 

in Table 19. The demand for labor with respect to 

Table 19. Derived own and cross-price elasticity estimates 

of rice supply and labor demanda, Camarines Sur, Philip

pine, 1982. 

Price of, quantity of Rice supply Labor demand 

Labor -0.21 -0.68 

(5.40) (5.96) 

Pesticides 
Machineries 

-0.41 
-0.18 

-0.37 
-0.21 

Land 

Capital flow 

Paddy 

(4.73) 
0.78 

(8.12) 
023 

(5.20) 
0.82 

(6.23) 

(4.92) 
0.84 

(8.70) 
0.12 

(493) 
121 

(920) 

as the
aFigures inparentheses are the symptotic F values, 

linear transformations of the paraelasticity estimates are 

meter estimates of the tanslng profit function.
 

its own price (i.e., wage rate) was inelastic (-0.7) 

within the observed price ranges. Thus, a 10% 

increase in wages would reduce the demand for 

labor in rainfed rice production in Camarines Sur 

by 7%, which in turn was estimated to bring about 

a 2% decrease in rice supplies. A 10% increase in 

the real price of chemicals would decrease the labor 

demand 4%. A similar increase in the real price of 

service would increase laborland preparation 
demand 2%. A 10% increase in pesticide price 

however, would bring about a 4% increase in rice 

supply or a 2% increase in land preparation cost. 

The rice supply and labor demand elasticities 

with respect to farm size were both less than 1.0. As 

farm size increased the demand for labor decreased 

(elasticity of 0.8) - thus labor-land ratios de

creased as farm size increased. Also, larger farms 

tended to have lower output per unit area than did 

smaller farms; a 10% increase in farm size was 

with an 8% increase in rice supplies.associated 
Rice supply was sensitive to rough rice prices. A 

10V increase in rough rice price was estimated to 

increase supply by 8%, but to increase the labor 

than 12%. Therefore, even indemand by more 
these adverse rainfed environments, rice price 

policies may have a significant impact on rice 

supply. Of equal interest, increases in the real price 

of rice may have a significant impact on the 

demand for labor in rainfed rice production. 
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NEW RICE TECHNOLOGY AND LAND TENURE 

Farmers who do not adopt new technology will 

not benefit from it. Because produ(tion increases 

brought about by new technology may result in 

lower prices, farmers who do not adopt the new 
classes ofbehind. Wholetechnology will fall 

farmers not adopting the new technology may 

contribute to widening income disparities. Tenant 

farmers may be a class of nonadopters. EconomisLs 

studying the consequences of new rice technology 

and rice-based cropping systems collaborated with 


colleagues in Thailand, Bangladesh, and Nepal to 


determine to what extent they differed from farmer-

owners in adopting new technology. 
modem iic varieties (MVs)Locations where 
been adopted to a moderateand fertilizer have 

so that new and old technologylevel were needed 
could be observed within a compact research area. 

Sites in Thailand, Bangladesh, and Nepal fit this 

situation. Because factors affecting production and 
across countries,the use of new technology varied 

each study was somewhat different. 

Yield and input use in Bangladesh. Four villages 

selected from Joydebpur subdivision of 
were 
Dhaka District. One hundred and thirty house-

holds were selected at random from all the village 

households. Twenty households headcd by landless 

laborers or absentee workers were excluded from 

Data were collected through
the farm survey. 
direct farmer interviews during several visits in the 

aus season. All rice was rainfed.1981 
A complete survey identified owned, rented (in 

out), and mortgaged (in and out) types of 

tenure. Different leasing a,.angements were iden-

the basis of the terms and 

and 

tified and defined on 


conditions of output and input sharing. 


Because many farmers owned and rented land, 

the parcels operated were categorized under dif

ferent tenure systems and the differences among 

categories of parcels, rather than farms, deter

mined. 
All parcels were classed into four tenure cate

gories. Because the mortgaged and leasehold par
on 

were very few, the analysis was focusedcels 

owner-operated parcels and share-tenant parcels.
 

Data from all parcels in the two categories were
 

In addition, 30 owner-tenant 
 farms
compared. 

were selected. From these farms, 30 owned parcels
 

(OPs) and 30 share-rented parcels (SRPs) pro

ducing MVs were compared for yield, input use,
 
pattern, and croppingMV adoption, cropping 

intensity. 
OPs had significantly higher yields than SRPs, 

for both the paired parcels and all parcels. The 

difference was 0.53-0.64 t/ ha. OPs yielded 15-20% 

higher than SRPs. M Vs yielded significantly higher 

than the local varieties 	(LVs). 
power inputs, preharvestPreharvest animal 

labor, seeds, manure, and fertilizers were compared 

(Table 1). Farmers used significantly higher 

amounts of manure on OPs than on SRPs. Animal 

labor, human labor, seeds, and fertilizer did not 

differ significantly betv -en OPs and SP Ps. 

Only 43 of 110 farmers used credit, only seven 

sources. The banks
obtained credit from formal 

own their
give no credit to farmers who do not 

land. The credit source of 89% of the borrowers 
33% interest rate. 

was moneylenders charging a 

Therewere nodifferencesincredit source by tenure 

group. 
The parcels were arranged by cropping pattern. 

A LV -fallow- MV pattern was used on 65-85% of 

the land. Tenure made no difference, for either the 

Table 1. Average input use on OPs and SRPs pioducing MVs, fotur villages, Dhaka District, Bangladesh, 1981 aus season. 

Ieed 
Peharvest labor (d/ha) 

(kg/ha)HumanbAnimala 
60 parcels on 30 farms 

62.2110.136.2OP 54.0104.337.5SRP 
144 parcels

60.6110.736.6OP 52.895.435.1SRP 

'Preharvest animal labor. bPreharvest human labor. 
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FertilizerManure 
(kg/ha)(t/ha) 

213.33.3 
213.71.3 * 

270.0 
3.0 

197.91.0" 
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entire sample or the paired parcels (Table 2). A 

slightly greater proportion of the SRPs followed a 

three-i.ice cropping pattern, but the difference in 

cropping intensity between OPs and SRP. was not 

significant. 
MV adoption was significantly higher on OPs 

for the paired parcels during the boro season and 
aaus season. Comnarison of all parcels showed 

significantly higher adoption of MVs in the boro 

season only. 
A detailed analysis was made of the income and 

productivity for the atis season crop. Value of iice 

production in the aus season was 50-75% higher on 

parcels growing MVs than on those growing LVs 

(Table 3). Yields reported by owners were higher 

for MVs, but were not associated with differences 

in paid-out costs of inputs such as fertilizer, power, 

and labor. For example, owners and share-tenants 

growing MVs spent the same amount on inputs, 
16% higher yields. Althoughbut owners had 

output was the same, share-tenants spent 30% 

more than fixed-rent tenants growing MVs. In

dividual input levels of the three tenure categories, 

both purciased and family-supplied, were similar 

(Table 4). 
Returns above paid-out costs represent the 

income earned by resources committed to produc

tion by the farm family. This shows the largest 

impact of differences in tenure arrangements. OPs 

returned much greater earnings to farm families 

than SRPs simply because owners pay no rent. The 

above paid-out costs were substantiallyreturns 
higher for MVs than for LVs. 

The possible reasons for the productivity dif

ferences were analyzed using estimates of a Cobb-

Douglas production function (Table 5). The esti-

Table 2. Cropping pattern of OPs and SRPs of the same farms, four villages, Dhaka District, Banglade.th, 1980-81. 

144 parcels30 parcels 

Cropping pattern SRPOPSRPOP(amar-boro-aus) 

Area AreaArea Area (ha)(ha)(ha)(ha) 

0.00 0 0.00 0.0 0.00 0 
MV - MV 0.00 0MV - 10 1.03 6 

MV 0.51 4 0.92 8 4.55 
LV - MV-

0.40 3 2.09 4.0 0.51 3 
- MV 0.00 0LV - LV 4.0 0.35 2

C 35 3 1.650.00 0LV - MV - LV 0.70 2.0 0.20 1
0.20 20.57 4- LV - LV 0.02 -LV 0.10 0.00 0.00 0

MV 0.00MV - fallow 
84 784 66 34.97 74.0 11.72 70 

LV - fallow - MV 10.82 2.89 173.19 7.08 2.20 18
LV - fallow - LV 1.03 

100 16.72 10047.2511.91 10012.93 100Total 

Table 3. Farm income obtained on land operated under three types of tenure by 130 sample farmers, Dhaka district, 

Bangladesh, 1981 aus season. 

Income@ ($/ha) 

Tenure type Output Paid-out LandPeturn above Family-supplied 

resourcesbpaid-out corts
input costsvalue 

MV 
499517

647 130 n
Owner 165149556 129 27b
Share-tenant 193242212554 99Fixed-rent 

LV 
4650 29377370Owner 1908617790353 

79 244 30 

Fixed-rent 

Share-tenant 172 

353 

aUS$1 = TK16. bInputed value of family-supplied land, labor, and capital. 
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130 sample farmers. Bang-
Table 4. Paid-out and farm-supplied inputs on land operated under three tenure categories, 

ladesh, 1981 aus season. 

Input value' (S/ha) 

Tenure type Variety Land Total'LaborAnimal powerFertilizer Manure 

Paid-out costs 
13011 84 10035Owner MV 79 278 407120

Share-tenant MV 35 
0 8 56 21, 311 

Fixed-rent MV 36 
7749 00

Owner LV 20 8 
49 177 267

0
Share-tenant LV 25 13 

48 244 3237024LVFixed-rent 
Family-st'ppiledinputs 

103 308 499 
0 20 50 

Owner MV 97 0 165
 
Share-tenant MV 0 7 47 

97 0 193
 
Fixed-rent MV 0 0 59 


46551 138 247
0 10Owner LV 54 115 0 190 
0Share-tenant LV 0 

84 0 172590 9LVFixed-rent 

a$1 = TK16. blncludes some minor costs in addition to those list. 1. 

OPs. The fixed-rent dummythan those used on 
Table 5. Estimated coefficients and t values of the Cobb-

variable was not significantly different from zero. 
Douglas production function for rice output per parcel, 

Resource productivity was more satisfactorily
sample farmsDhaka district, Bangladesh, 1981 aus season. 

30 farms esLtnated for the MV parcels.
All farms 

60 parcels The only measured difference between OPs and
Independent 

SRPs was in the level of applied organic matter
variable 158 parcels 39 parcels MVs 


MVs LVs
 (OM). Farmers apparently apply their farmyardMsLs 


OM on owned fields rather than on rented fields,
Land 0.51 0.69 0.51 

(6.5) (3.8) (4.2) 
0.29 -0.14 0.08 probably recognizing that the long-term effects of 

Animal power OM may outlast their rental rights. The higher OM 
(4.4) (0.6) (0.9) 

0.21 levels seem to increase the productivity of other0.23Labor 0.03 
(0.6) (1.6) (2.3) 

inputs.0.01 0.01 0.01
Manure Yields were 15% higher on owner-operated land 

(2.0) (0.2) (2.1) 
than on share-tenant land because of a combina-

Fertilizer 0.15 0.13 0.17 
(3.5) (0.9) (4.0)

-0.15 tion of small differences rather than a single major 
Share-rent dummy -0.13 -0.03 

difference. There were no large differences in use of 
(2.9) (0.2) (2.0) 

modern inputs by tenure category although there
Fixed-rent dummy 0.01 0.01 

(0.1) (0.1) use on share-tenant land. was slightly lower MV 
6.17 6.25 5.38

Constant was applied at significantly different
(22.7) (7.8) (12.4) Only OM 

0.94 0.74 0.92 rates - owned land, 3 t/ha; share-tenant land, 1 
R2 
F value 367.0 12.5 97.0 and could be the reason for the higher

60 tfha 158 39
n productivity of OPs. 
The mean reported yield of all parcels was 3.1 

t/ha. If all share-tenant parcels had the same yield 
mates are statistically satisfactory, with acceptable 

as OPs, the mean yield would have been 3.3 t/ ha; if 
R2 values and with most coefficients significantly 

all the land had been planted to MVs, the mean 
different from zero, judged by their t values, 

yield would have been 3.6 t/ ha. These differences 
The significant, negative value of the dummy 

variable for share tenancy suggests that resources suggest the magnitude of yield losses that may be 

associated with share-tenant land. While not 
lower over-all productivityused on SRPs had a 
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representative of the situation in Bangladesh as a 

whole, they indicate that share-tenant land was 
reduced yields. Thus,associated with slightly 

changing tenure arrangements would be expected, 

to have a relatively modest impact on productioa 
a major income-transferalthough it would have 

effect. 
Tenancy and land quality in Thailand. In 1981, a 

of 83 farmers was conducted in foursurvey 
irrigated rice-growing villages in Chainat province, 

Two districts with different levels of market access 

- Sanphaya, 13 km from Chainat town, and 
- wereSankhaburi, 99 km from Chainat town 

selected. Two villages in Sanphaya were classified 

as having good market access (GMA) and two in 

Sankhaburi as having poor market access (PM A). 
were classified asThe farmers in each village 

based on tenure status datatenants or owners 
obtained from the village headman. Eleven farmers 

in each group were randomly chosen and inter-

viewed. After incomplete questionnaires had been 

eliminated, the final sample size was 83. 

Farm size did not differ significantly across 

tenancy groups, but the average farm in PMA 

villages was 20% larger. On the average, more than 

Table 6. Farm incomes8 obtained by four farm groups, 

Chainat,Thailand, 1980-81. 

Group__Revenue_($/h_)_ Cash Net cashGroup Revenue 1$/ha) 

Total 00sts incomeMarket Tenure From 
access rice 1$/ha) ($/ha) 

Good Owner 592 ab 822 a 365 a 457 ab 
353 a 122

Good Tenant 470 b 475 c c 

655 a 678 ab 186 b 492 aPoor Owner 
Poor Tenant 460 b 504 bc 206 b 298 bc 

aUS$1 = B20. 

90% of all land was irrigated wetland rice. 

About 66% of the tenants paid a fixed amount of 

product (usually rice), 20% paid a fixed amount of 

cash, and a few paid with a combination of these 

(five tenants paid a share of the first .7op and a 

fixed amount from the second). 
average cropping intensity cfOwners had an 


1.97; tenants, 1.92. About 80% of the owners and
 
a rice - rice cropping92% of the tenants used 

pattern. Some owners in the GMA villages prac

ticed triple cropping, growing an additional crop of 

groundnut or soybean. 
86% of total familyFarm income provided 

income; nonfarm employment, 9%; and working 

for other farmers, the balance. Rice dominated 

farm revenues, except for GMA owners who had 

significantly higher total farm revenue, because of 

nonrice contributions (Table 6). In PMA villages, 

owners had significantly higher revenue from rice 

and farm costs were lower. 
The impact of differences in costs and revenues 

on net cash incomes was startling. GMA owners 

had incomes three times greater than GMA tenants; 

PMA owners, 65% higher than PMA tenants. 

There were no significant differences in use of 

farm inputs by owners and tenants in villages with 
the same market access. Owners did not mono

hss . heinomenit np e e 
polize technology in this study. The income dif

traceable to revenue dif
ferences were largely 
ferences in the GMA villages and to differences in 

both costs and revenue in the PMA villages. 
Table 7 compares the economic performance of 

the two most important cropping patterns. Owners' 

10% higher but cost differences wereyields were 
much less. Owners had higher yields and a higher 
rate of return on variable costs, even though their 

use of variable inputs was similar to that of tenants. 

Table 7. Profitabilityanalysis of crop production among tenant groups, Chainat, Thailand, 1980-81. 

Item 

Yield It/ha) 

Gross returns ($/ha) 

Total labor and power costs ($/ha) 


Total material cost 1$/ha) 

Total variable cost (TVC) ($/ha) 


Net return above TVC ($/ha) 

Rate of return to variable cost 


Rice-rKceRice-fallow 

TenantOwnerTenantOwner 

6.216.982.773.06 18071256486553 426451220226 1761648785 
614 602307311 485642173238 1.812.041.581.77 
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Owners had higher rice output even after cor-

recting for land, labor, and fertilizer differences. 

Production was significantly higher in the DS. This 

suggests a factor associated with tenure affccting 

output different from those usually considered. 

To explain the inferior productivity of tenants, it 

was hypothesized that land-quality differences may 

exist between tenants and owners. Because the 

farms were all irrigated, two factors iciated to 

irrigation - the distapcc tv the-irigation canal and 

the number of months fields were irrigated during 

the DS -- were likely to influence crop per-

formance. Owners tended to operate plots closer to 

canal that had irrigation waterthe irrigation 
longer, 

Because owners operated better irrigated plots, 

they had a distint productivity advantage. Par-

ticularly in GMA villages, they planted their rice 
crops 3-4 wk earlier than the tenants probably 

because irrigation was available earlier. Plots with 

three crops were significantly closer to irrigatiun 

and had water a significantly lorger time during 

the DS. They were all owner-operated and planted 

to soybean or groundnut after the two rice crops. 

It appears that land ownership gives advantages 

to the owner-operators, enabling them to mono-

polize better quality land. Where market access 

widened the economic opportunities, differences in 

control over good-quality land resources tended to 

increase income inequalities. 
Factors affecting adoption in Nepal. A random 

sample of 146 farmers was selected from lists of 

owners and tenants in 24 villages of II towns in 

Kapilvastu district. The nearness of some villages 

to the Indian border, had no effect on technology 

use. Only 17% of the sample used MVs and 

fertilizer. Because farmers had many parcels of rice 

land and grew many ,ierent varieties, the detailed 

data were collected from one parcel of each farmer. 

Parcels where MVs and fertilizer were used had 

.hehighest yields although all yields were quite low 

(Table 8). 
At the same technology level, tenants had 

substantially lower paid-out costs for inputs and 

labor. This isconsistent with some theories on the 

behavior of share-tenants, but is different from 

what was observed in Bangladesh. The higher paid

out costs of owners can be traced to their sub

stantially higher use of hired labor. Owners growing 

MVs with fertilizer applied substantially more 
their share-tenant counterparts.fertilizer than 

Owners growing LVs with fertilizer used substan

tially more purchased power and other inputs than 

their share-tenant counterparts. 
The combination of higher output value, lower 

paid-out costs, and no paid-out land rent made the 

returns above paid-out costs of owner with MVs 

nearly three times as great as that of their share

tenant counterparts. The return above paid-out 

costs offarmers growing MVs was higher than that 

of farmers growing LVs. 
There was a substantial difference in the use of 

owners and tenants.modern technology among 
The chi-square contingency test was used to test 

Tablh 8. Farm incomes compared for two tenure types and four technology levels, Kapilvastu district, Nepal, 1980. 

Costs and returns5 ($/ha) 

YieldFertilizer Parcels 
Return above Family supplied

Output Paid-out Land rent 
Tenure type categcry (no.) (t/ha) 

paid paid-out costs reourcesbvalue input costs 

MV 
132 24897 01.8 229Owned User 22 60 152884 1.6 196 48

Share-tenant User 190145 
Owned Non.,ser 20 1.5 197 52 0 

55 1316423 1.2 142 23
Share-tenant Nonuser 

LV 
-4 218012 1.2 127 131Owned User 149 

4 1.3 145 47 65 33 
Share-tenant User 15779120 41
Owned Nonuser 32 1.1 0 

15715 56 52
29 1.0 123Shat,-tenant Nonuser 

Rs12. blmputed value of family-supplied land, labor, and capital.
aUS$1 = 
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whether irr;gation and tenure were associated with 

the use of modern technology. The hypothesis of 

independence of irrigation and variety used could 

10% level of probability,not be rejected at the 

Likewise, the hypothesis of independence between 

tenurestatusanduseofMVscouldnotberejected: 
half of the owners grew MVs and half did not. 

nearlyArnong share-tenants, the proportion was 

the same; however while most were paying 50% of 

their output as rent, some were paying 40%. 

were more likely to beTenants paying 40% 

growing MVs. 
Among MV users, fertilizer use was not inde-

pendent of irrigation - a much higher proportion 

of farmers with irrigation used MVs. However, 

among LV growers, irrigation was independent of 

use fertilizer. Tenurefertilizer use; most did not 
use -- astatus was not independent of fertilizer 

much smaller proportion of tenants applied fer-

tilizer. 
In Nepal, where fertilizer use is a relatively new 

technology, farmers had different perceptions of its 

value. More farmers with experience in fertilizer 

use believed that the application of 40-8.8 kg 

(N,P)/ha would give a higher yield than farmers 

who had never used fertilizer (Table 9). 

LABORNEW RICE TECHNOLOGY AND 


ABSORPTION 


To assess the impact of new rice technology on the 

labor absorbing capacity of agriculture, economists 

studying the consequences of rice technology and 

rice-based cropping systems compared the histories 

of two different rice-growing villages in the Philip-

pines. 

Study sites and data collection. One village 

(called Laguna village in the study) is located in the 

wetland rice belt of Laguna Province, which is one 

of the most productive rice-growing areas in the 

Philippines. The other village (Iloilo village) is at 

edge of the rainfed-wetlandthe northwestern 

dominating rice plain in Iloilo Province.
 

The data used in this study were collected as a 

part of larger research projects involving field 

surveys in 1980-82 for Laguna Village and in 1979

82 for Iloilo village. Information for this study was 

obtained gradually during the course of the surveys 

through interviews with all existiag households 

and aged villagers. 
Historical changes in agriculture. Laguna village 

began in the 1880s and Iloilo village in the 1850s. 
higher populationAlthough Iloilo village had a 

than Laguna village in 1920 (Table 10), the land

man ratios of the two villages were comparable, 

suggesting their similar initial conditions as rainfed, 
rice villages. Major agriculturalwetland-based 

changes since settlement are in Table 11. Early 

settlement at both sites was unorganized as people 

from adjacent areas came in gradually when new 

rice fields were opened. In both villages, there was 

extensive rainfed rice farming based on the open

land frontier, which ended by the late 1940s. Since 

then, agriculture evolution in the two villages has 

diverged sharply. 
Laguna village. Extension of a national irriga

tion system to the village suddenly changed the 

rainfed rice farming. Irrigation made double crop

for all rice fields, establishing aping possible 
complete rice monoculture pattern. 

Another major technological change was intro

duction of MVs and associated technologies in the 

Table 9. Yields that farmers at different technology levels perceived they could obtain using two fertilizer rates, Kapil

vastu District, Nepal, 1980. 

Farmer's technology Perceived yield (t/ha) Calculated 
added net return 

Variety Fertilizer No fertilizer Fertilizers over zero fertilizer 
($/ha) 

MV 
MV 
LV 
LV 

User 
Nonuser 
User 
Nonuser 

0.9 a 
1.0 a 
1.0 a 
0.8 a 

2.3 a 
1.8 ab 
2.3 a 
1.7 b 

165 
100 
161 
105 

aFertilizer rate = 40-8.8-0 kg (N, P, K)/ha. 
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Table 10. Selected statisticsof the two study villages, Laguna, and Iloilo provinces, Philippines, 1920, 1950, and 1980. 

Iloilo villageLaguna village 

1950 	 1980
1980 	 1920
1920 	 1950 


706 	 125' 337 61651 204Population 	 9625 589 37 46
Household: 	 Farmer - n.a. 117 71-Landless farm worker 

- 9 - n.a. 12 
-Othersb 
9 44 126 25 58 119 

Total 	 - 
-	 85 

-Farm land (ha):c Wetland;irrigated 	 130888 1309
36 89' rainfed 16
-	 n.p. n.a.--Dryland 88 130 146
85
36 89
Total 1.51.8 	 3.5 2.2 
(per farm) 	 4.0 2.4 

0.4 	 0.20.1 	 0.7
(per cepita) 0.7 0.4 

90
98 	 n.a. n.a. na. 98
Farm land tenanted (%) 1.0' 	 1.91.0 1.0' 2.0 1.0 
Multiple cropping ratio 

4.0 n.a. n.a. 2.9 
n.a. 2.2

Rice yield It/ha per crop) 
8.0 n.a. n.a. 3.2 n.a. 2.2Land productivity It/ha per year)d n.a. 5.3n.a. 11.9 n.a. 


Household income (t/year): 
n.a. 5.0 n.a. n.a. 1.6
Farmer na. 

Landless n.a. 
n.a. n.a. 5.1 

Av n.a. n.a. 7.6 
n.e. n.e. 0.31 

Gini-ratio: 	 Size distribution of farm land6 n~e. 0.46 f 0.77 
0.31 

Size distribution of n.a. n.a. 0.42 


household income
 

none. bRetired and nonfarm households. CThe area cultivated by vil
= ORough estimates. n.a. = data not available, (-) 

lage farmers. 	dValue terms converted into rice equivalent using farm-gate rice price. eSize distribution of operational 

holdings. fAs of 1960. 

Major technological and institution&$changes in agriculture in the two Philippine villages since their settle-
Table 11. 

ment.
 
lloi!o village
Laguna villageTime period 

Settlement began (1850s) with 
Settlement began (1880s) with

19th century extensive rainfed rice farming
extensive rainfed rice farming 

Lowland land frontier closed 
Land frontier closed 	 Upland cultivation beganLate 1940s 

Mindanao resettlement project 
1950s 

Irrigation system constructed1958 
(complete rice double cropping) 

Improved local rice varieties
Hand tractorEarly 1960s 	 Land-use intensification
Improved cultural practices (fertilizer, 

(multiple cropping of dryland
chemical, rotary weeder, dry seedbed) 

crops on wetland) 

Game system Improved cultural practices 
(fertilizer, chemical, hand 
weeding) 

MV, with further improvements in
Late 1960s 

cultural practices 
Land reform (Operation leasehold) 

Land reform (OperationCredit program (M-99)1973 
leasehold) 

M-99 

MV, direct seeding, partial
Herbicide 	 double cropping of riceLate 1970s 


Mechanical thresher

Mechanical thresher 
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late 1960s. By the early 1970s, the MV diffusion 

virtually reached 100%. As a result of the changes, 

the average annual rice yield increased from 2.2 

t/ha in 1950 to 8.0 t/ha in 1980 (Table 10). 

During the period of MV introduction, a land 

reform program was implemented and share-

tenants became leaseholders. With a fixed rent, a 

significant portion of the increasing income result-

ing from MV technology stayed with the lease-

holders. 
A labor-hiring arrangement for harvesting was 

another important institutional change. The tradi-

tional open harvesting system in which everyone 

helped with the harvest for a certain share of the 

output was replaced by a system called gainawhich 
did weeding withoutallowed only those who 

receiving wages to join the harvest. 
Iloilo village. After the land frontier closed in the 

late 1940s, 	 rice farming remained rainfed. There 

were only small improvements such as a gradual 

of wooden plows with steel plows,replacement 
Farmers gradually started to cultivate hilly upland 

areas that had been left to grazing water buffaloes, 

As farm size rapidly decreased because of pop-

ulation pressure, land-use intensification through 

multiple cropping became necess:-ry. With the 
1960,introduction of improved LVs around 

fa-mers started to grow dryland crops, particularly 
mungbean pattera. Fertilizers andthe maize - ric: 

chemicals were introduced. Taro and squash were 

added to the list of ciops planted in the dryland 

areas, exhausting the limited dryland available by 

the end of the 1960s. 
In 1973, land reform was implemented through 

a government rice production-credit program (M

99). Land reform effectively restored the share

rent to the old one-third level or established 

leaseholders with lower !evels of fixed rent. For 

most participating farmers, ,he M-99 credit resulted 

in a one-time injection of cash that was mainly used 

for converting existing local debts into bank debts. 

As a component of the M-99 program, MVs 
performed underwere introduced. However, MV 

the existingrainfed conditions no better than 
to -adopt MVsimproved LVs. Farmers started 


partially in well watered wetland areas after 1975,
 

when very early-maturing MVs were introduced.
 

By the late 1970s, rice double cropping was 

practiced in about one-third of the wetland areas. 

The adoption of direct-seeding and the mechanical 
cropping adoption bythresher helped double 

reducing timing conflicts that arose from the 
to the existingaddition of a second rice crop 


multiple cropping system.
 
Changes in labor use in agriculture. Reflections 

of changes in agriculture, just described, are found 

in the changes in labor requirements (Table 12). 

In Laguna village, the irrigation improvement 

and the adoption of MV technology resulted in a 

tremendous increase in labor employment capa

city. Labor reduction attributed to labor-saving 

technology, such as the hand tractor and the dry 

in labor use for crop production in two study villages, Philippines, 1953-1980. 
Table 12. Changes 

Labor function 


Land preparation 

Crop establishmentd 

WeedingO 

Harvesting and threshing 

Others 

Total 

(%hired) 

Total village labor use for 

crop production
 
(1,000 man-days/yr)
 

Labor use for rice production (man-days/ha per crop) 

Iloilo villageLaguna village 

19568 19 66 b 

20 19 
17 12 

5 14 
25 32 

4 12 
71 88 
(58) (58) 

9 21 

19 53c 	 1970 1978 1980
1976 1980 

24 2515 	 25 
24 14

11 11 
7

12 12 28 
8 8 9

32 18 9 
2 2131 37 

2 238 21 2
12 12 

82 8483 96105 74 
(71) (81) (65) (56) (45) (38) 

9 15 16 15
25 18 

in Laguna. CBased on a survey in a village 20 
inLaguna. bBased on 62 irrigated farmersaBased on 20 rainfed farmer' 


km from the study village. dSeidbed preparation/seeding, pulling seedlings, and transplanting. eWeeding and replanting.
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seedbed method, was more than compensated for 

by the increased labor needs for intensive crop care, 

especially weeding. The total labor requirement per 

than doubled between 1950 and year was more 
1960; it increased ai-ther 20% by the mid-1970s. 

However, labor demand started to decline in the 

1970s because of herbicide and mechanicallate 
thresher adoption. 

In Iloilo village, the total labor requirement also 
1950 and 1970.increased significantly between 


P'wever, because labor demand increased mainly 


through gradual increases in multiple cropping, the 


rate of increase was much lower than that in 


Laguna village. In the late 1970s, the labor re-


quirement in Iloilo village was reduced by direct 


seeding and mechanical thresher adoption, but 


labor demand was maintained, as in 1970, by a 


further increase in multiple cropping with a second 

rice crop. 
Another sharp contrast between the two villages 

was in the changes in the amount of hired labor 

used. In both villages, hired labor has traditionally 

done the transplanting and harvesting. Therefore, 
high in thethe amount of hired labor used was 


1950s. 

In Laguna village, hired labor increased to more 

than 80% of the total labor toward the late 1970s. 

Between 1966 and 1976, the increase in man-days 

of hired labor was higher than the increase in the 

total labor requirement, indicating a substitution 

of hired labor for family labor. This substitution 
incomesoccurred because of improved farmer 

attributed to land reform and MV technology. A 

bulk of the hired labor went into weeding as part of 

the new labor-hiring arrangement for weeding and 

harvesting, 
con-In Iloilo village, the hired labor declined 

1950s to 1980 as family labortinuously from the 

was substituted for it. The nature of labor opera-

tions in the complex multiple cropping s tems 

made it difficult for hired laborers to do them. 

the income effect, which worked inMoreover, 
Laguna village, was hardly in existence. 

Changes in village population. The average 

population growth rate per annum from 1920 to 

1980 was 4.5% in Laguna village and 2.7% in Iloilo 
periodvillage; the national average for the same 

was 2.6%. However, the rates went through large 

cyclical fluctuations over time, depending on rate 
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increase of natural and social population (Fig. 1). 

Although natural population increases affect the 

total population growth, migration largely deter

mines the patterns of cyclical movements. 

Although absolute levels of in-, out-, and net
six phases ofmigration rates differ very much, 

migration chronologies were identified by cyclical 

movements of the net-migration rate in the two 

1950; phase 2, 1950-59;villages: phase 1, before 


phase 3, 1960-64; phase 4, 1965-69; phase 5, 1970

74; and phase 6, 1975-79. There was an abnormal
 

period during the mid-1940s when the in- and out

migration rates jumped because of a huge inflow of 

during World War 11 and their outflowevacuees 
after the war. 

In Laguna village, phases I and 2 were charac
large netterized by rural-rural migration with a 

inflow. The majority of in-migrantspopulation 
came from surrounding upland areas to the village 

as members of farmer households. This rural-rural 

migration pattern still prevailed throughout phases 

3 and 4. A few migration flows were distinguished 

in phase 5. First, the rural-rural migration flow was 

an outflow from the villagedichotomized into 

farmer class to the outside and a large inflow from 

the outside rural areas, especially from the upland 

area, to the village landless worker class. Second, 

the urban-rural migration flow became substantial 

net inflow to the villagewith a considerable 
landless class. Phase 6 was characterized by a dual 

one hand, the rural-ruralmigration pattern. On 

migration continued with a large net inflow from 

the upland area to the bottom of the village strata. 

This large inflow in the 1970s resulted in landless 
villageworkers making up a majk. ty of the 

households in 1980 (Table 10). On the other hand, 

the rural-urban migration flow increased sharply, 

with a majority of the out-migrants from the upper 

farmer class in the village. Many out-migrants were 

wealthy farmers' children who had higher educa

tional levels and found jobs in factories and offices 

in urban centers. However, the number of circular 

migrants, who found temporary jobs in the cities 

typically as construction workers, also increased 

significantly. 
In Iloilo village, the migration pattern was the 

same as that in Laguna village until 1950. In phase 

2, a large outflow of population was recorded. 

Most of the out-migrants went to Mindanao, 
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i. Changes in population growth rates and total population in the study villages, Laguna and Iloilo provinces, Philippines, 

1920-80. 
located some 500 km south, as part of a govern-

menit resettlement project. However, many out-

migrants were not satisfied in Mindanao and 

returned to the village in the early 1960s. lhese 

returning migrants characterized phase 3. The 

migration pattern from phases 4 through 6 was 

characterized by one-sided rural-to-urban migra-
tion of village youths who sought employment in 

the city. 
Inducements to population adjustment. Two 

contrasting processes of population adjustment 
were discerned by combining the historical reviews 

on agriculture and population in the two villages, 

Technology-induced population change in 
Laguna village. In Laguna village, the marginal 

changes in population corresponded to the major 

events in the local agriculture. The large influx of 

in-migrants in phase ! was induced by the avail-
As the land frontier wasland. and 

finally became negative in phase 2. Extensive 
abilityexhausted,of ricethe rate of in-migration declined 

rainfed rice farming with a stagnant technology 

failed to absorb the rapidly increasing population 
because of the high number of births after the war. 

After completion of the irrigation system in 

1958, a new wave of in-migrants arrived during 

phase 3. The labor-absorption potential created by 

irrigation improvement was the major inducement. 
In phase 4, the net-migration rate became negative 

again, coinciding with no dynamic change in rice 

farming. 
The drastic demographic changes in phase 5 

coincided with the dynamic changes in rice farming 

after MV introduction. Most of the huge wave of 

in-migrants came from the dryland areas where 

there had been no significant technology changes. 
They joined the village landless worker class. 

Along with the introduction of the MV technology 
came an increase in labor demand, especially for 

weeding. At the same time, land reform wasimplemented. It improved the economic and social 
positions of the farmers, inducing them to sub-
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stitute family labor with hired labor. The closed 

harvesting system replaced open harvesting. These 

to absorb the landless worker
changes appeared 
migrants. The urban sector showed a rapid growth 

from the early 1970s onward and the increasing 

employment opportufities in this sector facilitated 

the out-migration of farmer-class family members, 

a two-way migration
consequently establishing 

pattern. strength-The two-way migration pattern was 


ened in phase 6. Although the flow of in-migrants 


to the village landless

from the dryland areas 


more people, not only

worker class continued, 


from the farmer class but also from the landless 


worker class, moved to the cities. 


All this shows a unique process of technology-


induced population adjustments. Most likely, the 


marginal changes in population were induced by 


changes in employment opportunities, which were 


in turn determined by the technological changes in 


agriculture and the growth of the nonfarm sector. 

Population-inducedtechnologicalchangein lo-

ilo village. Population adjustments in phase I were 

essentially the same as those in Laguna village. The 

extensive rainfed rice farming with an open land 

from the surroundingfrontier attracted people 

dryland areas up to 1950. The population inflow 

as the land frontier was used up; many
declined 
villagers left as participants in government resettle-

ment programs during phase 2. 
phase 3, the process divergedStarting with 

that of Laguna village. Iloilo village
sharply from 

rice area. Nevertheless, the
remained a rainfed 
possibility of increasing labor absorption did exist. 

During phase 3, rice farming intensification with 

the improved LVs and crop diversification on the 
to the rapid

limited land resources corresponded 

population growth attributed to a high birth rate 

and the net population inflow. The net population 

inflow resulted from two waves of migrants return 
in

ing from the unsuccessful resettlement site 

Mindanao. Agricultural intensification was the 

result, not the cause, of the population inflow. In 

phase 4, the exodus of village youths seeking jobs 

in th6 city began. 
part of phase 5 the halt to

During the early 
re-

increasing out-migration coincided with land 

form and the government credit program. How-

ever, the out-migration remained high and began 
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to increase again rapidly despite the further increase 

in multiple cropping. MVs did not perform well 

under rainfed conditions and it was only after the 

mid-1970s that the farmers started to realize an 

increasing multiple cropping ratio with MVs. The 

introduction of a second rice crop into the multiple 

cropping system was made possible by the adoption 

of labor-saving techniques and the substitution of 

labor. As a result, the 
family labor with hired 

showed little increase in
overall labor demand 


phase 6 when the out-migration flow was substan

tially larger than in the previous phase.
 

The six migration phases in Iloilo village revealed
 

that the changes in village agriculture were induced
 

by population increase. 
Migrationfunctions. An estimation of migration 

functions relating the migration rates to explana

a partial support to the 
tory variables p;ovided 

above hypotheses (Table 13). The estimated regres

sion equations explain well the large migration rate 

fluctuations. 
For Laguna village, three equations were esti

mated separately for in-, out-, and net (in minus 

out)-migration rates. The regression coefficients of 

that an increase inratio indicated 
resource 

the man-land 
population pressure on the limited land 

and accelerated out
decelerated in-migration 

migration. Irrigation development had a highly 

significant impact on the migration rates opposite 
variableto those of the man-land ratio. The 

constructed by multiplying the ratio of land area 

planted with MVs and the ratio of land area under 

leasehold tenancy had significant coefficients in the 

in- and net-migration equations. This suggested 

that large in-migration flow was induced by land 

reform implementation and MV introduction. The 

coefficient of gama (Table 13) in the in-migration 

was not significant at conventional sig
equation 

at least larger than its
nificance levels, but it was 

new laborstandard error, suggesting that the 
as an inducement to the

hiring practice worked 

population inflow. The development in the non

farm sectors showed a two-way impact on migra

tion flow; on one hand, it reduced the population 

inflow, on the other hand, it facilitated the popula

tion outflow. 
For Iloilo village, only the net migration equa

tion with a limited number of explanatory variables 

The result, however, seemed to 
was estimated. 



as 

dependent variables, Laguna and Iloilo provinces, Philip-
Table 13. Migration regressions wit11 migration rates 

PineL 


Regression coefficientb (%) 

Laguna village Iloilo village
Variablea 

In Out Net Net 

1A1 0.25 -1.62 -1.96MANLAND 
(0.20) (0.17) (0.29) (0.66) 

IRRIGATION 2.11 -1.38 3.45 
(0.48) (0.40) (0.62) 

MV'LANDREF 7.84 -1.51 10.38 
(1.84) (1.06) (2.32) 


GAMA 2.47 0.04 

(1.68) (2.20) 


NONFARM -2.90 3.26 -3.92 -082t
 

(1.31) (1.05) (2.01) (0.95) 
2.74DWAR 1 2.14 

1.96 -15DWAR 2 (0.39) (0.50) 

(0.41) (0.60) 
-2.64DGOVSETP 

1.61DLV (0.40) 

(0.46) 

intercept 5.39 -0.82 5.88 5.96 


R2 0.80 0.73 0.810.81 1.611.68020
2.17D-Wd stat. 
32.6F stat. 31.3 25.9 28.2 

47 31D.F. 48 49 

a 
ratio (persons per hectare);aMANLAND = man-land 

ratio of irrigated land area to theIRRIGATION = the 
total planted area) and LANDREF (ratio of farm land 

under leasehold tenancy to the total farm land); GAMA = 
to all farmers;ratio of farmers adopting the gama system 

NNP at the 1972 prices, sum of the indus-
NONFARM = 
try and service sectors (index, 1972 = 1.0!; DWAR 1 = 1 
for 1941-44; DWAR 2 = 1 for 194547; DGOVSETP 1 
for 1951-56 during which the government recruited appli

= 


cants for the resettlement programs in Mindanao; DLV 

1 for the years after 1960 when improved LVs were intro-

duced. bFigures in parentheses are standard errors. 

support the hypothesis. In addition to the simple 

dummy variables for the government resettlement 

program and the improved LVs, two independent 

variables were included, of which only one, the 

man-land ratio, was significant. This suggested 

that the increasing population pressure against the 

land was the major factor underlying the popula-

tion adjustments. As the population increased, the 

marginal part of the popi.dation was pushed out 

regardless of outside employment situations. 
The comparative study of the two villages clearly 

indicated that technological advances in agriculture 
could successfully increase rural employment. In 

Laguna village, the intrarural migration generated 
by changes in the rice farming area contributed not 
only to reducing the interregional income disparity 

created by the technological developments in the 

rice production, but also to mitigating the urban 

poverty problem. Had there been no technolegi;al 

development in the rice farming areas, large inigra

tion flows from both the dryland areas and the rice 

farming areas would have rushed into the urban 

centers. 
However, with the extremely high birth rate, the 

technology-induced population adjustment of 

Laguna village may easily have been switched to 
the population-driven model of rural adjustment,if
 

the nonfarm sector had failed to provide increasing
 

employment and if a new technological change in
 

agriculture had failed to come about after ex

hausting the potential of existing MV technology. 

Further technology development in agriculture 
and employment development in nonfarm sectors 

are both necessary to avoid rural impoverishment 
when population is the major force inducing 
change in the raral sector. 

MIGRATION, WAGE DIFFERENTIALS, AND
 

SEGMENTED LABOR MARKETS
 

During 1980-82, migration and wage surveys were 

conducted in rural villages and urban centers of 

Laguna Province, Philippines. The purpose was to 

identify the extent and directions of drastic migra
tion movements around a rice-growing area that 

were triggered partly by introduction of new rice 

technology. 
Migration structure illa wetland rice village in 

Laguna. Table 14 summarizes the migration flow 

in and out o" a small rice village in Laguna 

to 1980. The village had aProvince from 1966 

population of 385 at the end of 1965. Hence, nearly
 

65% of the 1965 population migrated into and 55%
 

migrated out of the village during the 15-yr period.
 

The village islocated in the Laguna wetland rice 

beit along the southeastern coast of Laguna de 

Bay. A strip of well-irrigated wetland along Laguna 

de Bay runs into dryland areas in Laguna and 

surrounding mountainous provinces of Rizal, 

Quezon, and Batangas. Road and highway net

works provide relatively easy access to urban 

centers from most of the Laguna villages. The 
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urban influence was less on the southeastern coast 

than on the southwestern coast of the lake where a 

large number of factories have been built recently. 

However, the travel time from the village to Manila 

was reduced from more than 3 h to less than 2 h by 

highway improvements during the late 1970s and 

increased the village's exposure to urban influences. 

The village, however, continued to have pure rural 

rice monoculture. 
There were several migration flows to and from 

except one, having a considerablethe village, ,111, 

number of migrants (Table 14). Migration inci-


dences around the village were not one-sided rural-


to-urban movements. In fact, the largest migration 


flow ran from the dryland areas, where there were 


no significant technology changes, to the village, 


where the demand for agricultural labor had been 


significantly increased by MV introduction since 


the late 1960s. These rural-to-rural migration flows 


resulted in a large net migrant inflow for the 15-yr 


period. Rural-to-urban and urban-to-rural migra-


tion flows also existed. The rural-to-urban migra-


tion flows between the village and the modern 

larger than the flows betweenurban sectors were 
the village and the informal urban sector. Although 

in the former, the rural-to-urban migrations out-

numbered the urban-to-rural migrations, resulting 

in net outflows from the village during the period, 

a net inflow from thein the latter, there was 

informal urban sector to the village. The migration 

flow from the village to the informal urban sector 

in that there were only a few was exceptional 
migrants for the 15-yr period. 

in Table 14 is a classAnother point noted 

differential structure of migration flows. Incidences 
were notof migration around the village again 

simple, as envisioned in naive migration models 

where rural poor are pushed out to or pulled out by 

the migration flowsthe urban sectors. Instead, 

distinct dualistic class
 were characterized by a 

structure. Although the overwhelming majority of 

from the outside dryland areasthe in-migrants 
joined the village landless worker class, the majority 

of the out-migrants to the modern urban sectors 

was from the village farmer class. The out-migrants 

to the high-modern sector were almost exclusively 

from the farmer class. By contrast, in addition to 

those coming from the dryland areas, the landless 

workers received a considerable number of in

migrants from the low-modern and the informal 

urban sectors. 
Although many family migrations were found in 

the in-migration flows, regardless of origin, most 

out-migrants to the urban sectors were single. The 

Table 14. Migration flow around a wetland rce village in Laguna Province, Philippines, 1966-80. 

Status in village 

Farmersg 
In-migration 
Out-migration 
Net in-flow / 

Landless workers
In-migration 
Out-migration 
Net in-flow 

Total: 
In-migration 
Out-migration 
Net in-flow 

Migrants
9 (no.) 

Rural Urban 
Total 

Wetland rice Dryland 

____________________________ 

Modern Informal 
f 

areab areac High d Low6 

26 (11) 
54 (25) 

-28 (-14) 

21 (10) 
27 (13) 
-6 (-3) 

24 (5 )h 
38 (28) 

-14 (-23) 

5 (3) 
24 (20) 

-19 (-17) 

6 (0) 

6 (0) 

82(29) 
143 (86) 
-61 (-57) 

29 (13) 
13 (10) 
16 (3) 

97 (17) 
22 (5) 
75 (12) 

1 (1) 
-1 (-1) 

32 (10) 
27 (10) 

5 (-12) 

10 (2) 
3 (3) 
7 (-1) 

168 (42) 
66 (41) 

102 (1) 

55(24) 
67 (35) 

-12 (-11) 

118 (27) 
49 (18) 
69(9) 

24 (5) 
39 (29) 

-15 (-24) 

37 (13) 
51 (42) 

-14 (-29) 

16(2) 
3 (3) 

13 (-1) 

250(71) 
209 (127) 

41 (-56) 

aFigures within parentheses refer to the number of single-person migrants. bRural occupations in the wetland rice belt 

in Laguna. cRural occupations outside the wetland rice belt in Laguna. doffice workers, permanent factory workers, 

and big self-employed businesses. ecasual workers in construction, service, and manufacturing sectors. fStreet vendors 

10 persons who migrated into the village to live in 
and house helpers. gThose with paddy fields to cultivate. hlncludes 

while having urban jobs. 'Farm landless workers. 
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migrants' age structure reflected this trend (Table 

15). 
The majority of the migrants to and from the 

village moved around within the southern Tagalog 

region. However, there were some in-migrants 

from such remote regions as Bicol and Visayas. 

Some arrived from the low-modern or informal 

urban sectors. Metro Manila emerged as a major 

destination of the out-migrants. Many recent out-

migrants whose onginal destinations were the 

southern Tagalog region ended up migrating to the 

outskirts of Metro Manila and finding jobs in the 

urban sectors. 

Table 15. Number of migrants, by sex and age class, in the 

rice village, Laguna Province, Philippines, 1960-80. 

Migrants (no.) 
-_-- Total 

30 and 
Below 15 15.29 above 

In-migrant 42 50 28 120 
24 102Out-migrant 31 47 

Net inflow 11 3 4 18 
Female 

56 21 130In-migrant 53 
11 107Out-migrant 16 80 

Net inflow 37 -24 10 23 
Total 

95 106 49 250In-migrant 
35 209Out-migrant 47 127 

Net inflow 48 -21 14 41 

More than 90% of the out-migrants found their 

jobs in the modern urban sector. Nearly 70% of the 

out-migrants from the village farmer class got jobs 

in factories or offices. Salaried jobs almost ex

clusively went to farmer-class migrants. In con

trast,jobs found by out-migrants from the landless
limited mostly to constructionworker class were 

work. The village's class structure reflected the 

ultimate urban jobs of the out-migrants. 
The educational level was consistently higher for 

to and from the farmer class than formigrants 
those to and from the landless worker class, except 

for the in-migrants from the informal urban sector 

to the village farmer class (Table 16). On the 
average, migrants found in rural-to-urban and 
urban-to-rural migration flows had a higher educa

tion than those in rural-rural migration flows. 
Wage differentials and affinity of labor markets. 

in differentWage rates and earnings per day 
sectors and regions were compared. 

The average agricultural wage rate in the dryland 

lower than that in the wetland ricebelt was 15% 

belt. Because the cost of living was almost the same
 
for the two belts and because their relative closeness
 
made migrating between the two very inexpensive,
 

a small wage differential was enough to induce
 
large intra-rural migration.
 

The regional differentials in agricultural wage 

rates were large. In Bicol and Visayas, they were 
35-50% lower than in the Laguna wetland rice belt. 

Table 16. Average years of schooling of migrants inand out of the village, Laguna Province, Philippines, 1966-80. 

Status inside 
and outside the 

village 

Farmers 
In-migration 
Out-migration 

Landless workers 
In-migration 
Out-migration 

Total 
In-migration 
Out-migration 

Years of schoolingg (no.) 

Rural Urban 
TOW 

Wetland rice Dryland Modern Informal 

area area 
High Low 

5.3 (12) 
5.6 (25) 

7.0 (13) 
6.6 (10) 

12.8 (9) 
12.4 (26) 

8.2 (5) 
6.8 (14) 

3.0 (2) 7.7(1) 
8.3 (75) 

5.1 (16) 
4.9 (7) 

4.9 (29) 
5.3 (7) 8.0 (1) 

6.8 (14) 
6.5 (18) 

4.0 (3) 
4.0 (3) 

5.3 (62) 
5.8 (36) 

5.2 (28) 
5.4 (32) 

5.6 (42) 
6.1 (17) 

122 (9) 
12.3 (27) 

7.2 (19) 
6.6 (32) 

3.6 (5) 
4.0 (3) 

6.3 (103) 
7.5(111) 

In the case of famly migration, only the family head is considered. Single
aFigures in parentheses are numbers of cases. 

migrants below age 15 and above 64 are excluded. For the migration flow from village to urban sectors, only job-related 

out-migrants are considered. 
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It was not surprising to find landless farm workers 

who migrated from the rural areas in these regions 

to the wetland rice belt. They were not barred from 

migrating to the belt; but it was wise for a migrant 

to have labor market information, contacts, and 

enough money to pay for the move. Typically, the 
first migrated tomigrants from remote regions 
to the belt afterurban centers and then moved 

making contacts with migrants already there. 

However, once they were established as farm 

landless workers, their relatives and friends migra-

ted directly to the rice belt from the remote regions. 

The majority of the intra-rural migrants were 

landless farm workers with little education. The 
the differentagricultural labor markets among 

areas and regions were continuously linked by the 

intra-rural migration flows in which the labor force 

moved freely from low-wage to high-wage markets. 

the urban labor markets were ap-In contrast, 

parently more stratified where migrants had to 


have specific skills and education before they could 

enter the labor force. Migrants could not move to 

the high-wage market unless they were qualified. 

Wage earnings in the urban sectors ranged from 

S1.33 to $41.66/ d (Table 17) and it was clear that 

higher qualifications meant higher wages. 

At the bottom of the strata was the two

segmented informal urban sector. In one segment, 

there were self-employed workers such as street 

hawkers with free territory, and employed workers, 

such as helpers in the city markets. Workers in this 

lowest strata earned no more than $2.22/ d. In the 
as much or moreother segment, workers earned 

than nermanent unskilled laborers in the modern 

sector. 
Even though very low, the wage rates in the first 

segment of the informal sector were often higher 

than the agricultural wage rates in Bicol and 

so many in this segment were migrantsVisayas, 

from these regions. Because the agricultural wage
 

of wage rate,, wage earnings per 8-h day, and qualifications in different labor markets, Laguna 
Table 17. Comparison 
Province, Philippines, 1982. 

Rural sector 
Laguna wetland rice belt c 


Laguna dryland beltd 


Central Luzone 

Bicole 

Visayase 


Urban sector (Metro Manila) 
f 

Informal 
Street hawker: Free territory 

With territory 
Casual laborerg 

Modern 
Low: Construction laborer (unskilled) 

Casual laborerh 

Permanent laborer (unskilled)High: 

Permanent laborer (sk;lled) 
Construction laborer (skilled) 

Office worker (new recruit) 

Factory supervisor 
Factory department head 
Factory manager 

Qualificatioflb
$/days 

None2.22 
None
 
None
 

1.88 
1.88 

None
 
None
 

1.44 
1.11 

None1.33 
3.66 Territory entry right 

None2.22 

None2.55 
High school education or3.55 

higher 

High school education or4.11 
higher 

Skill or college (or vocational)5.66 
Skill5.55 
College education or higher5.55 
College and/or experience14.44 
College aid experience21.66 
College and experience41.66 

on the farm wage survey in the Laguna wetland 
to enter the labor market. CBaseda$1 = i9. bQualification necessary 

rice belt. Weighted average of daily wage rates for land preparation ($3.33), transplanting ($2), and weeding ($2) using 
= Pg. dBased on the farm wage survey in the Laguna coconut belt. Weighted 

hired labor days per hectare as weights. $1 ($1.88/1,000 
per day for harvesting ($2.22/1,000 nuts), piling ($1.22/1,000 nuts), husking 

average of wage multiplying the rate of wage 
per hectare as weights. eEstimated by

nuts) of coconuts using hired labor days 
to the average wage rateworkers in 1981and southern Tagalog of rice farm 

differential between the region 
gFor nonfarm firms with less than 

belt in 1982. fBased on the nonfarm wage survey,
of Laguna wetlanrl rice 

20 employees. hA% : 3ge for nonfarm firris ,-jith 20 employees or more.
 

358 IRRI ANNIAI. RIEPOR I FOR 1982 



rate in the Laguna wetland rice belt was not less 

than the wage rate in the informal sector, there was 

a negligible migration flow from the rice belt to the 

informal sector and a larger flow in the opposite 

direction. 
The wage rate of unskilled construction laborers 

in the modern sector was often as low as that of 

casual laborers in the informal sector because skills 

usually not required for either. or education are 
migrants acquire constructionHowever, once 

worker skills, they may be paid as much as college 

graduates hired as office workers. The wage rate of 

this construction sector might be high enough to 

attract permanent migants from regions with low 

agricultural wage rates, but probably not enough 

to attract migrants from the Laguna rice belt, 

especially if there is a large difference in living costs. 

Because no qualifications were required for entering 

farmers ard landless farmthis labor market, 
workers were found in this large circular migration 

flow. In all of the free-entry labor markets in the 

urban sectors, migrants from remote regions made 

contacts with those in the rice belt and often moved 

to the rice belt. 
Other labor markets in the modern sector mostly 

required more than an elementary school education 

The wage differentials betweenfor newcomers. 
these modern sectors and the Laguna rice belt 

appeared large enough to induce permanent migra
was

tion. A large rural-to-urban migration flow 
of the

found, but the overwhelming majority 

migrants was from the village farm class who could 

to pay for their children's education. The
afford 


labor markets 
 in the modern sector
segmented 
acted as a screening mechanism of migrants from 

rural areas. 
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RICE LAuID CLASSIFICATION IN THE CENTRAL 

CAGAYAN VALLEY 

Cropping systems research should be conducted at 

of the areas where the tech-
sites representative 
nology is to be implemented. However, because 

anheterogenous withinland qualities are often 

area that is climatologically homogenous, one site 

can not be representative, so technology should be 

tested over a range of land types at different sites. 

In the Philippines, cropping systems research is 

conducted at Solana in the Cagayan River Basin 


(CRB) to identify alternative rainfed rice-based 

community


cropping patterns that fit farm and 


resources and are more productive than the tradi-

on old alluvial


tional patterns commonly grown 


terraces of the central part of the river basin. To test 


and component technology
cropping patterns 

sites with similar field
beyond the original site, 

conditions must be identified. 

The alluvial and the plain land systems of the 

CRB cover about 300,000 ha of level land where 

field crops are grown. A rapid and efficient land 

mapping system has been used to identify land with 

To represent the alluvial
similar characteristics. 

on which rice is 
land system, landform units (LU) 

on alluvial terraces, third 
grown were identified 

recent river terraces, and alluv; A fans. To represent 

on lower interfluves
the plainland system, LUs 

are at the third level of a 
were selected. LUs 

hierarchal land classification of the CRB landform. 

Thirty sites were selected in seven Cagayan muni-

Faire, Piat, Tuao, Solana, Tugue-
cipalities 
garao, Iguig, and Amulung. The soil profiles on the 

LUs where rice oroduction dominated
selected 

sampied for chemical and 
were described and 

physical properties. 
Principal component analysis was applied to the 

following soil surface and subsurface attributes: 

bulk density, color value, color chroma, sand, clay, 

silt, moisture content (5 bar), moisture content (10 

bar), organic C, total N, free Fe, pH (water), pH. 

(KCI), Na, K, Mg, Ca, total exchangeable bases, 

cation exchange capacity, total P, and total K. 
number of

Determinations were also made for th, 


horizons, thickness of the plow layer, surface Olsen 


principal componentsP, and Olsen Mn. Nine 

extracted from the data were interpreted as specific 

surface, organic matter and P, water retention, soil 

reaction, alkalinity, soil genesis, redox state of the 
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surface, redox state of the subsurface, and tilth. 

These components explained 86% of the total 

variance. Specific surface alone explained 45% and 

P, 12%. Specific surface is 
organic matter and 

strongly associated with many soil attributes im

portant to soil productivity such as the base status

related attributes of both surface and subsurface 
attributcs of the

horizons, the moisture-related 
N, and total K of the

surface and total sand, 


surface.
 
Separate analyses of principal components were 

made on the 28 soil chemical attribtes and the 18 

soil physical attvtbutes. Six components of the 

chemical attributes corresponding to eigenvalues 
total 

greater than 1 accouited for 85% of the 


variance. Soil fertility alone accounted for 55%.
 

The other five components were subsurface organic
 

surface alkalinity, subsoil reaction,matter-P, 
surface alkalinity, and Mn availability. As was the 

case when all 46 attributes were analyzed, the first 

component of the chemical subset was orthogonal 

to the organic matter-P component. Six compo

nents of the physical properties corresponding to 

eigenvalues greater than I accounted for 77% ofthe 
surfaceThese components weretotal variation. 

horizon water retention, redox regimes, soil color 

value, subsurface water retention, soil genesis, and 

soil tilth. 
To classify the sites according to their attributes, 

scores were computed for
principal component 
each site. These scores, computed to obtain data 

compression, were used in a cluster analysis of the 

sites. The clustering statistics indicated that five 

groups could be separated from 29 sites. One site 

did not conform to any group. The dendogram 

from the cluster analysis is in Figure 1. 

The salient features of each group were: 

inherent production potential,Group 1. High 
slightly acid, marginal P status. 

inherent production potential,Group 2. High 
tatus.moderately acid, marginal P 

Group 3. Intermediate inherent production po

tential, moderately acid, adequate P 

status. 
Group 4. High inherent production potential, 

slightly acid, adequate P status. 

Group 5. Low inherent production potential, 

moderately acid, deficient P status. 

A cross lassification of groups and LUs for the 
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0 103 Dissimilorily (standardized squared distance) 

1. Dendogram showing clustering pattern of 30 LU samples, CRB, Philippines, 1981. TRR = third 

alluvial terrace, INT = lower interfluve.= recent river terrace. AF = alluvial fan, AT 

30 sites is in Table 1. Group 5, which was most 

distinct, included only lower interfluve LUs. Group 

4 contained four third recent river terrace LUs, but 

two more of these LUs were mixed with groups I 

and 3. The five alluvial fan sites were contained in 

groups 1and 2, which were dominated by alluvial 

terrace sites. It was concluded that when LUs are 

differentiated, soil differences will also be separated 

when contrasts are great, as in the case of soils in 

the lower interfluves versus others in this study. 

Where the soil differences are not pronounced, as 

in the case of soils on alluvial fans and some alluvial 

terrace soils, landform differentiation may not 

yield satisfactory soil differentiation. 

RICE COMPUTER MODEL 

A rice crop simulation model, RICEMOD, 

developed by IRRI scientists, is driven by the daily 

climatic variables of rainfall, pan evaporation 

(Epn), solar radiation, maximum and minimum 

temperature, and day length. In this model, the soil 

hydraulic relationships are functions of soil water 

diffusivity and volumetric soil water content, soil 

water matric suction and volumetric soil water 

content, and soil hydraulic conductivity and soil 

water matric suction. 
The model has undergone various refinements 

and the RICE300 version was tested for use in the 

Cropping Systems Program. The objectives were 

to determine 1)the realism embodied in the model, 

and, therefore, its usefulness in evaluating the 
in future environproduction potential of rice 

mental studies, and 2) the sensitivity of the model 

to changes in the values of selected parameters or 

Table 1.Cross-classification of 30 LU samples and groups 

separated by cluster analysis. CRB, Philippines, 1981. 

Group 
LU 

5 2 1 3 4 Non
conforming 

Third recent terrace 1 1 4 1 

Alluvial fan 4 1 

Alluvial terrace 4 1 
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driving variables. Parameters or variables to which 

the model exhibits sensitivity are the ones that must 

if the model is to be
be accurately determined 

yield and yielduseful as a predictor of mean rice 

stability when the crop is planted in a new location 

or at an earlier or later date. 

In eastern Philippines, the start of a new crop-

ping season begins in April; in western and central 

Philippines, in late June. In all simulations, I Apr 

and 25 Jun 1980, were arbitrarily chosen as the 
IR36 seedlings,transplanting dates for 25-d-old 

The soil profile was recharged on both transplant-

ing dates. An extended dry period occurred after 

the I-Apr transplanting. The simulation was run 

for approximately 122 d of plant age. In the model, 

plant age at harvest was a function of stress days, 

with increasing stress extending the time for which 


the crop would mature. 


Sensitivity to environmental changes. For the I 


Apr-started simulation, sensitivity tests were made 


on environmental variables and parameters. Cli-


matic variables and soil hydraulic parameters were 

changed ± 10% and ± 50%. In some cases, a 50% 

and caused a computerchange was too severe 

termination of the run; a smaller change was then 

tried and reported. Combinations of changes were 

changing climatic variables,made to represent 
such as an increase or decrease in latitude or a 

or drier year, and changing soil variables,wetter 
such as variations in clay content or aggregation, 

For the 25 Jun-started test, parametersorvariables 

usually changed by ± 50%. 

RICEMOD can calculate many plant and soil 

properties, but only panicle weight (PW) and root-

were used to illustrate modelshoot ratio (R:S) 
are shown as percentagesensitivity. The results 

changes from the standard simulation in which the 

original parameter values or driving variables were 

used. Table 2 shows the absolute values simulated 

for the different variables in the standard case. 

Climatic variable values for the test period are 

summarized in Figure 2. Percentage changes in 

PW from the standard simulation for the various 
For the I-Aprclimatic variables are in Table 3. 

had little effect onstart, increases in rainfall 

simulated yield but decreases had a very noticeable 

effect. Because 1Apr precedes the normal start of 

the WS by 4-6 wk, this was expected because the 

early WS had little rainfall and even large per-
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centage increases would not appreciably increase 

rainfall during the vegetative growth phases. 

was made mainly fromLimited early growth 
the reprocuctivestored soil moisture. During 

modestphases, rainfall appeared adequate for a 

yield. For the 25-Jun start, neither an increase nora 
onan appreciable effectdecrease in rainfall had 

PW. 
For the I-Apr start, the model was very sensitive 

to Epan. A 10% increase or decrease equally reduced 

The slight decreases were
the simulated yield. 

caused by changes in photosynthate partitioning 

other plant parts and panicles. A 50%
between 

further decreased PW; 50%
increase in E~r, a 

decrease increased the simulated PW. For the 25-

Jun start, a 50% increase in Eoan decreased PW by 

only 10%; a 50% decrease had no effect on PW. 

Following both starts, major radiation changes 

on PW. A modest increasehad similar effects 
occurred when radiation was increased 50%, but a 

major decrease occurred when the radiation was 

decreased 50%. 
sensitive climaticDay length was the most 

variable in the model. It is used in several of the 

model's equations, in particular for the calculations 

of leaf water potential (LWP) and photosynthetic 

radiation received. A 50% change in this variable 

caused more than a 50% change in the simulated 

PWs. The extreme sensitivity to day-length changes 

suggested that additional experimental data be 

day length-dependentsought to validate the 


physiological relationships used in the model.
 

The model was only moderately sensitive to 

changes in maximum and minimum temperatures; 

PW changes were inverse to temperature changes. 

The model was more responsive to minimum 

temperature changes. 

Table 2. Simulated values of plant parts at harvest for the 

standard cases.a 

Weight (gIm2 ) 

Variable 
1 Apr 25 Jun 

Leaf 25 96 

Stem 
Root 
Panicle 

403 
310 
362 

577 
334 
528 

0.39 S 0.28 

OSimulation used 1980 IRRI weather data. 
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2. Daily rainfall, solar radiation, maximum and minimum temperatures, and Epi,.IRRI upland weather station, April-

September, 1980. 

One often-used physiological indicator of plant LWP (bar) 
growth ismid-day LWP. The value of this indicator 0 

during plant development, especially the repro
o50 0ductive stage, has been shown to be a good yield 

predictor. Figure 3 shows Epa,, changes of the - 0 
a V0simulated mid-day LWP for every fifth day after 

-10 0the I-Apr transplanting until harvest. The solid line V 

is the value for the standard case. Comparison of 0 
Figure 3 and Table 3 shows that the high yielding 

simulations had higher (less negative) values of -15 

mid-day LWP, especially during seed filling (day 0 V 

80 onward) than did the standard case. EEpan 
Table 4 shows the change from the standard 20 - Standard 

a + 10%o0-10%simulation of the R:S caused by the changes in the 

environmental variables. The R:S was the ratio of -25 - V + 25% 

the root weight to the total above-ground weight at 0 - 25/o 

harvest. For the I-Apr start, the pattern of changes -30 i -- 
50 75 125
was similar to that of PW changes. The R:S was 3025 

most sensitive to day length, E,, and radiation, plant age (d) 

and least sensitive to temperature and rainfall. The 3.5imulated midday I.WPs vs plant age as a function of 

were much lower r' anges in Epr,amounts, I Apr simulation, IRRI, 1980.percentage changes, however, 

and their increase or decrease was not always the
 
same as that of PW. For example, a slight decrease changes for the I-Apr start and minor changes for
 

inEpan produced a decrease in simulated PW, but the 25-Jun start.
 

an 
increase in R:S. Large changes in radiation, The effects of changing the magnitudes of the 
soil hydraulic variables upon simulated PW andtemperature, and day length produced sizeable PW 
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Table 3. Simulated effects of changing weather variables on PW at harvest. 

Change (%) in PW caused by change in 

bIncrease (+) or Rad Temperature 
Day length
Start of simulation decrease (-) Rainfall Epan 

M Max Min 

1 -9 -1 -4 -8 9 

-10 -4 -81 Apr +10 -12 4 6 -19 
8010 -16 -28

0 -27+50 9 16 -73-4131-27 -50 16 -11 -180 -10+5025 Jun 690 -44 7 14-50 -1 

aSimulation used 1980 IRRI weather data. bSolar radiation. 

Table 4. Simulated effects of changing weather variables on FLS at harvest.
8 

Change (%) in R:S caused by change in 

Increase (+) or 
Radb TemperatureEpan 


Start of simulation decrease (- Rainfall 
______ Day length
 

M% Max Min
 

3 3 
+10 80 8 5 8 

1Apr 5 5 8 0 3 
-10 3 

-3 8 3 0
0+50 33 5
5 8 3 

0 


0 
-50 0 00+50 1425 Jun -4 0 400-50 

8Simulation used 1980 IRRI weather data. bSolar radiation. 

soil water diffusivity parameters, somewhat more 
R:S are in Tables 5and 6. The hydraulic variables 

sensitive to the soil hydraulic conductivity para
that were changed were soil water diffusivity (D), 

meters, and most sensitive to the soil water content
soil matric suction (M), and soil hydraulic con-

matric suction parameters. For the 25-Jun start, 
the model, D has the log

ductivity (K). In 
when rainfall was more favorable, the model was 

a exp [b(O-0.18)], M has the
exponential form, 

and Khas very insensitive to soil hydraulic variables. 
inverse log exponential form c exp (dO), are shown inThe simulated mid-day LWPs 
the inverse power form eMI 0 isvolumetric water 

Figure 4 for different values of the exponential 
content; a,c, and e are linear coefficients; band d 

matric suction coefficient, d, after the I-Apr start. 
are exponential coefficients; and f is an inverse 

The simulated values for -10 and -25% changes in 
power coefficient. 


gave very low LWP values both 
as the coefficientmodel was notWith one exception, the 

early in the season and during seed filling compared 
sensitive to changes in soil properties as it was to 

with the standard curve, subsequently predicting 
changes in climatic variables. Matrix suction for 

lower yields. As in the earlier discussion, these are 
the I-Apr simulation was the one exception. The 

the extreme cases. 
coefficient d isan exponent, and therefore a change 

When moving from one climatic pattern to 
initwill makearelatively large change inM. Infact 

or one soil to another, variables changeanother 
a -50% change in d caused the model to fail after 

simultaneously. Several such patterns were exam
day 40 of the simulation. Model output suggested 

ined to see what simulation differences would be 
that the calculated root resistances in the top 25-cm 

generated. A climate wetter, cloudier and cooler 
layer became too large and caused the LWP to 

than that at IRRI was simulated by increasing 
become very small (a large negative number). For 

Epan 50%, decreasingrainfall 50%, decreasing
-Apr start, the model was least sensitive to the

the 
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Table 5. Simulatfd effects of changing soil hydraulic variables on PW at harvesta 

Change (%) in PW caused by change in 

Metric HydraulicIncrease (+) or Soil water 
suction conductivity

Start of simulation decrease (-) diffusivity1%) 
Linear Inverse powerLinear Expon. Linear Expon. 

a 

I Apr +10 
-10 

0 
3 

+50 1 
-50 3 
+25 
-25 

25 Jun +50 
-50 

0 
0 

+25 
-25 

aSimulation used 1980 IRRI weather data. 

d e fb c 

2 1 

2 1 -23 -13 -5 
1 3 

-3 -13 -2 

-16 -21 5 
17 -13-3 2 

4 
-31 

00 0 0 0 
0 0 - 0 0 

0 
-2 

Table 6. Simulated effects of changing soil hydraulic variables on R:S.8 

Change (%) in R:S caused by change in 

Increase (+) or Soil water 

Start of simulation decrease (-)
(%) 

diffusivity 

Linear Expon. 
a b 

I Apr +10 
-10 

0 
0 

5 
-5 

+50 3 13 
-50 -5 15 
+25 
-25 

25 Jun +50 
-50 

0 
0 

0 
0 

+25 
-25 

OSimulation used 1980 IRRI weather data. 

radiation 50%, and decreasing maximum tempera-

ture 50%. To simulate a climate drier, clearer, and 

than at IRRI, changes of the oppositewarmer 
magnitudes were made. 

A more northern latitude was simulated by 
11%, maximumincreasing E,~n 6%, radiation 

temperature 4%, minimum temperature 1%, and 

day length 5%. A more southern latitude was 

simulated by decreasing Epn 14%, decreasing 
radiation 13%, decreasing maximum temperature 

8%, increasing minimum temperature 4%, and 

decreasing day length by 5%. 

Metric Hydraulic 
suction conductivity 

Inverse powerLinear Expon. Linear 
fc d e 

13 5 3 	 0
 
3
-3 -5 13 


-8
15 18 -5 

-5 - 10 -5
 

8
 
-51
 

0
0 0 0 
0 - 0 0 

0 
-4 

The results of these studies are in Table 7. 

Because moisture stress did not delay growth in the 

25-Jun plantings, it took plants 7-14 fewer days to 

mature. Rainfall changes either increased or 
to harvest, but consistently dedecreased days 


creased simulated PW. For both starting dates,
 

R:S increased in both simulated climates. Latitude 

changes had less effect than rainfall changes. For 

the I-Apr start, a move toward a more northern 

latitude showed a slight simulated increase in PW 

and R:S; a move toward a more equatorial latitude 

showed a definite simulated decrease in PW and a 
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LWP (bar) 
Q 

-5 

-10 

-1 

-

V 

v0-

0 00 

• 

0 

0 

0 0decrease 

-2 o00 0 

0 0 d 

-25 -

- 30 •V 

-35 .demonstrates- -growth 
-4 

02525 50 575 

- Standard 

a + 10%+ 25%1
030- 10o/0 

0 - 25% 

125100 1 

Plant age (d) 
as a function ofLWPs vs plant age

4. Simulated mid-day 
changes in the exponential coefficient, d, in the matric suction 

equation, I Apr simulation. IRRI, 1980. 

slight increase in R:S. 
As soil aggregation increases, total porosity, the 

slope of the moisture characteristic curve and 

saturated hydraulic conductivity may increase. The 

reverse happens with compaction or decreased 

aggregation. The first condition was simulated by 

decreasing a, c, and d 10% and increasing e50%; 

the second by increasing a, c, and d 10% and 

decreasing e 50%. 
As clay content of soil increases, total porosity 

saturated hydraulic conductivityincreases, but 

The reverse happens as clay contentdecreases. 
content increases. Increaseddecreases and sand 

clay content was simulated by increasing a and c 

10% and decreasing d 10% and e50%. The reverse 
was done to simulate an increased sand content. 

These changes were applied only to the I-Apr start, 

was sensitive to hydraulic para
where the model 
meter changes. The aggregation increase changed 

simulated PW only slightly, but showed a 5% 

in R:S. An aggregation decrease or 

compaction increase was much more noticeable in 

a depressed simulated PW. A decrease in soil clay 

content caused only a slight increase in simulated 

PW. As the soil clay content increased, however, 

there was a 27% decrease in simulated PW with the 

11% decrease in R:S. This
standard case and an 

simple cropthe usefulness of even 
simulation models. These changes in soil 

properties affect the water flow calculations in the 
soil from the bulk soil to the root and from one soil 

layer to another. These in turn affect the calculated 

root resistances and LW Ps, which in turn affect the 

calculations of the photosynthesis partitioning. In 

the case of increased clay content, compared with 

the standard case, water flowed less readily from 

bulk soil to the plant roots and from one soil layer 

to another. This increased root resistance and 

decreased (more negative) LW?. Over-all photo

synthate production dccreased because of increased 

stress. Less photosynihate was supplied to the 

roots which left proportionally more photosynthate 

for grain production. 
Sensitivity to crop parameter changes. In sensi

tivity tests, six crop parameters were changed 

independently ± 10 or± 50%for the I Apr-started 

test and ± 50% for the 25 Jun-started test. 

Table 7. Effect of Interactive changes of climatic variables on crop indices as a percentage change from the standard.a 

Higher latitudeStart of simulation 

1 Apr 

25 Jun 

Standard 
Tropical, wet 
Tropical, dry 
Higher latitude 
Lower latitude 
Standard 
Tropical, wet 

Tropical, dry 
Higher latitude 
Lower latitude 

OSimulation used 1980 IRRI weather data. 
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R:SPWPlant age (d) 

00122 
13-12117 
41-54128 


2 
 10122 

-15 
 3121 


110 
 0 	 0 
4110 -24 

25-29 
5 

114 
0110 
0-12110 



aLight received at each canopy layer was 
function of an attenuation equation parameter 
(AF) and photosynthetically active radiation. The 

leaf N was calculated as a function of a N percent 
equation parameter (AN) and crop age. A growth 

was multi-respiration equation parameter (RG) 

plied by the amount of gross photosynthate pro-


duced per day to calculate the respiration loss due 


to growth. Maintenance respiration was a function 

of an equation parameter (RM) and a temperature 


coefficient and day length. A parameter for axial 


hydraulic root resistance (RP) was used with root 


length density and soil resistance to calculate total 


hydraulic resistance in a soil layer. The parameter 


(XW) was the initial rice seedling weight at trans-


planting. 

The percentage changes from the standard 

simulation, corresponding to each parameter 

change, are in Table 8 for simulated PW and 

Table 9 for simulated R:S. It is immediately 
apparent that planting date made a major dif-

ference in the responses. The response of some 

were orderly. A small increase in AN increased the 

predicted yield; a larger increase in AN increased 

the yield more, and reversing the sign and mag-

nitude of the change had the opposite effect. 
For other parameters, such as AF, the model 

response was not as orderly. An AF increase, 

which is like making a canopy of broader leaves, 
caused a pronounced decrease in PW. In terms of 

light interception, decreasing AF is like making a 

canopy of narrower leaves. Decreasing AF 10% 

caused a slight PWincrease. For the early planting, 

however, decreasing AF50% resulted in a 50% PW 

decrease. For the 25-Jun planting, the opposite was 

true. A PW increase was predicted for a 50% 

decrease in AF. In ,ieearly planting, a large A.F 

decrease produced a smaller leaf weight and leaf 

area. With low rainfall and high radiation, how

ever, this resulted in strong negative LWPs and 
effectsmoisture stress of the crop. The stress 

reduced yield. For the 25-Jun planting, which had 
frequent rainfall and lower radiation, themore 

plants were not stressed; the lower leaves remained 

active longer, producing more photosynthate and 

eventually a higher than standard or earlier plant

ing PW.. 
The R:S of the earlier planting had a small 

response to an A F change, but the R:S of the later 

planting responded more. However, responses 

a 

as a percentage change from the standard for a given percentage change in the crop parameter. 
Table 8. Simulated PWN, 

Increase (+) or 
Start of simulation decrease (-) 

(%) 

1Apr +10 
-10 
+50 
-50 

25 Jun +50 
-50 


OSimulation used 1980 IRRI weather data. 

Change (%) in PW caused by change in parameter 

RM RP XW
AF AN RG 

1
-6 6 -5 -4 -8 

3 -22 -8 4 4 
1
18 -28 -14 -37
-29 


3 -614 14
-50 -50 

-12 -1
-19 -14 


15 -34 15 14 0 0

-1 17 

8 

Table 9. Simulated R:S, as a percentage change from the standard for a given percentage change in the crop parameter. 

Change (%) in R:S caused by change inParameter 
Start of simulation change 

RP XWRG RM
(%) AF AN 

0 0 0 
+10 0 0 0

1 Apr 00 -80 0 

+50 4 -8 0 4 8 
-B 
0-10 -4 


0 8 -8 -8 -8
-50 


-4 44 4 0+50 11
25 Jun -4
 
-50 -18 0 4 4 0 

"Simulation used 1980 IRRI weather data. 
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were opposite in sign and smaller in magnitude to 

the PW changes. Increasing AF increased the root 

mass relative to the shoot mass. Conversely, with 

an AFdecrease, the higher PW was at the expense 

of root weight in the more weather-favorable June 

planting. 
PW responses t- AN changes were orderly but 

not symmetrical. A 50% increase increased yield 

only 18%; a 50% decrease decreased yield 50%. 

The effects of A N changes and the other crop 
on R:S wereparameters (RG, RM, RP, and XW) 

changes produced appre-very slight. Only 50% 

ciable changes in the predicted ratios. Model 

to RG, RM, and RP changes wereresponses 

generally similar in predicted PW. The responses 

were monotonic, but not symmetrical about zero 

changes. Planting date had some effect, in general 

decreasing the magnitude of the predicted change. 

If model responses are correct, they seem to suggest 

that decreasing the respiration loss of an MV such 

as IR36 would have only anappreciableeffect if the 

respiration reduction were large. 

The model responded least to XW changes. A 

50% X Wdecrease caused the only appreciable PW 

for the I-Apr planting). The initialdecrease (5.5% 
weight of 15 to 25 d-old seedlings appeared not to 

appreciably affect the final crop yield. With much 

older seedlings, large changes would be expected. 
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IMPACT OF NEW CROPPING SYSTEMS IN ILOILO. 

1975-80 

Completion of 6 yr of research in Iloilo Province, 

Philippines, provided an opportunity to make an 

overall assessment of IRRI's activity there. 

In 1975, cropping systems research was begun 

in Iloilo to identify cultural on rainfed farms 
the number oftechniques that would increase 


sequential crops that farmers can grow each year.
 

Although the original plan was to dry-seed early

maturing rice varieties, early rains during the first 

year of experiments forced researchers to broadcast 

onto wet, puddled soils. The improvisationseed 
proved popular with farmers and the wet-seeding 


method of rice planting was launched in Iloilo. 


Coupled with the use of newly released, early-

maturing MVs IR28 and IR30(and later IR36), the 

new technology made it possible to grow more rice 

and dryland crops on rainfed and partially irrigated 

lands. Irrigation facilities in the area were improved 
the growingby national authorities, extending 

season by about 6 wk on 25% of the land area. 

Forty-five farms were closely watched from the 

beginning of research in 1975 through 1980. The 
observedchanges reflected the .ncral trends 

the technologythroughout the region as new 
Philippine government'sspread through the 


KABSAKA extension program. 

An increase in cropping intensity between 1975 

and 1980 on rainfed and irrigated land was made 

possible by direct-seeding of early-maturing MVs 

average farm (comprising both(Fig. 1). On an 
irrigated and rainfed land), the number of crops 

grown each year increased from 1.1 to 1.9. On 

rainfed land alone, cropping increased from about 

1.1 to 1.8 crops'yr. These changes resulted solely 

from sample farmers' casual observation of exper-

imental plots on other farms. No formal extension 

of technology or other action to encourage adop-

tion was done. 
Besides growing more crops per year, farmers 

to 40 kgincreased fertilizer use from about 20 

N/ha. These and other measures increased rice 

yield (Fig. 2). No improvements were observed in 

dryland crop yields. The combined effects of higher 

yields and cropping intensity (Fig. 3) resulted in a 

140% increase in the value of crops on farms. The 
to mean size of sample farms declined from 2.1 
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Crops (no/yr)3 

F D .
UDrylttr. Crops 

Rillyl-n'ic 

2

1975 1980 1975 1980 1975 1980
 

l Roinfed and- Irrigated land Average form-4
 

I. By adopting early-maturing MVs and early-seeding tech
on bothcrops each year

niques, Iloilo farmers grew more 

rainfed and irrigated land. Cropping intensity rose 72% on the 

average farm because of the combined effect of multiple 

cropping technology and increased irrigation. Iloilo, Philip

pines, 1975-80. 

2.0 ha during the period, such that crop value per 

in 1980 was about $1,490. Crop pricesfarm 

changed little over the period.
 

Income and its stability. Records of 1,380 rice 

plots were kept by the 45 sample farmers between 

1975 and 1980. As expected, the returns and net 

returns above variable costs were higher for MVs 

than for LVs (Table I). Returns were also higher 
vasfor irrigated plots than for rainfed plots. What 

more striking is that these returns from improved 

technology were more stable relative to their mean 

level than returns to traditional technology. This is 

by the lower CVs for improved techreflected 
nology. By this measure, new technology is less 

risky than traditional technology. 
Table 2 shows the composition of variable costs 

and the returns-to-cost ratio, a form of the B:C 

ratio. Three conclusions were evident; they ran 

counter to views often expressed in the popular 

press. 
* Cash costs for fertilizer and other materials 

used by farmers were a small fraction of total 
not markedlycrop production costs, and 


higher on MVs than on LVs.
 
* Total variable costs for producing the lowest 

technology crop (transplanted, rainfed LV) 

were not markedly less than those for pro
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farms when farmers adopted2. Rice yields increased on 

improved cropping practices. Iloilo, Philippines. 1975-80.
 

Table 1. Returns and variability of returns fr,)m new rice 

technology on 45 farms in Iloilo, Philippiner, 1975-1980. 

Plot Total Net CV of net 
Management P tort eturn CV 

retuner($/ha) n(no.)return 

Transplanted 

Rainfed 


LV 207 371 148 
 145 


MV 84 486 259 95 


Irrigated 

LV 42 387 174 107 


MV 102 686 418 68 


Direct-seeded 
Rainfed 


LV 106 356 176 100 


MV 335 452 239 98 


Irrigated 

LV 39 479 255 89 


MV 475 715 436 67 


aCoefficient of variation, computed by dividing the stand

ard deviation by the mean. 

ducing the highest technology crop (direct-

seeded, irrigated MV). 
* The rate of return on investment in labor and 

materials was uniformly higher for improved 

technology, 
These results contrast wiih the popular view that 

modern technology displaces labor and, compared 

1200
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3. A 72% increase in cropping intensity and 42% increase in 
crop yields per farm resulted in a 140% increase in the value of 

crops on farms. Iloilo, Philippines, 1975-80. 

Table 2. Costs of production aid rate of returns on costs 
on 45 farms in Iloilo, Philippinerof nbw rice technology 

1975-1980. 

Costs ($/ha) Returns: 
Management 

Labor Material Variable 

Transplanted
 
Rainfed
 

LV 194 29 223 
 1.7
 

MV 191 36 227 
 2.1 

I rrigated
 
LV 172 41 213 1.8
 

MV 212 56 268 2.6
 

Direct-seeded
 
Rainfed
 

LV 134 36 170 2.0
 

MV 151 62 213 2.1
 

Irrigated
 
LV 155 69 224 2.1
 

MV 178 101 279 2.6
 

with traditional technology, requires a much higher 
oncash investment, offers lower rates of return 

investment, and subjects farmers to greater risk. 

Regarding the separate issue of what rate of 

return a farmer expects, the data support the view 

of cropping systems researchers that a new tech

nology should offer a 2-to-I rate of return on 

current costs to be minimally attractive to farmers. 
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Employment and wages. During the 5cropping 

seasons, the average employment time was higher 

for irrigated rice than for rainfed, and higher for 

MVs than for LVs (Tabie 3). However, the shift to 

wet seeding was tl e factor that dominated labcr 
newemployment. Early in the adoption of the 

cropping practices, it appeared that labor savings 

from direct seeding would be more than offset by 

increased cropping intensity. Also, higher yields 

were expected to increase the incomes ofharvesters. 

However, the new technology invited other labor 


preparation and, eventually, in
savings i. land 

insect and weed control. More importantly, the 


initally higher labor -equirements, coupled with 


higher farm incomes, set the stage for mechaniza-

the 1976-77
tion, which proceeded rapidly after 

cr-ap year (Table 3). By 1979-80 the time worked 

per farm by hired laborei s was reduced more than 

50% from the 1975-76 level, 
The workers who remained in the labcr force 

the changes because theylikely benefited from 
became more efficient. Clearly in the case of 

harvesting, higher productivity resulted in higher 

earnings. Harvesters working with a mechanical 

Table 3. Labor use for rice production on 45 farms, Iloilo, 

Philippines, 1979-80 
Labor use (man-h) 

Crop 
Per farm Per hectareyear 

Trans- AllDirect- Trans- All Direct-
seeded planted rice seeded planted rice 

1975-76 415 1182 1597 513 79z3 L?1 

1976.77 815 900 1715 636 708 618 
4931977-78 881 	 425 1306 430 71b 

171 1183 407 590 4261978-79 1012 
505 388

1979-80 740 88 828 336 
_ 

thresher received one-twelfth the yield ofa crop, or 

half the share they received using manual threshing 

techniques. However, mechanical threshing, being 

faster, enabled workers to harvest more than twice 

as much in a day and actually earn higher wages. 

The effects of the new technologies on wage rates 

were examined by estimating wage rates from 

hired-labor transactions. 
and 1979-80,Between crop years 1975-76 

approximately 7,500 hired-labor transactions in

volving 186,000 man-h were observed on the 45 

farms. More than 100 differentjobs were recorded 

major classes discussed.and grouped into the 

Worker compensation in cash and the value of 

meals, snacks, cigarettes, liquor, and produce were 

recorded. Weekly and anii al summaries of the 

compensation value per hour worked were com

puted. Tablt 4 shows the nominal annual imputed 

wages paid for major operations and the imputed 

wages deflated by the consumer price index. 

Although annual real wages for land preparation 

and harvesting increased, the wages for transplant

ing declined throughout the period. Wages for 

weeding first increased then declined. 

Input use. The records of sample farms provide 

helpful insight into farmers' use of purchased 
inputs and raise questions about the efficiency of 

those inputs. N fertilizer is the largest, often the 

only, cash expenditure in a farmer's crop budget. 
To obtain the highest yield response to N, re 

searchers recommend incorporating it into the soil 

at planting, possibly wit'i additional applications 

at no later than panicl, initiel in (PI) 10-11 wk 

before harvest. 
On the sample Iloilo farms, only 17% of the 

ferilizer was applied at planting time, up tn Pl. 

Another 23% was applied in the 2 wk arouna PI, 

Table 4. Wage rates imputed from hiring tranwaction$ ch. 45 farms. Iloilo, Philippines, 1975-80. 

Wage rate ($/d) 

CroppingConsumer	 priceRealNominalCropping 	 indexseason 
plantingWedn avsigpreparation Trans- Weeding HarvestingLand Traps- Weeding Harvesting Land 


planting
preparation 

125 0.59 1.27 lo 
1975-76 1.25 1.25 0.59 1.27 

1.04 1.78 1061.24 
189 1.10 

1976-77 1.17 1.10 1.10 	 1.04 
0.70 1.69 1151.05 0.840.97 0.80 1.94

1977-78 1.21 	 0.58 1.62 1231.80 0.690.71 1.99
1978-79 2.21 0.85 	 1.49 1460.53 0A72.18 1.400.77 0.691979-80 2.05 
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and the remaining 60% afterward, when the plants 

used less of the N. 
Farmers commented that the delays in N appli-

cation were caused by late availability of funds and 

a desire to observe crop progress before investing 

in it. 
The changes in labor and material input use and 

crop production have brought major changes in 

labor force structure, andthe farm household, 
farm capital. Gencra' findings in other studies 

show that children and farm operators now work 

less on farms, both being replaced by hired labor. 

All rice is now mechanically threshed when previ-

By 1982, tractors had replacedously none was. 

carabao on 33% of the rice land. 


are still in progress and moreAdjustments 
distant effects are now only hinted. Weeds appear 

to be on the increase and farmers speculate they 

may need to return periodically to transplanting. 

Changes on the 45 farms continue to be monitored 

as the need occurs. 
By the 1982-83 crop year, i3,500 ha in Iloilo and 

were part of the governsurrounding provinces 
and direct-seededment's KABSAKA program 

with early-maturing rice varieties. Higher cropping 
in the mechanization ofintensity has resulted 

plowing and harvesting and a consequent decline 

in draft animal ownership. More than 50 firms in 

the area manufacture small threshers, wherebefore 

1975 there were none. 
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DISEASES 

Plant Pathology,Department 

Surveys. Wetland rice-based croppirg systems. In 

Barangay Iraga, Philippines, duiing the 1982 rice-

growing season, leaf blast (Piricularia oryza Cav.), 

became an important disease causing severe dam-

age to most of the IR52 seedlings in seedbeds. The 

not been observed previously. Dry-
disease had 
seeded and wet-seeded 1R52 in six cropping pat-

fields also suffered 
terns and research-managed 


from blast with 1980 SES severity ratings of 4-7. 


poor crop stand
an alreadyBlast aggravated 
of the lower leaves

because of drought; most 


became d y. Mild cases of the disease occurred in 


Bauan and Bangag, except in few
Barangays 	

a 

fields with very green plants where the severity 


rating reached 7. Light, intermittent showers, 


wet for long periods, greatly

which kept leaves 

contributed to the blast severity, 

Light grain discoloration and fight infections of 

sheath blight (Thanatephorus cucumeris [Frank] 
oryzaespot (HelminthosporiumDonk), brown 

van Breda de Haan), and narrow brown spot 

(Cercospora oryzae Mi-i.) were also obsei ved at the 

site. 
Rhizoctonia solani

On mungbean after rice, 

Kuhn in damped-off seedlings was found in isola-

of the infected seedlings
tion plates where 2% 

research-
collected from cropping patterns and 

managed fields yielded Rhizoctonia. Sclerotium 

rolfsii Sacc. was common, as was powdery mildew 

(Erysiphe polygoni D.C.) 

On mungbean before rice, Cercospora leaf spot 

was less severe than during the
(Cercospora cp.), 

previous year, with ratings only 0-3 (<5%leaf area 


rain at the late
affected) probably because of no 

growth stage. 
and plant diseases. A survey of 30

Farmers 
farmers' concepts of and responses to plant diseases 

in three barangays of Solana,
was conducted 
Cagayan, Philippines. Interviewed farmers, shown 

crop diseases,color photos o. ccmmon local 
of the

recognized only RTV. The solution of 10% 
or bury the infectedwas to either rogue 

plants. Ninety-seven percent observed false smut, 

not as a disease, but as a sign of good harvest. Most 

of the farmers attributed postemergence damping-

off to excessive water in the soil. Farmers attributed 

farmers 
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Cercospora leaf spot, powdery mildew, and rust of 
grain legumes and sheath blight of rice and maize 

to insects. Most of the farmers' local names for 

such diseases were associated with insects. Seven

teen percent associated downy mildew of maize 

said black spot of
with late planting; only 10% 

peanut occurred at crop maturity. Forty percent of 

their crops but none used
the farmers sprayed 


fungicides.

Chemical control. Damping-off in legumes. 

Fungicides have been identified for seed treatments
 

caused by Sclerotium
to control damping-iff 


rolfsii, Rhizoctonia solani, and Fythium debarya-

A trial was 

num, sirgly and in combination. 


conducted to determine interactions among soil

borne pathogens by observing the incidence of
 

influenced by the 
preemergence damping-off as 


Mancozeb + benomyl

seed treatment (Table 	 1). 


Rhizoctonia damping-off,
effectively controlled 

but the control was nullified in the presence of 

to be more ag-
Sclerotium. Sclerotium appeared 

gressive than Rhizoctonia because isolates from 

infected with both
infecLed seeds sown in soil 

Rhizoclonia and Sclerotium yielded only Sclero
were

tium. With thiophanate methyl the results 

similar. However, orthocide RE-26745 had less 

effect on Rhizoctonia and isolation from infected 

seeds sown in Rhizoctonia-and Sclerotium-infested 

soil yielded only Sclerotium. It appeared that, with 
the pathogenicorthocide, Rhizoctonia enhanced 

ability of Sclerotium, thereby significantly increaG

from 42.9%, with Sclerotiuming the infection 
alone, to 59.2%, with Scierotium and Rhizoctonia 

together. 
Metalaxyl was excellent against Pthium damping

offITable 1), but was inactive against Rhizoctonia, 

suggesting that Rhizoctonia is tolerant of meta

+ thiadiazole was
laxyl. On the other hand, PCN 

effective against Rhizoctonia damping-off, but did 

not work in the pr-esence of Pythium. Seventy 

percent of the infected seeds from Rhizoctonia + 

attacked by Pythium.Pythium-infested soil was 

With carboxin + captan, it appeared that Rhizoc

tonia increased the infectivity of Pythium; disease 

significantly from 53.8 to
incidence increased 


69.6%.
 
with orthocide RE-

Trea' ing nungbr-n seeds 
between fythiumcause synergism26745 mighl 

and Sclerotiun tecause the infection by the com



a 
with possible interaction among soil-borne pathogens in seed-treatment experimentP

Table 1. Selected treatments 
IRRI, 1982. 

Rhizoctonia (R) and Sclerc tium (S) 

Fungicide 

(g ai/kg seed) 


Mancozeb + benmyl 

(4.4)
 

Thiophanate methyl 

(0.7) 

Orthocide RE-26745 
(3.0) 

R and Pythium (P) 

Fungicide 

(g ai/kg seed) 


Metalaxyl 
(0.7)
 

PCNB + thiadiazole 

(0.9) 

Carboxin - captan 
(1.4) 

Sand P 

Fungicide 

(g ai/kg seed) 


Orthocide RE-26745 

(3.0) 

Metalaxyl 
(0.7) 

PCNB + thiadiazole 
(0f.) 

Carboxin + cantan 
(1.4) 

Infectiona (%) Pathogen 
involved 

R S R+S in R + S 

31.7 b 71.6 a 77.8 a 100%S 

49.5 b 77.0 a 80.1 a 100%S 

63.1 a 42.9 b 59.2 a 100%S 

Infection (%) Pathogen 
involved 

R P R + P in R + P 

80.5 a 12.0 b 80.1 8 100% R 

15.1 b 73.1 a 81.3a 70%P 

32.9 c 53.8 b 69.6 a 60% P 

Infection (% Pathogen 
involved 

S P S + P in S + P 

42.9 b 17.0 c 59.6 a 100%S 
100% P 

79.7 a 12.0 b 80.5 a 100% S 
60% P 

25.2 c 73.1 a 60.7 b 90% P 

19.7 b 53B a 53.0 a 75% P 

aPotato dextrose agar (PDA) with carboxin + captan at 0.125 g/liter was used to detect Pythium in association with 

Rhizoctonia and with Sclerotium; PDA with mancozeb at 0.94 g/liter + metalaxyl at 0.54 g/liter for Rhizoctonia; and 

PDA with benomyl at 0.56/gliter + -netalaxyl at 0.54 g/liter for Sclerotium. In a row, separation of means by Duncan's 

multiple range test at the 5% level. 

bination was significantly higher than that caused 
by either pathogen alone. Both Sclerotium and 

Pjythium were present in equal proportion isolated 
from infected seeds. With metalaxyl, Sclerotium 
was more active than Pythium, as shown by higher 

colonization percentage of infected seeds by Scle-

rotiurn; with carboxin + captan, Pythium was 

more aggressive than Sclerotium. With PCNB + 

thiadiazole, infection level in soil infested with both 

Sclerotium and Pythium was significantly lower 

than in soil infested with Pythium alone, but 

significantly higher than in soil infested with 

Sclerotium alone. Because 90% of the infected seed 
was colonized by Pythium, the presence of Sclero

tium could therefore have adversely affected 
Pythium, causing the reduction in infection. 

Cercosporaleafspot inmungbean befc re rice.It 

was previously observed that Cerccspora leaf spot 

in mungbean was controlled well by spraying 
mancozeb + benomyl even at a low rate of 0.44 g 

ai/ liter and that two sprayings (35 and 45 DE) were 

as effective as three sprayings (25, 35, and 45 DE). 

Further trials were conducted to confirm these 

findings and to determine the proper tining and 
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minimum spray frequency. In
the most effective 

where the initial infection rating was onlytriai 1, 
of spraying was already sta-

0.3-0.5, the effect 
tistically detected at 19 DE (Table 2). At 29 DE, thc 

disease was controlled only by the 20-DE treatment 

in the three-spray regimens, suggesting that the 

no longer effective after 19 d. 
10-DE spray was 

to be still
However, the 20-DE spraying proved 

effective at 39 DE Statistically, the efficacy of the 

30-DF spraying was more pronounced during the 

first priming (51 DE), implying that the control 

derived from the third spraying was too late as far 

as the first harvest was concerned. Based on disease 

ratings at 39 DE, spraying once at 20 DE had the 

best performance among single-spray applications; 
the best 

as expected, three sprayings provided 

disease control. Disease ratings were also taken at 

51 DE to obtain a correlation between the disease 

rating at first priming and yield. However, the 

effect of treatments could not be correlated with 

low infection despite
yield probably because of a 

providing an inoculum source in the vicinity of the 

experimental field. 
In trial 2, the disease did not increase substantial

ly, as shown at the 51 -DE observation, where the 

highest mean disease rating was only 6.2. Yield was 

much lower because of profuse vegetative growth 

commonly observed on the variety during the rainy 

season and was inconsistent with treatments. 

From these two trials, it appeared that the best 

ti-.ne to spray to control Cercospora leaf spot is 20 

DE. The minimum effective spray frequency could 

not yet be identified because sufficient data on yield 

with cost-and-return analysis were not available. 

At the Solana site, an experiment was conducted 
an LV (Table 3). Even

in a farmer's field using 
was low (the highest meanthough the infection 

disease rating was only 1.6), the treatment effects 

rould still be determined. Copper oxychloride and 

thiophanate methyl provided similar control. 

Table 2. Effect of time and frequency of fungicide spraying on the Cercospora leaf spot severity and yield of mungbean 

before rice (trial 1). IRRI, 1982. 

Yield 
Disease rating/leaf__________________ha________________Spraying time (ha) 

19 DE(DE) 


0.7 b10+20+30 
0.6 b10+20 
1.4a20+30 
0.7 b10 +30 
0.7 b10 
1.5 a20 

30 1.6 a 
1.5 aNo sprayng 

9 scale: 1 = <1% leaf area affected, 9 = a 1 

51 DE (at 1st39 DE29 DE 
priming) 

1.044.0 b2.0 d0.6 b 1.08
6.6 a2.9 abc0.6 b 1.174.4 b2.3 cd0.5 b 0.974.3 b2.6 bcd1.6a 0.756.4a3.3 ab1.5 a 0.926.0 a2.1 abed0.7 b 1.04
4.6 b3.0 abc1.7 a 0.916.8 a3.6 a 

>50% infection. Av of four replications. 

1.7 a 

in four farmers' fields.mungbean before rice
of Cercospora leaf spot on 

Table 3. Effect of treatments on severity 

Solana, Cagayan, Philippines, 1982. 

FungicideS 

Copper oxychloride 

58% 


Thiopt dnate methyl 

70% 


Untreated 

(gai/liter H2 0) Field 1 Field 2 

2.68 0.05 0.04 

1.34 0.27 0.09 

0.44 0.06 0.10 

022 0.11 0.12 

0.11 0.03 0.29 
0.51 0.47 _ 

foliar spray at bud to flowering stage. bAt 19 DAT on 1-0 scale:-
aApplied as 
fection. 

380 IRRI ANNUAL REPORT FOR 1(/82 

Disease ratingb/leaf 

Field 3 Field 4 Mean 

004 
0.07 

0.19 
0.38 

0.08 
0.20 

0.02 
0.06 
0.09 

0.13 
0.30 
0.37 

0.08 
0.15 
0.20 

0.33 1.58 0.72 

<1% leaf area affected, 9 = >50% in



Generally, the degree of control was reflected by 

application rates. 
Blast in rice. Because leaf blast has become 

important in Barangay Bauan, an experiment on 

chemical control of the disease was conducted in 

the seedbed and the field. Three locally available 

fungicides were sprayed at the recommended and 

half the recommended rate. In the seedbed, pre-

treatment observation on seedlings at the one- to 

two-leaf stage revealed a mean blast lesion count of 
I g/ liter1.1 to 2.0/leaf. At 15 DAT, benomyl at 

provided the best protection for newly formed 

leaves. Edifenphos and copper oxychloride pro-

vided 	no control. 
Powdery mildew in nuingbean after rice. Re-

duced application rates of mancozeb + benomyl 

(1.40 g ai/ liter) and chlorothalonil (0.95 g ai/ liter) 

have already been found effective against powdery 

mildew in mungbean after rice. In 1982, an experi-

ment was conducted to determine the proper time 

of spraying and the most effective minimum spray 

frequency. 
The field trial used three planting dates so 

control at varying degrees of infection could be 
re-observed. Pretreatment observation at 9 DE 

vealed that all the plants, even in the third planting, 

were healthy. In the first planting, the infection was 

so slow that, even at 29 DE, the first spraying was 
DE, the controlstill effective (Table 4). At 39 

offered by all treatments, except at 30 DE, did not 

differ significantly. In the second planting, which 

had higher infection, the effect of the first and 

second spravings was reflected statistically on 

infection at 19 and 29 DE, respectively. So, 10-DE 

spraying was no longer effective at 29 DE. Much 

higher infection in the third planting revealed that 
among single sprayings, the 20-DE treatment was 

best; the 20- + 30-DE sprayings were superior to 

the 10- + 20-DE. 
Because of insufficient levels ofpowdery mildew 

infection in the field, the test was repeated in the 

greenhouse. The effectiveness of spraying once at 

20 DE was consistent with that in the field trials. 

Cropping systems and soil-borne diseases. S'oil
has b'enborne diseases in dryland fields. It 

observed that continuous cropping of cowpea 

results in the prevalence of Fusariurn infection, 
severe stunting, and reduced yield. In the sixth 

cropping (not counting the repeated 1981 plantings), 
higher in cowpea - cowpea the infection was 

-cowpea and dryland rice - cowpea cowpea
 
maize,
patterns than in the pattern with green 

where infection was substantially low (Table 5). It 

appeared that the infection was favored by at least 

two successive croppings of cowpea, as observed 

during the third cropping. Furthermore, the plants 

from such two-cropping patterns were stunted and 

had a lower stand count because of the higher 

infection. Regardless of the cropping sequence, 
Fusarium was the prevailing pathogen isolated 

from infected plants. 
Based on sclerotia count, the population of 

Rhizoctonia inthe soil was consistently higher than 

that ofSclerotium in the dryland rice - green maize 

- cowpea sequence; that of Sclerotium was higher 

in the continuous cropping of cowpea (Fig. 1).The 

Fsarium population was not correlated with 

percentage of infection observed on 21 Jul and 18 

mungbean after rice as affected by time and frequency of spraying and by 
Table 4. Severity of powdery mildew on 

planting date. IRRI, 1982. 

Disease ratinga/leaf 

Third planting
Spraying time First planting Second planting 

(DE) 
19 DE 29 DE 39 DE 

19 DE 29 DE 39 DE 19 DE 29 DE 39 DE 

c 0.0 b 0.0 b 0.0 d
0.0 c 0.0 b 0.0 c 0.0

10+20+30 0.0 c 0.0 b 
0.1 c 0.0 b 0.0 b 1.0 c

b 0.1 c 0.0 b 0.0 c
10+20 0.0 c 0.0 	 dc 0.0 c 0.4a 0.2 b 0.3 

20+30 0.1 bc 0.0 b 0.1 C 0.2 a 0.0 
b 2.1 b 0.0 b 0.5 b 3.4 b 

0.0 c 0.0 b 0.1 c 0.0 b 0.310 	 c 0.1 c 0.4a 0.4 b 1.1 C 
20 0.1 a 0.0 b 0.1 c 0.2 a 0.0 

1.3 c1.0a 0.3 c 0.4a 2.2a 
30 0.0 bc 0.7a 0.4 b 0.2a 

4.0 a
1.0a 2.6 a 0.4 a 2.1 a 
No spraying 0.1 b 0.7 a 1.8 a 0.3 a 

>75% infection; 13 randomly selected plants considered per plot.
81-9 scale: 1 = 1-5% ;eaf area affected, 9 = 
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Aug, although the highest proportion of infection 

was attributed to Fusarium. Generally, the popula-

tion of the three pathogens in the soil decreased 

over time (Fig. 1)and the decrease was correlated 

with the reduction in the incidence of soil-borne 

diseases (Table 5). 

SaprophYtic surivalof three soil-borne patho-

gens. Damping-off caused by Sclerotiurnrolfsii has 

been common on mungbean grown after wetland 

Damping-off caused by Rhizoctonia solani 
rice. has been 

root rot caused by Fusarium sp.
and 
common on grain legume crops grown in strictly 

dryland fields (Annual reports for 1978 and 1979). 

Populoion (Sderoliao prgule (count x&
PopuIathol (Sde- :a 

7o)/ soilu ucurnl/2oocount/00g soil 
6 pfru p6 
5 

6 Ile , 

5 11 
4natural

"the 

22 
OIIerv, i l doe o1 Iboth-O/,l/ 

001 20-l-

Observation date 


i pea
rylnd Irce-coecoe 


,IrlC-~re rIe ~~Pe 

i ouainof three soil-borneopathogens in adryland field 
"". 

. Population o -o 
planted to cowpea as a third crop in three cropping patterns,IRRI,1982.results 

It appeared that Scieroium survived better than 

Rhizoctonia and Fusarium when submerged during 

the growing of wetland rice. Studies on the survival 

of the three pathogens in dryland and wetland rice 

fields suggested that Fusarium could remain highly 

viable in dryland fields for months. However, the 

recovery of mycelia of Sclerotium and Rhizoctonia 

100 to 0% (Fig. 2). All three 
dropped from 

pathogens had poor saprophytic survival in wet

land rice fields. 
In the wetland fields, the Fusarium population, 

determined using a PCNB agar medium and the 

count of Rhizoctonia, did not increase 
sclerotia 

with that of Sclerotian,
substantially compared 

which reached as high as 104 sclerotia/ 200 g ofsoil. 
The density of the three pathogens was consistently 

higher in dryland than in wetland fields. 
a zeroSubsequent percentage recovery from 

reading and increase in population were due to the 

occurrence of the pathogens, as revealed in 
study of competitive saprophytic ability in 

was 
healthy legume stalks (Table 6). Fusarium 

most efficient in colonizing the legume stalks in 

wetland and dryland fields. Rhizoctonia 
in thethan Sclerotiutamore stalkscolonized 

dryland field, but both pathogens had poor com

petitive saprophytic ability in the wetland field. A 

very minimal colonization percentage by the three 

h tlshdde.Icnitn suggested that 
pathogens in subsequent monthstermclai 
their mycelia in the stalks had died. Inconsistent

for Fusarium could be attributed to the 

of soil-borne diseases and pathogens involved at three observation dates in sixthb cropping in a dry-

Table 5. Incidencea c 

land field with three cropping patterns. IRRI, 1982. 
18 Aug4 Aug21 Jul 

Pathogen Infection Pathogen
Pathogen InfectionInfectionCropping pattern 

7.9% R0.2% R Stem and 
7.9% R Stem and 1.2 SDamping-off- cowpea - cowpea 96.2 F root rot

Cowpea 1.2 S root rot F12.6% P 3.9% 64.51.1F 20.1%64.5 6.6 P 
8.6 P 14.2 R84.4 F Stem and

Stem and14.1 R S- Damping-off 5.5 P root rot 0.8 
Dryland rice - green maize S root rot

3.6% 0.8 2.1% 55.4 F 
cowpea 55.4 F 3.7% 4.3 P 

4.3 P 9.5 R0.2 R Stem and 
9.5 R Stem and S - cowpea Damping-off F root rot 1.1 

Dryland rice - cowpea 1.1 S root rot 95.8 F23.9% 2.9% 68.41.3 P
68A F 16.7% 5.1 P 

5.1 P 

figures followed by % indicate incidence, based on the ratio of infected plants to the total population X 100. 
.nfection was not considered. cEch 

= bRepeated planting in 1981 
F = Fusarium, P PhythUm.

S = Sc/erotium,R=Rhizocfuia, 
figure represents a mean of four replications. 
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survives better saprophytically by forming numer
presence of other species in the field. 

Although the colonization percentage of the ous sclerotia. Likewise, Fusariumwas no longer 
recovered from stalks in subsequent months, but 

stalk by Sclerotiun was less than that by Rhizoc-
its density in the soil markedly increased in dryland

tonia, Sclerotium produced more sclerotia, as in 
fields.the saprophytic survival study, suggesting that it 

R&70cbwa, saby' _qoefwobnra/ 

Fusa-mm spL(%recovery)(%recovery) (%recovery) 
100 100 10 

80 80'4 80 
\-Dryland 

6060- 60 

40- Welland 4040 

20- It . 
" ' 

20 
O 

., 20 
0 

0' 
Population 
(scleratia count/2O

:50 
soil) 

0
Population 
(scleratia count/200 

0""-O 
Po)}gules 

soil) (oount00/25 
12 

soil) 

25 125 1 10 

20- 100- 8 
I I 

15 / 
! 

75-
I 

6 \ 
I 

50 - -- i 410-


25- 2
5-


00 10 
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2. Saprophytic survival anti population of three soil-borne pathogens in dryland 

and wetland rice fields. IRRI. 1982. 

in dryland and wetland rice 
Table 6. Competitive saprophytic ability and population of three soil-borne pathogens 

fields. IRRI, 1982. 

Fusarlum sp.S. rolfsiiR. solani 
Month 

Wetland Dryland Wetland
Dryland Wetland Dryland 

Colonizationa 
b 37.5 0.0 100.0 100.0
0 87.5 12.5 

0.0 0.0
1 37.5 0.0 0.0 0.0 

2 0.0 0.0 0.0 0.0 12.5 12.5 

0.0 18.0 0.0 0.0 0.5 
3 18.8 -
0.0 0.0 
4 0.0 0.0 

Population
c 

4.0 X 102 4.5 X 1020.0 14.0 0.01 0.0 6.5 X 102 2.0 X 102 
0.0 13,0 37.50.0 32 9.0 X 102 
1.0 160.0 29.0 1.7 X 10

2 3.0 
-

4 3.5 2.0 121.5 13.5 

after burying the stalk, which coincided 
by planting the harvested stalks on 2% water agar. bAt 5 d

aDetermined 
%:ith the period from land preparation to planting. CSclerotia count from 200-g soil for Rhizoctonia, Sc/erotium, and 

Fusarium propagules from 25-g soil, on over-dry weight basis. 
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sistent over the years and was least in the December 
INSECTS 


plantings. Aphid Aphis craccivora and pod borer 
Entomology Department 

Mungbean insects. Yearly and monthli variations. Heliothis arnigera varied from year to year with 

Developing an insect control recommendation for no apparent pattern. 

site takes a minimum of 3 yr because potential Yield varied from 0.9 to 1.4 t/ ha over the 4-yr 
a 

period in insecticide-protected plots. Highest yields 
practices must be tested at the existing levels of pest 

recorded in the November and December 
presence over years. Planting dates, climatic 	 were 

factors, and yield potential must also be considered. plantings when there was less cloud cover. 

Despite the high variability in insect abundance 
The results of trials on mungbean planted after 

in the unprotected plots, yield loss was consistently 
rice in Pangasinan, Philippines, supportrainfed 

high over the years (69-93%) and months (63-85%).
 
this point, 
 that a minimum of two 

1980, the yearly and monthly The results showed 
From 1977 to 

insecticide applications at 10-d intervals was neces
variations in insect abundance and yield loss were 

sary to protect each major growth stage (pre
compared (Table 7). The rice stubble was plowed 	

against the wide 
under and insect counts were taken in plots without 	 flowering and postflowering) 

array of expected insect pests each month or year. 
insecticide treatment. Because of the spread in 

The use of economic thresholds to determine 
planting dates of the single rice crop, mungbean 

timing of insecticide application was not practical 
was planted from October through December. 

because of the consistently high yield losses 	ex-
Beanfly Ophiomyiaphaseoli abundance varied 	 neededpected. Broad-spectrum chemicals were 


greatly from year to year but not among months of 
because of the large number of expected pests.
 

planting. Thrips Thrips palmi was only recognized 
Rice stubble andcontrol ofpreflowering insects. 

as a pest in 1979 and 1980 but showed significant 
pests cause one-third of thePreflowering insect 

variability between years and was not abundant in 	
mungbean planted

plantings. Flea total yield loss (0.9 t/ha) on 
the November and December 

with high tillage after rainfed rice in Pangasinan. 
beetle Medythia suturalis damage was highly con-

Table 7. Variations in insect abundance and yield loss over years and planting months in mungbean planted after rain

fed wetland rice.@ Manaoag, Pangasinan, Philippines, 1977-80.
 

Month planted

Year 

DecCharacter	 Oct Nov1979 19801977 1978 

18 a 36 a 23 a 27 a 
53 c 74. d 31 b 

Beanfly-infested 
plantsb 25 DE (%) a 20 b 17 b 11 a 

a 18 a 13 a 20 
Flea beetlec 14 DE 24 

- 4 a 14 b 22 b 	 4 a 2 a
(%defoliation) -

Thripsd 25 DE 
(no./10 terminals) 3.8 b 19a 4.7 c 3.8

5 
b
b3.0a 	 b 1a

Aphid infestation
e 4.3 b 3.0 a 

(scale) 25 DE5 b5b 1a8 b 1 a 
Pod borer larvae f 4 a 10 b 

45 DE (no./10 plants) 
0.5 aYield Wtha)	 0.1 b 0.4 a 

0.1 a 0.3 a 0.2 a 0.3 a 	
1.1a 1.2 aUnprotected 	 b 0.8 b1.2 a 0.91.3a 1.4 a 	 63 63Protectedg 	 8581 6993 77Yield loss (%) 

- Dec (4); 1979-Oct (4), Nov (3), Dec (4); 1980- Oct (3), Nov 
aNo.of field replications: 1977-Nov (4), Dec (7); 1978 -35 leaf bud terminals. 01-9 scale on per-plant basis: 
(3), Dec (9). b2 5-35 plants dissected. c25-35 plants sampled.d25 

many colonies running together; 25= = several colonies, 7 = many distinct colonies, 9 
1 = no aphids, 3 = adults only, 5 	 Post

25-35plants sampled. 91977: Preflowering: 0.5 kg ai monocrotophos EC/ha 2 and 12 DE. 
35 plants sampled. f
flowering: 1 kg ai endosulfan EC/ha 25, 35, 45 DE. 	1978: Preflowering: 1%carbofuran seed treatment. Postflowering: 

1979-80: Preflowering: 0.5 kg a; monocrotophos EC/ha 2, 9, 16 
0.5 kg ai decamethrin EC/ha EC/ha 25, 35, 45 DE. 


DE. Poitflowering: 0.03 kg ai decamethrin EC/ha 25, 35,45 DE.
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Insecticides were the only control method because 

no insect-resistant varieties were available. 

A minimum of two applications was necessary 

to protect the crop against beanfly, thrips, flea 

beetle, and aphid, which reduce crop stand and 

early plant vigor, causing stunted plants that set 

few pods. 
Minimum tillage methods have been developed 

to establish mungbean quickly after rice harvest 

when soil moisture is more favorable. Studies 

revealed that the presence of standing rice stubble 

interferes with the colonizing ability of beanfly, 

thrips, aphid, and leafhop,-er during the first 21 

DE. 
Trials from 1977 to 1980 compared the effect of 

rice stubble on preflowering insect pest abundance 

and yield using a split plot design. The results 

confirmed its suppressing effect on beanfly, thrips, 

aphid, and leafhopper inl untreated plots (Table 8). 

However, in plots protected with insecticide during 

the postflowering period only, yields were the same 

with standing rice stubble (0.64 t/ ha) and without 

(0.63 t/ha). 
Leaving the rice stubble in the field apparently 

had no economic benefit. This was surprising 

considering the substantial degree of insect control 

provided by the rice stubble. However, insecticides 

provided a higher level of control than rice stubble. 

Rice stubble did not affect flea beetle or leaf miner 

Stomopteryx subsecivella. 
Despite stubble presence, high yield losses oc

curred because the economic injury level of the 

crop was lowered by an attack of several pest 

species at once, even though their abundance was 

relatively low. This multipest yield loss pheno

menon has been recently demonstrated on rice. 

Each preflowering mungbean insect pest caused a 
as a wholedifferent kind of plant injury, which 

counteracted the plants' ability to recover from 

that damage. 
If plants were attacked by only one insect pest 

which inflicted a specific type of damage (removing 

leaf tissue - flea beetle, leaf miner; tunneling the 

stem - beanfly; feeding on developing buds 

thrips; or removing photosynthate - aphid, leaf

hopper), they could tolerate high numbers. Yield 

loss accelerated dramatically as the number of pest 

species increased, blocking the plants' alternative 

compensatory pathways. The economic injury 

level for each pest became progressively lower as 

the number of pest species increased. The high 

preflowering yield losses in mungbean grown after 

rice could be explained by the presence of pest 

species acting on four different plant parts. 

Table 8. Effect of rice stubble on preflowering insect abundance and yield of mungbean planted after rice. Maneoug, 

Pangasinan, Philippines, 1977-80. 

Character 

Flea beetlea 14 DE 
(% defoliation) 

bBeanfly 25 DE 
1%infested plants) 

Thrips 25C DE 
(no./10 terminals) 

Aphid infestationd 
(scale) 25 DE 

Leafhopper 258 DE 
(no./10 plants) 

Leaf minerl 25 DE 
(no./10 plants) 

Yield (tlha) 

Insecticide protection 
Rice

stubble 
No rice 
stubble 

Difference 

Untreated 11 b 11 b ns 

Treated 3 a 2 a ns 

Untreated 14 b 28 b ** 

Treated 8 a 8 a ns 

Untreated 3 a 9 b 

Treated 3 a 3 a ns 

Untreated 
Treated 

1A a 
1.0 a 

3A b 
1.0 a ns 

Untreated 1 b 3 b *0 

Treated 0 a 0 a ns 

Untreated 
Treated 

6 
1 

b 
a 

5 
2 

b 
a 

ns 
ns 

Untreated 
Postflowering only 
Treated 

0.36 c 
0.64 b 
1.01 a 

0.33 c 
0.63 b 
1.05 a 

ns 
ns 
ns 

825-35 plants sampled. b2 5 -35 plants dissected. c25-35 leaf bud terminals. dl -9 scale on per-plant basis: 1 = no aphids, 

3 - adults only, 5 - several colonies, 7 = many distinct colonies,9 = many colonies running together; 25-35 plants sam

pled. 
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Farmers'controlpractices.The low mungbean 

yields of farmers in Solana, Philippines, result 

from waterlogging caused by heavy rains, drought, 

low seeding rates, and weeds. Insect and disease 
on this early monsoon crop

pressure is minimal 
a DS, during which

because it follows 3-mo 
legumes are not grown. 

However, the low plant populations may be the 

result of heavy insect damage to seed in storage. 

Farmers were surveyed to learn about their stored 

seed pest problems and their knowledge of mung-

bean pests in general. All farmers interviewed grew 

mungbean in wetland and dryland environments, 

About 76% of the farmers grew the traditional 

Arafia variety, which has been cultivated for more 

than 50 yr in Solana. Only 12% planted the 

improved Pagasa variety introduced in 1980; the 

remaining 12% planted either Kusapo or Mirado, 


both traditional varieties. 

seed for came previousThe planting from 

harvests stored in the household (59%) or from the 

local market (4 1%). Farmers purchased seed if they 

recently experienced crop failures or low yields. 

Farmers grew mungbean mainly as a subsistence 

crop, saving some seeds for planting and selling the 

surplus. 
More than 90% of the farmers stored seed in 

quantities ranging from 8 to 13 kg for less than 5 

mo. Seed was stored for short periods because two 

mungbean crops are generally grown each year, 

alternating between th,: wetland and dryland areas. 

Seeds were stored in fertilizer sacks (50%), metal 

biscuit tins (16%), beverage bottles (10%), plastic 

jerry cans (6%), or clay pots, cloth bags, and paper 

cement bags (3%each). One farmer believed that 

the cement odor controlled storage insects, 

Harvesting traditional varieties required up to 
morefive primings (average of three) while the 

was primed onlyevenly maturing Pagasa variety 
of the farmers saved once or twice. About 83% 

the first primingtheir seeds for storage from 

regardless of variety because they said seeds from 

later primings lost viability. Selecting the earliest 

maturing seeds would minimize infestation in the 

field by storage insects (mainly bruchid seed 

weevil). 
Seed was stored in the comer of the liv ng room 

(83%) or on the doorstep in a sack which was us-.d 

Some farmers believed that as a foot mat (13%). 
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frequent stepping On the stored seeds killed the 

insects. 
seeds beforeAll of the farmers dried their 

storage, some up to six times but most (83%) only 

two or three times. Each drying lasted about 5 h in 

the midday sun. Sun-drying would kill insects at all 

life stages in the seed. After storage, only 37% of the 

farmers dried their seeds again once or twice. The 

majority of the farmers believed that this additional 

effort was unnecessary. 
Farmers were consistent with IRRI findings in 

ranking pod borers as their greatest insect pest 

problem (9.9 importance value on a scale of0-10), 

by aphids (8.6), and defoliators (8.5).
followed 
Storage weevils were not highly regarded as pests
 

bugs (4.0). The only other

(4.6), nor were seed 

insect pests mentioned were field crickets (0.3).
 

damping off (Sclerotium rolfsii
Two diseases -
PythiumSacc., Rhizoctonia solani Kuhn, and 


debanyanum Hesse) and powdery mildew (Ery

- were mentioned by less
siphe polygoni D.C.) 
than 7% of the farmers. Rats had an importance 

value of only 1.0. 
When shown color photographs or actual 

specimens, all farmers recognized pod borers; 97%, 
67%, the storage bruchid;aphids and defoliators; 

and 47%, the green stink bug. None of the farmers 

could identify beanfly or flea beetle damage. 

Most farmers interviewed (81%) said they used 
the field.insecticide to control insect pests in 

However, the economics farm record-keeping data 

no farmer applied any insecticide duringshowed 
the past 3 yr (1980-82). This was interpreted to 

mean that the farmers had used insecticide at some 

time in past years, but did not do so as a normal 

practice. 
The most frequently mentioned insecticides, all 

emulsifiable concentrates, were endosulfan (38%), 

methyl-parathion (33%), azinphos methyl (26%), 

and monocrotophos (3%). The farmers indicated 

no other control methods. This absence of indi

genous pest control ttchnology was surprising 

because three Filipino cultural groups (Ilocano, 

Ibanag, and Itawis) have settled in Solana from 

other regions and mungbean is not a new crop. 

Farmers ranked flooding, drought, insects, and 

weeds as the major constraints to high mungbean 

yield. Research has shown that weeds are more 

important than insects in reducing yield. By ranking 



insects ahead of weeds, farmers may not realize the On the 9th and 10th croppings, the degree of 

importance of weeds in reducing yield. But with land preparation and the N rate had little effect on 

such large farms and the high risk of weather- the weed flora at 40 DT. Echinochloa sp. was the 

related crop failure, these farmers probably do not dominant weed regardless of tillage level and N 

have the time or resources to devote to weed rate. N application resulted in a significant increase 

control. in total weed weight at harvest (Table 9). In the 

As population increases, the farm size will fertilized plots, regardless of tillage, herbicide 

decrease and the farm families will be forced to treatments within each N level were. inferior to 

increase their level of management, which will rotary weeding followed by hand weeding. Buta

include weed and insect control measures. chlor, 2,4-D, and thiobencarb - 2,4-D performance 
decreased as the level of applied fertilizer increased. 
However, rice yield from the fertilized herbicide-

WEEDS 
treated plots was not significantly reduced despite

Agronomy Department 
an increase in total weed weight (Table 10). 

The effect of land preparation on weed growthTillage, fertilizer, and weed control in rice cropping 
systems. In 1982, studies on the long-term effects of varied. As reflected in the yield in the unweeded 

plots (Table 10), rice planted from December totillage, fertilizer level, and weed control methods 
on weed growth and crop yield in three cropping April (9th crop) had lower total weed weight than 

systems were continued on the 9th and 10th crops. rice planted from April to July (10th crop). 

Continuous transplantedirrigatedrice. Evalua- Plots treated with 120 and 60 kg N/ha did not 

tions were made for two levels of tillage (minimum differ much in yield. However, both yielded sig
nificantly higher than the unfertilized plot. Yieldtillage consisting of one plowing followed by one 

harrowing I wk later and conventional tillage reduction attributed to weeds was higher in the 
plot than in the unfertilized in bothconsisting of one plowing followed by three har- fertilized 

croppings. Greater yield reduction attributed torowings at weekly intervals) and three N levels (0, 

60, and 120 kg/ha). Six weed control treatments weeds was observed in crop 10 (14-100%) than in
 

were tested within each N level. the 9th crop (13-63%).
 

Table 9. Effect of degree of tillage, N level, and weed control treatment on total weed weight at harvest of the 9th and 

10th crops of TPR. IRRI, 1982 DS.
 
2 )


Weed wt (g/m


Conventional tillageMinimum tillageWeed control method 

120 kg N/ha0 kg N/ha 60 kg N/ha 120 kg N/ha 0 kg N/ha 60 kg N/ha 

9th crop 
20 c 16 b 6 c 27 c 

Rotary weeding fb hand weeding 7 c 7 d 

14 b 60 b 223a 16 b 29 b 235a


2,4-D (0.8 kgai/ha) 
27 b 34 c 105 b 3 d 35 b 127 b 

Thlobencarb (1 kg aiha) - 2,4-D 
(0.5 kg ai/ha) 

3 d 21 b 137 b21 b 22 c 157 abButachlor (1 kg ai/ha) 117 b4 c 23 c 145 ab 6 c 34 b
Butachlor (1kgai/ha) fb 


2,4-0 (0.8 kg ai/ha)
 98a 113a 232 a44 a 146 a 225 aNo woeding 
10th crop 

c9 c 63 c 41 c 13 d 37 b 25 
Rotary weeding fb hand weeding 

19 bcd 59 b 158 
2,4.D (0.8 kgai/ha) 210a 210ab 194 b 

16 cd 13 c 182 
b 
b43 bc 127 b 240 abThlobencarb (1kg ai/ha) - 2,4-D 

(0.5 kg ail/ha) 
46 b 43 c 237 ab 36 abc 17 c 200 b 

Butachlor (1 kg ai/ha) 49 a 17 c 161 b88 ab 65 c 254 abButachlor (1 kg ai/ha) fb 

2,4.D (0.8 kg al/ha)
 

a 467 a 540 a45 bc 505a 442 a 51No weeding 
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The weed control treatments resulted in signifi- kg/ ha. 
The composition of the weed flora was affected

ant yield increases within each N level. In general, 
by tillage method, but not by fertilizer level. 

rields obtained with thiobencarb - 2,4-D, buta-
Monochoria vaginalis, Echinochloa glabrescens, 

hlor, and butachlor fb 2,4-D were comparable to 
and Paspalurnsp. (in order of dominance) domi

hose with rotary weeding followed by one hand 
nated the WFT plots. Fimbrisly/is littoralis, M. 

veeding. Yields were significantly lower with 2,4-D 

han with hand weeding in the fertilized minimum- vagina/is, and Cynodon dactylon dominated the 

PWP plots.
md conventional-tillage plots in the 9th crop 

Butachlor application, either alone or in com
'Table 10). in betterbination with hand weeding, resulted 

One crop ofrainfedtransplantedrice. Plots were 
or weed control in WFT plots than in PWP plots 

kept weed-free with tillage during the DS (WFD 
(Table 11).

were prepared as soon as there was enough water 
In WFT plots, yields were significantly lower 

for puddling (PWP). N levels were 0, 40, and 80 

Table 10. Effect of degree of tillage, N level, and weed control treatment on grain yield of the 9th and 10th crops of 

TPR.8 IRRI, 1982 DS. 

Yield (tlha) 

Convaitional tillage
Minimum tillage

Weed control method 
60 kg N/ha 120 kg N/ha

120 kg N/ha 0 kg N/ha
0 kg N/he 60 kg N/ha 

9th crop 
3.5 ab 4.3 a a 2.3 abc 

Rotary weeding fb hand weeding 3.0 a 3.5 a 4.1 
c 3.0 b 1. b

2.7 c 1B2.3a 2.7 b 4.2 a2,4-D(0.8kq ai/ha) 2.1 bc 3. a
3.5 a 4.1 a 

- 2,4-D 2.6 a
Thiobenre;b (1 kg al/ha) 

(0.5 kg ai/ha) b 2.7 ab 38a 4.1 a
3.42.7 a 3.7 a 

Butachlor (1 kg ai/ha) 2.8a 3.7 a 3B a
4.2 a2.6 a 3.6 a 

Butachlor (1 kg el/ha) fb 

2,4-D (0.8 kg al/ha) 2.0 c 1.3 c 1. b
 

1.7 b 1.5 c 2.2 c 
No weeding 10th crop 

2.0 ab 3.3a 3.0 a 
a 3.1 a 3.6 a 

Rotary weeding fb hand weeding 2.1 3.1 a
3.6 a 2.1 ab 2.9 a 

1.8 a 2.8 a 
2,4-D (0.8 kg al/ha) 2.1 ab 28 a 4.0 a3.1 ab - 2.3 a 3.1 a
Thiobencarb (1 kg al/ha) 


2,4-D (0.5 kg al/ha) 2Aab 3.2a 3.6a
 
1.8 a 3.1 a 3.1 ab 

Butachlor (1 kg al/ha) b 2.6 a 2.6 a 3.6 a 
2Aa 2.6 a 

Butahclor (1 kg ai/ha) fb 2.8 

2,4-D (0.8 kg al/ha) 
b 0 c 1.7 b 0 b 0 b 

1.8 a 0
No weeding 

: levels.aLSD = 0.6 (5%) for two 
8 IRRI, 1982 WS. 

Table 11. Effect of land preparation time and weed control method on weed weight and TPR yield.

PWPC 

: plots pre-

Weed control method 
Time 

of 

application 

(DT) 

WFTb 

Weed wt 

(g/m2 ) 

Yield 
(t/ha) 

Weed wt 
(g/m2 ) 

Yield 
(t/ha) 

1HW 
Butachlor (2 kg al/ha) fb 1 HW 

1 HW fb 2,4-D (0.8 kg ai/ha) 

Butachlor (2 kgai/ha) 
One rotary weeding 
No weeding 

21 
1 fb 35 

14 fb 35 
1 

21 
_ 

5 c 
14 b 
43 a 
16 bc 
26 ab 
42 a 

2.4 b 
3.0 a 
2.4a 
2.7 ab 
2.4 b 
2.7 ab 

34 b 
65 a 

149 a 
81 a 
98 a 

137 a 

2.5 b 
3.3 a 
2.1 bc 
2.7 b 
1.7 cd 
1.6 d 

plots keptweed-free with tillage during the DS. cPWP 
8Av of three replications and three N levels. bWFT 

pared as soon as there was enough water for puddling. 
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with hand weeding alone or followed by 2,4-D and 	 sequentially applied, butachlor controlled weeds as 

rotary weeding than with butachlor application 	 effectively as two hand weedings. 

followed by hand weeding. This was attributed to Weed control treatment significantly affected 

some mechanical damage combined with difficulty 	 dry-seeded rice yield (Table 13). The plots with 

in removing weeds because of limited soil moisture. 	 butachlor follawed by hand weeding had yields 

comparable to the yields of the twice-weeded plots.
In the other land preparation method, herbicide 

Plots where butachlor was applied alone had no
application and hand weeding resulted in signifi-

cant yield increases over the no-weeding check. 	 yields except in the unfertilized plot tilled during 

the DS. In WFT plots, those treated with butachlor
The weed weights did not differ significantly. The 

or
damaged crop in the rotary-weeded plots yielded 	 combined with propanil, either tank mixed 

sequentially applied, had yields not significantly
similarly to the no-weeding check (Table Ii). 

different from those of the twice-weeded plots. InDry-seeded rainfed bunded rice followed by 
the OMR plots, hose treated with butachlortransplanted rice. Land preparation consisted of 
yielded lower than the twice-weeded plots.WFT or preparing the land after the onset of the 

E. colona,E.glabrescens, and Echinochloa crus
monsoon rains (OMR). The three N levels used in 

both crops were 0, 60, and 120 kg/ha. Six weed ga/li ssp. hispidula were the major weeds in 

control treatments were tested at each N level, transplanted rice and were not affected by N level 

or tillage method for the previous seeded rice.Melochia concatenata and Echinochloa colona 

were the major weeds. The time of land preparation However, in the WFI plots, weed weights appeared 

higher for E. .olona and lower for E. crus-galli at
and N level had little effect on the weed flora at 45 

lower N rates. Total weed weight was higher whenDE. 

120 kg N/ha was applied.
The N rate did not significantly affect the weight 

Total weed weight was not significantly affected
of weeds growing in association with rice 45 DE in 

the unweeded WFT and OMR plots. In general, by the fertilizer level, except in the butachlor-

OMR plots had a higher total weed weight than 	 treated plot. Weed control was better when buta

chlor or 2,4-D was followed by one hand weeding.WET plots. 
Transplanted rice yield was low because of low

Significant effects attributed to applied N were 
rainfall late in the season. Significant yield reduc

observed in some herbicide-treated plots. Butachlor 
to control weeds in tion attributed to weeds was observed in OMR

when applied alone failed 
fertilized plots, but controlled weeds effectively in plots, but not in WET plots (except in the unfer

tilized plot). In general, plots treated with butachlorthe unfertilized ones (Table 12). When followed by 

hand weeding or propanil, either tank-mixed or and 2,4-D followed by one hand weeding had 

affected by tillage and weed control treatment. IRRI, 1981Table 12. Weed weight 45 DE in rainfed, bunded DSR as 

WS. 

Weed wt (g/m2 ) 

WFT a 	 OMRb
Weed control method 

60 kg N/ha 120 kg N/ha0Ikg N/ha 60 kg N/ha 120 kg N/ha 0 kg N/ha 

c 7 c 24 d 28 c 21 c 
2HW14&35DE 13 d 13 

525 a 205 b 326a 494 a
Butachlor (2 kg ai/ha) PE 118 b 427 a 

c 32 cd 38 b 28 d 25Butachloi (2 kgai/ha) PE 16 d 15 

fb 1HW, 30 DE
 

50 b 42 cd 62 c 102 b
Butachlor (2 kg ai/ha) 4pro- 21 d 82 b 


panil (3 kg ai/ha), 7 DE
 
40 b 78 c 112 b 134 b

Butachlor (2 kgai/ha) PE fb 54 c 96 b 

propanil (3 kg al/ho),
 
7 DE
 

531 a 626 a 725 a 
No weeding 332 a 560 a 580 a 

= 8WFT = plots kept weed-free with tillage during the DS. bOMR land prepared after the onset of monsoon rains. 
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rainfed, WS bunded IR36 as affected by tillgs, N level, and weed control treatment. 
Yield of dry-seededTable 13. 

IRRI, 1982 WS. 

WFT8Weed control method 

0 kg N/ha 60 kg N/ha 

3.9 a 4.1a 
2 HW 14 & 35 DE 

dPE 1.6 c 0
Butrchlor (2 kg ai/h) 

3.4 b 3.5 c 
Butachlor (2 kg ai/ha) PE fb 


1 HN. 30 DE
 
3.3 b 3.6 bc

Butachllor (2 kg el/ha) + propanil 
7 DE 

3B ob 329ab
kg(3al/ha) , 

Buichor (2 kg aI/ha) PE lb 
propanil (3 kg al/ha), 7 DE 

0 d 0 d
No weeding 

plots kept weed-free with tillage during DS.bOMR
aWFT -

Table 14. Effect of weed conol method on weed weight 
IR36.

and yield of dry-seedod rainfed bunded
50 DE 

IRRI, 1981 WS. 


Yield
Weed wt
(g/m (t/ha)Weed control method 2 ) 

_ 0.0_b_1.5a97 c
No__weeding_(check)_614a b1HW(21DE) 614 aNo weeding (chek) 	 0.0 

d 1.5 a
HW(14 and 35 DE) 38 

OA b362 abButachlor + propanil
Pendimethahin fb 2,4-D 284 b 0.3 b 

similar yields to plots weeded twice, 
Dry-seeded rainfed bunded rice - transplanted 

rice. Five weed control methods were tested in the 

1981 WS: 
* one hand weeding (I HW), 21 DE; 

* two hand weedings (2 HW), 14 and 35 DE; 
1.5 kg ai/ha* butachlor + propanil (1.5 kg + 


tank-mixed, applied 7-10 DE); 

* pendimethalin fb 2,4-D (2.0 kg PE fb 0.5 kg 

18-20 DE); and 
* unweeded check. 

In dry-seeded rice (DSR), twenty 5- X 8-m plots 

laid out in a randomized complete block design 

with four replications were used. In transplanted 

rice (TPR), the same plots were halved - one half 

was left unweeded or untreated; the other was 

treated with the same weed control methods used 

in the DSR. Land preparation (one plowing+ two 

harrowings) and fertilizer application 100-18-33 kg 

(N, 	P,K)/ ha were the same for both crops. 

The four major weed species in DSR and their 

dominance varied with weed control method used. 
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Yield (t/ha) 

OMRb 

120 kg N/ha 0 kg N/ha 60 kg N/ha 120 kg N/ha 

4D04.2 ab 3.2a 3.5 a 
0 c

0 c 0 d 0 c 
3.8a3.9 b 3.2a 3.5a 

1.5 b4.1 ab 1.7 b 1.6 b 

1.6 1.54.3 a 1A c b b 

0 d 0 . 0 c0 c 

land prepared after the onset of monsoon rains. 

E.colona dominated all plots except the pendi
inurecolona was2,4-D plots. Emethalin fb 

dominant in the hand-weeded plots than in the 
plots. Rotboellia or herbicide-treatedunweeded 

exaltata dominated in the herbicide-treatel plots 

and the unweeded check. Cyperus roundus pre

dominated in the pendimethalin fb 2,4-D and 2 

HW plots. There were more weed species in the 

hand-weeded plots. 
Two hand weedings significantly reduced weed 

weight at 50 DE compared with the other treat

ments. Pendimethalin fb 2,4-D controlled weeds 

better than butachlor + propanil (Table 14). Rice 

yields were significantly higher in the hand-weeded 

plots. 
When no weed control was done in the TPR, 

Ludwigia octovalvis dominated the plots that were 
or treated with butachlor +either left unweeded 

propanil. It was the least important weed in the 

DSR. In both crops, E. colona was the second 

most dominant in the unweeded plots, but the most 

dominant in the previously hand-weeded plots. F. 

littoralisdominated only in plots previously treated 

with pendimethalin fb 2,4-D. Lindernia sp. tended 

to increase in plots previously treated with buta

chlor + propanil (Table 15). 
When the same weed control as that in the 

preceding crop was used in the TPR, E.colona still 

dominated in the hand-weeded plots. Cyperus 

difformis infestation was high in pendimethalin fb 

2,4-D plots whereas, Linderniasp. dominated in 2 

HW and butachlor +propanil plots. 
At 50 DT, plots given the same treatments as in 



Table 15. importance value of weed species composing the weed flora in TPR 50 DT as affacted by weed control meth

ods in the preceding rainfed, bunded DSR and weed control method In TPR. IRRI, 1991 late WS. 

Importance value (%) when preceding crop received 

Weed species 

No weeding in trnaplented rice 
Ludwigia octovelvis 
Echlnochloa colona 
Flmbrlstylislittoralls 
Echlnochloa glabrescens 
Llndernia sp. 
Othersf 

Weed control in 
previous dry-seeded rice 

No weeding 
1HW(21 DE) 
2 HW (14 and 35 DE) 
Butachlor +propanil 
Pendimethalin fb2,4-D 

No weeding 
1 HW (21 DE) 
2 HW (14 and 35 DE) 
Butachlor + propanll 
Pendimethalin fb 2,4-D 

8Separation of means in 

No weeding 1 HW 

(check) 

29.5 
24.6 
12.6 

3.7 
1.5 

28.1 (12) 

17 

Weed control same as in preceding crop 

Ludwigla octovalvls 

Echlnochloa colona 

Fimbristylisfittoralls 
Eclpto alba 
Cyperus difformls 
Llnderniasp. 
Others 

29.5 
24.6 
12.6 
5.7 
3.3 
1.6 

22.7 (11) 

17 

(21 DE) 

10.0 
27.7 
16.0 
20.2 

2.0 
23.9 (11) 

16 

18.4 
27.7 
17.7 

1. 
0.3 

13.5 
20.6 (7) 

13 

2 HW ButachIor + Pendimethalln 

(14 & 35 DE) 

15.5 
42.0 
13.6 
8A 
0 

20.5 (12) 

Total no. of spec/es 
16 

15.5 
25.3 

72 

3.9 
0 

32.3 
15.8 (8) 

Total no. ofspcies 
13 

propenil ib 2,4-D 

18.422.5 
12.9 10.4 
9.2 26.7 

3.816.1 
7.615.0 

24.3 (12) 33.1 (10) 

17 15 

0.3 4.3 
5.314.2 

3.6 9.6 
6.117.5 

9.5 29.2 
16.334.0 

21.1 (6) 29.2 (9) 

1512 

aValues in parentheses are the number of species composing less than 10% of the weed flora. 

as effected by weed control in the previous dry. 
Tab!la 13, Weed weight 50 DT and yield of rainfed transplanted IR50 

seeded crop and weed control method in transplanted rice. IRRI, 1981 late WS. 

No weed control in 
transplanted rice8 

156 
162 a 
211 a 
150 e 
114 a 

0.1 
0.3a 
0.5 b 
0.2 b 
0.4 a 

Same weed control a9 In 
dry-seaded rices 

wt (glmWeed 
2 ) 

156 
68 a 
26 b 
54 a 
47 b 

Yield (tha) 
0.1 
0.Aa 
1.08 
08a 
0.8 a 

Mean t 

156 a 
115 ab 
118 bc 
102 bc 

81 c 

0.1 b 
0.3 eb 
08 a 
0.5 ab 
0.6 ab 

a row by Duncan's Multiple Range Test at the 5% level. bSeperation of means in a column by 

Duncan's Multiple Range Test at the 5% ievel. 

DSR had significantly lower weed weights than the 

unweeded plots. Pendimethalin fb 2,4-D suppressed 

weeds in TPR better than butachlor + propanil 
but it did not result in aand hand weeding, 

significant yield inci ease. Genierally, yields in treated 

plots were significantly higher. Only 2 HWs resulted 

in a significantly higher yield than the unweeded 

check (Table 16). 

Major weeds in the DSR such as R. exaltala, C. 

rotundus,and Cleome ruidospermawere the least 

important weeds in TPR. The least important 

weeds in DSR such as L. octovalvis, F.litoralis, 

Eclipta alba, C. difformis, and Lindernia sp. 

became the major weeds in TPR. The v,eed control 

method affected their dominance. E. colona was 

the only weed that predominated in both crops and 
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Table 17. Effect of weeding regime on the relative dry weight of two major weed species, total dry weed weight, and 

yield of dryland rico grown in rotation with mungbean. IRRI, 1962. 

Relative dry wt (%) Total dry weed wt 
(g/m 2 ) Dryland rice

2 WE 
(yield (t/ha)

Regime 
Rottboellla Cyperus 2 WE 11 WE 

exalteta rotundus 

Weedy fallow 
Weed free 

26 
38 

63 
53 

1HW 
2 HW 
Pendimthalir, b 2,4-D 

14 
17 
-

70 
67 
91 

Weedy fallow 
Weed freea 

1 HW 
2 HW 
Pendimethelin fb 2,4-D 

93 
30 
74 
41 
-

7 
58 
24 
46 
99 

Weedy fellow 
Weed frees 

82 
4 

17 
82 

1 HW 
2 HW 
Pend;methalin Ib 2,4-D 

45 
9 

27 

50 
81 
67 

aThree hand wedings In rice, two hend weedings in mungbean. 

became a major component of the weed flora in the 
hand-weeded plots. However, it was suppressed by 
herbicide application. 

The shift in weed dominance in the DSR - TPR 

cropping sequence was greatly influenced by the 

weed control method, puddling, and moisture 

condition after planting and throughout crop 
growth. 

Rice-based cropping systems. Continuoususe of 

same weed controipractice.During the 1980 WS at 

IRRI, a study was initiated to determine the effeca 
of the same weed controlof the continuous use 

practice on the weed population in a dryland rice 
mungbean pattern. Five weeding treatments (Table 
17) were maintained in each plot until the 1982-83 
cropping season. 

The weed flora changed. In dryland rice, the 

annual grass R. exaltata dominated the weedy 
fallow plot during the second and third years 

(Table 17). When the plot was kept weed free by 
three hand weedings in rice and two hand weedings 
in mungbean, the R. exaliata population was 

almost eliminated during the third year. However, 
C. rotundus, Ipomoea triloba, Eleusine indica, 

Dactyloctenium aegyptium, and some broadleaf 
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1980 
95 508
 

165 
 7 2A 
1.6
113 214 

0.
162 45 

50 220 0.7 

1981 
312 1252 

60 4 0.2 
163 	 344 02 
93 38 0 

100 221 0.1 

1982 
28 1135 

5 17 1.8 
16 755 0
 

7 346 0 
18 950 0 

weeds took over, although their total weight was 
kept low by the hand weedings. 

Two hand weedings redr-,ed the proportion of 
R. exaltata more than one hand weeding The 

change in the weed flora in the twice-hand weeded 
plots was similar to that in the weed-free plot. 

Continuous herbicide application resulted in C. 
rotundus build-up. However, in 1982, R. exaltata 

made up 27% of the weed flora later in the season 

because pendimethalin failed to completely control 
the weed because of dry soil condition. 

Severe drought in 1981 caused extremely low 
rice yields. In 1982, occasional moisture stress and 

tremendous weed growth reduced yield to zero in 

all but one treatment. 
Tillage and weeding requirement of maize and 

mungbean after dryland rice. The importance of 

the degree of weeding in the rice crop and tillage 

method for t,.i establishment of maize and mung
bean after rice was studied. The conventional 
tillage plot had significantly fewer weeds than the 

zero-tillage plot. Without weeding, conventionally 
tilled plots that were adequately weeded previously 
had significantly fewer weeds. No residual effect of 

the previous weeding regimes was observed in the 



Table 18. Effect of previous weeding treatment and tillage method on maize and mungbean yield planted after dryland 

rice. IRRI, 1980 late WS. 

Yield (t/ha) when previous rice crop received 

Conventional tillageWeeding treatment Zero tillage 
in rice crop 

Unweeded Difference
Weeded Unweeded Difference Weeded 

Maize 
0.2ns 1.3a 1.1 b 02 ns 

1.3 b 1.1a 0.5"*1HW 
1A b 	 0 .3 n 1.5a 1.0 b

1.1 a2 HW 1.5 a 1.4a 0.1 n ' 
1.7 a 1.2 a 0**No weeding 	 Mfungbean 

* 	 0 .2ns1.7 aOAa 0.7 ° 1.5 b
1.1a OA ns1HW 	

0.7 a 0.8* 1.8 a 1Aa 
2 HW 1.3 a 	 0A b 0.3"'0.2 ns 0.7 c 

No weeding 
 0.6 b 0Aa 

Table 19. Effect of DS cultural practices and degree of tillage on weed growth and dryland rice yield. IRRI, 1982. 

Weed count Wed wt 
at 14 DE at 14 DEDry.season 

cultural practice (no./m 2 ) (g/m 2 ) 

380 c 56 bMaize 
420 c 84 abMungbean 

155 aFallow with paraquet (0.75 kg ai/ha) 	 512 a 
522 b 121 aWeedy fallow 

OAv of three replications and six weed control treatments. 

zero-tillage plot. 
noIn general, maize planted after rice needed 

weeding for optimum yield and mungban planted 
needed no weedingin conventionally tilled plot 

preceding rice crop was adequatelywhen the 
weeded (Table 18). The zero-tillage mungbean plot 

required weeding for optimum crop yield. When 

planted in a previously unweeded plot, the mung-
wasbean stand and growth were poor and yield 

ve y low. 
Dryland rice. Dry-seasonmanagementpractices, 

tillage, and weed control. The response of weeds 

and dryland rice yield to cultural management 

practices during the preceding DS was examined 
the IRRI dryland farm.during the 1982 WS at 


During the DS, the plots were planted to maize, 


planted to mungbean, left fallow with weed control 


(paraquat at 0.75 kg ai/ ha), or left fallow without 


weed control. Two tillage levels and six weed 


on the dryland rice
control treatments were used 


crops following the four cultural practices. 

were C. rotundus,
The dominant weed species 

R. exaltata, E. indica,and Digitariasp. 

Rice yields (t/ha) 

Weeding time One plowing fb(man-h/ha) One powing fb 
one rotovation three rotovations 

1.8e 
1037a 1.1 eb 1.4 b 

1381 a 0.7 bc 1.0 c 
1244 a 0.4 c 1.0 c 

1104 e 1.4e 

Plots planted to maize or mungbean during the 

previous DS had a significantly lower weed density 

and biomass at 14 DE than the fallow plots (Table 

19). Tillage treatments for rice after each cultural 

practice had no significant effect on weed growth. 

were better in plots rotovatedHowever, yields 
three times than in those rotovated once. 

With adequate weed control for the rice crop, 

the average yields from plots previously planted to 

maize or mungbean were generaily higher than 

those from the fallow plots, indicating that DS 

cropping is beneficial to the succeeding WS dryland 

rice crop. 
Time and degree of both landpreparationand 

weed control.At the IRRI farm, the effect of time 

and degree of both land preparation and weed 

control on weed population and dryland rice yield 

was investigated. 
DS plowing commenced after the harvest of the 

last crop. WS land preparation was done 1 DBS. 

All plots were rotovated opce I DBS. Five weed 

control treatments (subplot) were applied on each 

of the main plots. 

CROPPING SYSTEMS PROGRAM 393 



The relative abundance of the weed species was 

affected by the time and degree of land preparation. 

Dry-soil plowing followed by three rototillings 
one at I DBS - reduced thetwo dryland and 

but enhanced theproportion of C. rotundus 
onegrowth of I. triloba (Table 20). With only 

rototilling I DBS following dryland plowing, the 

proportional change of the two species was mini-

mal. Surprisingly, the Digitaria sp. population was 
treatment.substantially reduced by this tillage 

Increasing the rotovations from one to three in the 

WS did not alter the balance between the major 

weed species. 
Staggered intensive rototilling from DS to WS 

resulted in heavier weed growth 2 WE than 

rototilling at one time regardles3 of the intensity, 

However, average yield across weeding treatments 

due to staggered rotovations was better than that 

of the other tillage treatments. All herbicide treat-

ments yielded significantly mc re than the untreated 

check. 
Mungbean. Several treatments involving herbi-

cides such as PPG-844, pendimethalin, and ben-

tazon, applied either alone or in combination using 

two rates, were tested for weed control in mung-

bean atthe IRRI dryland area. Interrowcultivation 

followed by hand weeding and hand-weeded and 

untreated checks were also included. 

The area was initially infested with R. exaltata. 

Major weeds appearing later were C. rotundus, 

Commelina diffusa, and C. benghalensis. 
Both PPG-844 and pendimethalin were slightly 

toxic to mungbean, but the crop recovered. PPG-

844 applied PE at 2.0 kg ai/ha adequately con-

trolled weeds, except C. rotundus; the yields were 

of land preparationTable 20. Effect of time and degree 

weed species and on the total dry weed weight 2 WE. IRRI, 1982. 

One dryland plowing fb one 
rotovation 1 DBS 

One plowing + one rotovation 
1 DBS 

One dryland plowing fb two dry-
land rotovations fb one 
rotovation 1 DBS 

One plowing + three rotovations 
1 DBS 

Cyperus rotundus 

42 

53 

2 

57 
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similar to that of the hand-weeded check (Table 

21). At a reduced rate (1.0 kg ai/ha), PPG-844 

followed by bentazon was not effective against R. 

exaitata and resulted in lower yields. 
1.0 and 1.5 kg ai/haPendimethalin at both 

controlled R. exaltata effectively, but yields were 

low because of later infestation of broadleaf weeds 

(Commelina sp.). A significant yield increase was 
kg ai/ ha) folobtained with pendimethalin (1.0 

lowed by bentazon at 1.0 kg ai/ ha. 

Interrow cultivation followed by hand weeding 

resulted in significantly lower yield than the hand

weeded check because the late weeding (33 DE) 

damaged the mungbean plants. 

The results suggest that in a diverse weed 

situation, effective weed control can be achieved 

with the proper herbicide and other weed control 

combinations applied at the right mungbean growth 

stage. 
In the Solana, Cagayan trials, C. rotundus and 

E. colona were the predominant weed species in the 

rainfed wetland experimental fields. 

In one experiment, there were no significant 

differences in mungbean yield among the different 

we ed control treatments although there were dif

ferences in weed weights. This could be due to 

moisture stress that hit the crop during the vegeta

tive stage. Dry weed weights at 30 and 75 DE 

indicated that hoe weeding at 14 DE followed by 

spot weeding 2 d late: provided inadequate weed 

control. Hand weiding at 10 and 25 DE gave the 

lowest dry weights at 30 and 75 DE which the grain 

yield did not reflect. Butachlor applied at 1.5 kg 

ai/ha I DE with or without a follow-up hand 

weeding, and two hand weedings at 75 DE provided 

in dryland rice on the relative dry weight of the three major 

Total dry weedRelative dry wt (%) 

Digiteria sp. 

14 

41 

37 

31 

ipomoea trilobe 

9 

2 

21 

2 

wt (g/m 2 ) 

28 b 

33 b 

53 a 

25 b 



Table 21. Effect of different wed control treatmants on weed density, weed dry mstter, and mun.....yield. IRRI, 192 WS. 

Weeds present
b (at flowering stage of grosses) 

Yieldb
SedgesGrassesTime of Broadleaf weeds k/a 
Treatmenti application -

Wt Density Wt 
Dry matter Densit (g/m2 )Density ) (g/m 2 ) (noJm2) (g/m 2 ) (noJmz )

(n./M2

82 d 1277a5 c 416acd 16 bc
10+20ODE 61a 14 206abc 1158a2 HW (check) D cd 15 c 405b 

PE 1 d 0 d 78 d 617 b
ppG844(2kgai/ha) 21 bc 65 bc 352 bc 

PE fb 10 DE 67 a 18 c 
Pendimethalin ( kg ai/ha) fb 

378 c
118bc
bentazon (1 kg al/he) 15 c 11 c 274eb29 bc
10fb33 DE 45a 360 cd
IRC fb hand weeding 27 c 524 a 378 a3 d
181 aPE 56 8 174 b 320 ode
Pend-methalin (1 kg al/ho) d 22 c 371 ab

91 a 60oab 3 
Pendimethlin ( kgailha) fb PE fb 10 DE 

cde21ab 282bentazon 0.75 kg ai/ha 6 C 521a119 ab 2 d 
/ha) PE 75 a 383 ab 105 cd 160 def

Pendimthalin 111.5 kg 
9 c d 44 ab 318 ab 

PE fb 10 DE
PPG-844 (1 kg lha) fb 
5 

d 132 at
bentazon (0.75 kg ail/ha) d 31 c 380ab 249ab 71 

0 PPG444 (1 kg iha) fb bentezon PE fb 10 DE 7 cd 2 17b 7 
(Ikg Wiho) 0 fV - b 72 d 

b 10 cd 167a 778a 187
Untreated check - 21" ahc 

wre the
-Unr 

z 
interrow cultivation using hand hoe. bAv of three replications.cCommdlin benghatlensis, RotboelfiI exttate.and Cyperus rotundlt 

0 IRC 

dominant broadleaf .-eed, grass, and sedge, respectively. 

-l 
M
 

W0 



comparable weed control. 
In another experiment, three seeding rates and 

four weed control treatments were compared at 

two spacings. At tlie 50-cm spacing, interrow 

cultivation (using animal-dfiven plow) followed by 

hand weeding was used while at the 30-cm spacing, 

butachlor at 1.5 kg ai/ha was applied because at 

closer spacings serious crop damage results from 

interrow cultivation. 
Weed weights at 45 DE in the unweeded plots 

did not differ significantly among the three seeding 

rates (15, 20, and 25 kg/ha) at both the 30- and 

50-cm spacings (Table 22). At the 30-cm spacing 

with no weeding, the yield at the 25-kg/ ha seeding 

rate was significantly higher than the yields at the 

other seeding rates. Dissimilar results were ob-

tained at the 50-cm spacing. This indicates that 

mungbean is more competitive with weeds at 

higher seeding rates and at closer row spacings. 

Significant differences in yieids between the 

weeded and unweeded treatments at all seeding 

rates suggest that, at the 30-cm spacing and 25-

kg/ ha seeding rate, weeding is still necessary to 

avoid appreciable yield loss. 
Butachlor(I.5 kgai/ ha) application at I DEand 

interrow cultivation with an ordinary plow a- 14 

DE followed by hand weeding at 16 DE did not 

consistently give good results. One hand weeding 

14 DE generally provided the weed control neces

sary for optimum mungbean yield. 
Herbicide screening in dryland crops. The effects 

of different PE herbicides on weed control and 

yield of some dryland crops were evaluated during 

the WS. 
The major weeds were R. exaltata, Digitaria sp., 

E. colona, Celosia argentea, and C. benghalensis. 
All herbicides adequately controlled Digitaria 

sp. and E. colona (Table 23). However, only 

fuazifop - butyl and PPG-844 provided acceptable 

R. exalata control. Sethoxydim, thiobencarb, and 

butachlor were ineffective against this weed, which 

became dominant later. Consequently, yields ofall 

crops treated with fluazifop - butyl and PPG-844 

were significantly higher than yields of those 

treated with sethoxydim, thiobencarb, and buta

chlor. 
The tremendous population build-up of R. 

exaltatain plots treated with sethoxydim, thioben

carb, and butachlor resulted in zero rice yield and 

very low mungbean and soybean yields. 
Except where fluazifop - butyl was applied at 7 

DE, yields of the leafy and more competitive 

mungbean treated with fluazipop - butyl at 14 DE 

and PPG-844at PE were similar to the yield ofthe 

aeected by weed control practice and seeding rate at two L.,acingL
Table 22. Dry weed weight and mungbedn yield as 
Solana, Cagayan, Philippines, 1982. 

Seeaing rate, weed 
control practice 

15 kg/ha 
Weedy check 
I HW 
2HW 
Butachlor, 1.5 kg ai/ha 
Interrow cultivation fb 1 HW 

20 iAg1ha 
Weedy check 
1HW 
2 HW 
Butachlor, 1.5 kg ai/ha 
Interrow cultivation fb 1 HW 

25 kgiha 
Weedy check 
1 HW 
2HW 
Butachlor, 1.5 kg al/ha 
Interrow cultivation fb 1 HW 

Time ofapplication 
(DE) 

Dry weed wt 
(g/m2 ) 45 DE 

30 cm 50 cm 30 cm 

Yield 
(t/ha) 

50 cm 

- 115ab 93a 1.1 d 1.0 c 

14 
10and25 
1 

14 fb 16 

77 b 
59 b 

180 a 
-

66a 
80a 

-
83a 

1A 
1A 
1.3 

-

c 
c 
c 

1.1 b 
1.3a 

-
1.1 b 

- 117 a 144 a 1.1 d 0.9 c 

14 
10and25 

1 

87ab 
47 b 

134 a 

116ab 
53 b 

-

1.2 
1.3 
1.3 

cd 
c 
c 

1.2 b 
1.2 b 

-

14 fb 16 - 96 b - 1.0 c 

107a 116a 1.3 c 1.0 C 

14 
10and25 

1 

109 a 
43 b 

169 a 

66 a 
43 b 
-

1.6 ab 
1.a 
1.5 bc 

1.3 ab 
1.5a 

-

14 fb 16 - 63 ab - 1.1 bc 
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hand-weeded check. The herbicide-treated rice 

plots, which were reinfested with broadleaf weeds, 
than the hand-weededyielded about 62% less 

check. 
PPG-844 had a temporarily toxic effect on all 

crops. Sethoxydim was very toxic to rice. 

Weed ecology and biology. Flooding tolerance 
of two ecotypes of Cyperus rotundus. Three 
greenhouse trials were conducted to determine the 

effects ofdifferent depths and times of submergence 
on growth and development of two C. rotundus 

ecotypes.
 
The first trial, in June and July 1980 used a 

ecosplit-plot design, with dryland and wetland 
types in the main plots and different flooding times 

7, and 14 DE) and flooding depths (2,4, and 6 

cm) in the subplots. Each treatment was replicated 

four times. Five tubers were planted in 6-liter 

plastic buckets two-thirds full of ground and sieved 
loam soil. Plants were measuredMaahas clay 

weekly and harvested at 4 WE. 

randomized complete block design exper

iments (trials 2 and 3) were conducted from 

November 1981 to February 1982. For trial 2, 

tubers of dryland ecotypes were collected from the 
IRRI experimental farm and tubers of wetland 
ecotypes from Pasig, Manila. For trial 3, tubers of 

both ecotypes were collected from Pasig. 
The tubers were flooded at 0, 7, 14, 21, and 28 

DE. A constant depth of 4 cm was maintained in 

both experiments. Treatments were replicated six 

and four times, respectively. Five tubLs were 

in each bucket. 
In both trials, weekly plant heights were measured 

for 2 mo. At 8 WE, the plants were harvested. Dry 
eemaue

weights of shoots, roots, and tuberswere measured 
-and total number of shoots, offshoots, and tubers 

produced by parent tubers were counted. 
Under submerged conditions, a marked differ

ence existed between the wetland and dryland 

ecotypes. Established wetland ecotype plants pro

duced taller shoots (Table 24) and accumulated 

higher dry matter in all their parts than established 
drylandecotypes (Fig. 3 ). However, tubers of bothdryan 
ecotypes could not produce shoots once they were 

submerged. early submergence reduced growth of 

dryland ecotypes, it favored growth of the wetland 

ecotypes (Table 24). When submergence was de-
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layed or deleted, vegetative and reproductive growth 

of the wetland ecotype plants were restricted. 
Furthermore, submergence within 2WE favored 

the growth and development of the wetland eco-

types; submergence 4-7 WE had little or no effect 

on the growth of the dryland ecotypes. 
Differential competitive ability of Echinochloa 

colonaecotypesandricecultivars. Two greenhouse 
determine theexperiments were conducted to 

ecotypic differentiation of E.colona in competition 

Dryland eco~tpe 

2.0 

1.6- r . Total dry wt (g/plart)-

Shoot dry wt (g/plant) 

Tuber dry wt (g/pant) 

1.2 Root dry wi (/plant) 

0.8

044 

0 

0 7 14 21 28Well- Satu-
drained rated 

with rice. Pangasinan (PA), Leyte (LE), and South 

Cotabato (SC) ecotypes were planted with rice 

(C171-136) at four weed:rice density combinations 
of 0:6, 2:4, 4:2, and 6:0. 

The competitiveness of rice and E colona was 

expressed by their relative crowding coefficients 

computed at each density combination with respect 

to rice (Kwr) or E. colona (Krw). 
As the competition between rice and E. colona 

ecotypes continued, Krw decreased with corre

We//ond ecolype 

i I 

0 7 14 21 28-WolI-d Stu-
raned rate 

Flooded (DE) 

3. Effect of time of flooding on root, tuber, shoot, and total dry weight of two ecotypes of Cyperusrofundiu. IRRI, 1982. 

Table 24. Effect of time of flooding on plant height of two ecotypes of Cyperus rotundus at8 WE. IRRI, 1982. 

Treatment 


Well-drained 

Saturated 
Flooded, 7 DE 
Flooded, 14 DE 
Flooded, 21 DE 
Flooded, 2q DE 

Mean 

Plant hts (cm) 

Trial 2 Trial 3 

Dryland Wetland Difference Dryland Wetland Difference 

18a 
20a 
18e 
25a 
24 a 
27a 

35 c 
34 c 
85a 
85a 
72 ab 
67 a 

-170 
-14n$  

-67"* 
-.6e 
-48"* 
-40"* 

23 ab 
23 ab 
13 b 
24a 
33 a 
27 a 

39 c 

36 c 
70 ab 
72a 
69 ab 

60 b 

-150* 

-13" 
-57"* 
-48"" 
-36"* 

-33" 

22 63 24 58 

8Av of four replications. 
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On the other hand, higher Kwr values were
sponding increases in Kwr (Table 25). This indi-

SC at 60 DAS. An E. colonaobtained withcated that the competitive ability of rice decreased 
ecotype, which completes its life cycle within a 

as the competitive ability of E. colona increased. 
short period was more competitive at the early

However, the competitiveness of each ecotype 
longer vegetative

against rice varied depending on growth stage. growth stage than one with a 
growth period, and vice versa.

Although the Kwr of PA was greater than 1at all 
To evaluate the competitiveness of rice cultivars 

sampling times, the Kwr values of SC and LE 
35 DAS, on E.colona, Binato and IR52 were sown with E. 

became greater than I at 30 and 
colonaecotype IG (with a green seed coat found at 

respectively. 

Table 25. Relative crowding coefficient in interspe.if Ic competition between rico cultivarF and Echlnochloo colone eco

types 1540 DAS, IRRI, 1982. 
KwrbKrwa 

_ __ _ _ _ _ __Rice: weed 
60 DAS

density combination 15 DAS 30 DAS 45 DAS 60 DAS 15 DAS 30 DAS 45 DAS 

Weed ecotypesc 
Pangasinan
 

088 0182 0.60 1.04 1.14 1.22 1.68
0.964:2 	 1.36 1.40 1.800.56 1.04

2:4 0.96 0.74 0.72 

Leyte 
1.11 1.04 0.66 0.67 0.90 0.96 1.50 1.48 

4:2 	 1.730.58 0.93 0.83 1.62 
2:4 	 1.08 1.20 0.62 

South Cotabato 
4:2 	 1.21 0.7 0.56 0.36 0.83 1.15 1.0 2.74 

1.30 1180 1.680.60 0.901.11 0.77 0.562:4 

Rice cultivarad 

Binato 
1.95 0.78 0.25 0.97 0.51 0.27

0.0 1.044:2 	
0.83 151 1.83 089 1.20 0.66 0.55 1.13 

2:4 

IR52 0.77 0.55 
4:2 	 1.29 1.31 1.30 1.83 0.78 0.76 

0.89 0.670.69 0.93
2:4 	 1.45 1.08 1.12 1.50 

with re
aRelative crowding coefficient of rice with respect to E. colons. bRelative crowding coefficient of E. colon. 


spoct to rice. cPlanted with rice cultivar C171-136. dPlanted with an E. colons ecotype with a green seed coat found at
 

IRRI.
 

Table 26. Effect of interspecific competition on accumulative tiller length of rice cultivars and Echlnochloa colone.
 

IRRI, 1982.
 

Accumulative tV1tr length (cm/plant) 

Rice: weed E. colons 
density combination 

60 DAS 45 DAS 60 DAS 
.40 ,,-

Binato	 -127 a 
6:0 	 4 b 

72 b 9 b 189a
12a4:2 	 7 b 177a80 b16a2:4 	 174 a40a

0:6 

IR52	 -186 a40 a6:0 	 150 b25 b209 a42 a4:2 152 b45a
18136a 	 a2:4 18137 eb 
0:6 
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IRRI, 1982.
Table 27. Butachlor and thiobencarb germination inhibition of Echinochloa colona ecotype. 

Inhibition of germination (% of control) 

Ecotype Butachlor 

1 ppm 

CagayM 
Pangasinan 
NuevaEcija 
IRRI (green) 
IRRI(red) 
Batangas 
Camarines Sur 

0 c 
15 b 
0 c 
2 c 
0 c 

37 a 
12 bc 

Iloilo 3 c 
Leyte 
Bukidnon 

3 
4 

c 
bc 

ZamboangadelSur 
South Cotabato 

8 
5 

bc 
bc 

IRRI) at rice:weed density combinations of 0:6, 
2:4, 4:2, and 6:0. 

The two cultivars had different competitive 
abilities against E. colona, which depended on the 

form and stage of growth. The maximum competi-
tive ability of Binato, a taller cultivar with shorter 
accumulative tiller length, occurred from 30 to 45 
DAS and then decreased and that of IR52, a dwarf 
cultivar with longer accumulative tiller length, 
occurred from 45 to 60 DAS (Table 25). The 
decrease in competitive ability of Binato was 

attributed to its shorter accumulative tiller length 

than that of E colona. On the other hand, IR52's 
longer accumulative tiller length and its greater leaf 

area increased its competitive ability (Table 26). 

This suggested that accumulative tiller length is 

important in competition between rice and E. 

colona. 
Response of Echinochloa colona ecotypes to 

herbicides. Responses of 12 E.colona ecotypes to 
PE (butachlor and thiobencarb) and postemergence 
(propanil) herbicides were determined in three 

greenhouse experiments. Concentrations of 1and 
3 ppm were used for the PE herbicide solutions. 

Butachlor significantly reduced germination in 

some ecotypes, especially BA at both concentra-
tions (Table 27). Butachlor slightly inhibited PA 
and CS germination. Except for BA treated with 3 

ppm, thiobencarb did not significantly inhibit 
germination ofthe ecotypes. BA appeared to be the 
most susceptible to both butachlor and thioben-

was the most tolerant. 
carb; BU, 
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Thlobencarb 

3 ppm 1 ppm 3 ppm 

4 bc 
14ab 
0 c 

4a 
0a 
0a 

3 
3 
0 

b 
b 
b 

7 
6 

bc 
bc 

0a 
la 

1 
0 

b 
b 

22 a 
12 abc 

3 a 
3 a 

13a 
0 b 

4 bc 3a 0 b 

3 bc 4a 0 b 

2 
0 

bc 
c 

0a 
1 a 

0 
0 

b 
b 

5 bc 1 a 1 b 

Butachlor-affected variations in shoot length of 

the germinating seeds were more pronounced than 
germination inhibition (Fig. 4). The ecotypes showed 
greater response variations to the I ppm than to the 

3 ppm butachlor concentration. At 3 ppm, severe 
shoot length inhibition was observed on all the 
ecotypes, except BU. Of the ecotypes, SC was the 
most susceptible to 3 ppm butachlor. PA, IL, and 

BU appeared to tolerate I ppm thiobencarb; IRRI 
(green), was the most susceptible (Fig. 4). 

To evaluate ecotype response to propanil, the 
second leaf of 10-d-old seedlings and the third leaf 

of 20-d-old seedlings of each ecotype was dipped 

into a 250-ppm propanil solution for 5 s. The 
plants were grown in nutrient solutions for 48 h, 

then harvested to measure the necrotic length in the 

Table 28. Effect of propanil on necrotic length of Echi. 

nochloa colona ecotypes. IRRI, 1982. 

Necrotic length (mm) 
Ecotype 

2nd leaf 3rd leaf 

Cagayan 	 25 abc 0 b 

Pangasinan 	 23 abe 7 b 
22 abc 2 bNueva Ecija

IRRI (green) 26 abc 8 b 
IRRI (red) 29 ab 21 a 

21 bc 0 bBatangas 
Camarines Sur 31 a 28 a 
Iloilo 23 abe 23a 
Leyte 20 bc 7 b 

2 bBukidnon 24 abc 
Zamboanga del Sur 20 bc 6 b 
South Cotabato 	 19 c 248a 



Shoot length (%/of control)
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THE SOLANA CROPPING SYSTEMS RESEARCH 

PROGRAM 


Multiple Croppingand Entomology 

Departments 

Cropping patterns tested in 1981-82 (Multiple 
Cropping). Cropping pattern designs were based 

primarily on expected water regimes in three strata. 
The three strata were arbitrarily delineated on a 

broad alluvial terrace, with the delineation being 
determined by tendencies to drought or flooding. 

Stratum I isprone to drought, stratum 3 isprone to 

flooding, and stratum 2 is intermediate to these 

extreme conditions. 

Twenty-five cooperating farmers with land in 


or 2 were asked to plant patter n A
strata I 

pattern B
(mungbean - TFR - mungbean) or 

(mungbean - DSR/WSR - mungbean) (Fig. 1). 

These patterns differed only in the planting method 
of the rice crop. 

Twenty-three of the 25 mungbean fields were 

seeded within 10 dof a 58-mm rainfall during 23-25 

Apr (Fig. 2). However, 5 of 11 plantings failed in 
failed in stratum 2stratum 1 and three of six 


because flooding started 7 wk after the first 


planting. Mean yield from the first stratum was 0.5 


t/ ha. Flooding reduced second stratum mean yield 


more than 50%. More intense flooding attri-by 
buted to poor surface drainage caused higher yield 

reductions in the lower intermediate terrain 
(stratum 2). Regareless of field location, surface 

deeper and flood durations longer in 
water was 
failed fields than in harvtsted fields (Fig. 3). 

was transplanted in 24 
After mungbean, rice 

fields. Five fields were originally intended for wet 

Croppinq Strotum
pollen? 1fieldsA /MG 


B MG DSR/WSR MG I 

DSR/wSR TPR MG 2 

MGThe 23TD 
S // 

A M J J A S 0 N D J F M 

Solana. 

198 1-82. MG =mungbean, TPR= 
I. Proposed cropping patterns for different strata.. 

Cagayan, Philippines. wet-seeded
transplanted rice, DSR= dry-seeded rice, WSR = 


rice. 
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Fields (no.) 
28 

24 

20 

1 
16
 
12
 

8 
4 

0 

Rainfall (mm) 
40 

30 

2_0
 

10 

0 
2 3 12 14 18 May

April 23 24 25 27 28 


Date of planting
 

2. Daily rainfall and mungbean seeding dates. Solana, Cagayan, 

Philippines, 1981. 

or dry direct seeding; however, standing water at 
planting time made transplanting the only choice. 
Because pattern Bcould not planted in 1982, the 

agronomic feasibility of this pattern for environ

ments similar to Solana's is in doubt. 

One of four rice varieties was planted in each of 

18 fields in strata I and 2. The six remaining fields 

were divided and planted with two varieties. All 

were harvested; mean yields of varieties are 

given in Table 1. In stratum 1, IR46 outyielded 

IR52. In stratum 2, IR52 outyielded RDI9, 

although the latter is photoperiod sensitive and 

known to have flood emergence ability. 

mean performance of six stratum 2 fields 
with DSR followed by TPR (pattern C in Fig. 1)is 

shown in Table 2. DSR was planted and harvested 
within the designed schedule. Field durations of 

this crop ranged from II I to 121 d. Two fields, 

where, emergence was poor, yielded less than 3 

t/ha. "xcept for one field, the turnaround time 

C 



Average water depth (cm) 

10 

9 

8 - Failed mungbean fields
 
(n=8)
 

7 -yields 

A
6 

5 

4 

~Yield 

2- - Harvested mungbeon fields 

1 

II I0 
16 20 24 2830 3 6 9 12 15 18 21 24 

Jun Jul 

harvested and failed3. Average daily water depth in the 
flowering to podding stages.

mtngbean fields during the 
Solana, Cagayan, Philippines, 1981. 

(TAT) for planting the next crop exceeded 3 wk 

because water was too deep for transplanting. Two 

transplanted fields were ruined by the submergence 

of young seedlings, they were replanted extending 

TAT to more than 50 d. Second-crop yields (1.5-

3.6 t/ha) varied mainly because of flood-damage 
of the latefields. Becausedifferences among 

of the second crop weretransplanting, harvests 
delayed beyond the scheduled time. 

In strata 2and 3,transplanting of the first crop in 

pattern D (Fig. 1)was delayed because water was 

insufficient for land preparation at the scheduled 

planting time. First-crop yields from both strata 

Table 1. Mean grain yield of rice varieties transplanterl 

after mungbean across Streta 1 and 2, Solana, Cagayan, 
Philippines, 1981. 

IR52 IR46 IR368 RD19b 

Mean grain yield 
Cropping pattern fields 

3.1 
14 

3.6 
7 

3.0 
2 

2.2 
7 

bPlanted only In the'Planted only In the first stratum. 
second stratum. 

Table 2. Mean planting dates, field durations, and grain 
of DSR and TPR (with a39-d TAT between them) 

at the second stratum, mean of six fields. Solana, Cage-

YieldPlnigFi'ldyen, Philippines, 1981. (t/ha)durationPlantingCrop (d)Cop
date 


3.3DSR 31 May 112 
82 2.6TPR 2 Nov 

Table 3. 'field of IR52 and IR36 transplanted as the first 

crop at slrata 2 and 3, Solana, Cagayan, Philippines, 1981

82. (t/ha) 

Yiratum 

MnanIR36IR52 

2 3.1 (4) 3.0 (3) 3.1 
3.4 (8) 3.73 3.9 (9) 
3.3Mean 3.6 

number of cropping pattern 
fields. 
'Numbers in parentheses are 

and both varieties, however, exceeded 3 t/ha 

(Table 3). The second crop was delayed because the 

first crop was transplanted late and floods de

stroyed seedbeds and hampered transplanting. 

Most of the second crops were transplanted in 

December; the moisture stress suffered in January 

and February resulted in crop failures in two fields 

and yield reductions in the rest. 
Because of the delayed schedule in the preceding 

crops and excessive soil moisture after the rice 

crop, only 15 of 42 fields were planted with post

rice mungbean. Of the 15 fields, ! fa-ilCd because 

of drought. With this experience and that in the 

previous year, mungbean isnot considered feasible. 

under the prevailing conditions and will no longer 

follow rice in future cropping patterns. 
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Chemical insect control recommendations for 

Soan (Entomology).Mungbeanbefore rice.DSR 

suffers damage from ants that remove seeds before 

crop emergence. To test whether stand reduction 

occurs on mungbean, a third growth stage was 

added to partition yield loss in preemergence, 

preflowering, and po3tflowering periods. Carbaryl 

85% SP was chosen because it was readily available 

and, in earlier trials, its wettable powder formula-

tion had given good ant control on DSR with no 

phytotoxic effect on mungbean. 
Unfortunately, the carbaryl SP formulation at 

4 g ai/ kg seed (0.1 kg ai/ ha) proved highly phyto-

toxic and depressed yields (Table 4). 

However, in the bendiocarb seed treatment in 

potential practices 3and 4, the plant stand was not 
the untreatedsignificantly higher than that in 

check. Apparently ants caused no damage to 

mungbean seedbeds. Bendiocarb was not used as a 

seed treatment in the yield-loss treatments because 

it issystemic and controls some pieflowering insect 

pests, which would not allow isolating the yield loss 

from preemergence insect damage. 

A comparison of the fou potential practices 

showed no yield increase from bendiocarb seed 

treatment during the preemergence and preflower-

ing growth stages. The major pest was the bean pod 

borer Marucatestulalis. Potential practices I and 3 

involved a single spray of permethrin at flowering; 

practices 2 and 4 involved one permethrin spray at 

flowering and one 10 d later. 
Because no yield loss occurred during the pre

emergence growth stage, the complete protection 

minus the seed treatment was used. Yield loss 
was 0.3 t/ha (Table 4).attributed to insect pests 

With mungbean prices at $0.50/ kg, the economic 

loss became $150/ha. Comparison of one or two 

permethrin sprays with the untreated check gave 

on bean pod borer controlinconsistent results 
(Table 4). The greatest yield response to post

evenflowering sprays was only 0.2 kg/ha and 

though this translates into a gross benefit of 

$100/ha, four replications normally are insufficient 

to separate means differing by 0.2-0.3 t/ ha (CV 

22% with 35-M2 yield cuts). 

In 1983 trials, replications wili be increased to six 

and will continue to compare postflowering treat

ments differing in number of sprays. 

Dry-seeded bunded rice. The 1982 crop was 
that struck during thedestroyed by a typhoon 

mid-ripening stage. However, insect numbers were 
nomonitored before the soft dough stage and 

postemergence pest surpassed the economic thresh

old values in any field. These results have been 

consistent over the 3 yr of trials. 

In the 1982 trials, significant stand reduction, 

attributed to seed removal by ants, was recorded. 

Aldrin WP at 4 g ai/ kg seed provided a significant 

increase in plant stand (67 plants/ m of row) over 

the untreated check (34 plants/ m of row). At a 

Table 4. Development of a chemical insect control recommendation for CES1D-21 mungbean before wetland rice, using 

the yield-lon method. Solana, Cagayan, Philippines, April-July 1982. 

Stand 
(1,000 plants/ha)Insect control treatment 

106 b
Complete protection: Seed treatment - 4 g al carbaryl SP/kg seed; 

preflowering - 0.5 kg ai monocrotophos EC/ha 2,9, 16 DE; 

postflowering - 0.03 kg a! decamethrin EC/ha 25, 35,45 DE 
178 a

Omit seed treatment 
101 b

Omit preflowering protection 
107 b

Omit postflowering protection 
171 a

Potwntial practice 1: 0.04 kg ai permethrin EC/ha at flowering 
160 a

Potential practice 2: 0.04 kg ai permethrin EC/ha at flowering and 

10 d later 
Potential practice 3: seed treatment --4 g ai bendiocarb 182 a 

WP/kg seed; 0.04 kg aipermethrin EC/ha at flowering 
158 a

Potential practice 4: seed treatment - 4 g ai bendiocarb WP/kg seed; 

0.04 kg ai permethrin EC/ha at flowering and 10 d later 
162a


Untreated check 


8Av of four replications. Carbaryl (Sevin 85 SP), monocrotophos (Azodrin 202 R 30% EC), 

EC), bendiocarb 50WP. Mungbean seeded at 25 kg/ha. 
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Yield' 
(t/ha) 

0.51 d 

0.918 
0.51 d 
0.42 d 
0.6 . cd 
0.83 ab 

0.79 abc 

0.63 bcd 

0.61 cd 

decamethrin (Decis 2.5 



is had been registered, the threshold values are high
100 kg seed/ha, the dosageseeding rate of 

(Table 5).
0.4 kg ai/ha. 

Plant stand losses attributed to ants occurred in 

the 1980, but not in the 1981 DSR crop. Extensive MUNGBEAN - ACOMPONENT OF CR' ?P 'NG 

floods in early November 1980 probably severely 

reduced the resident ant population in stratum I. 

At the height of the 1980 flood when the crop land 

was under at least I m of water, flood waters swept 

away ants massed together in balls to protect the 

queen. Nests were located in the rice bunds and it 

took at least 1yr for the ant population to recover 

from the devaitating flood, 

Transplantedsinglericecrop. Insect populations 

oin transplanted rice have been extremely low in 

each of the field trials that have been conducted. 

The most prevalent pests have been armyworm 

during the seedbed, leaf folder in the late repro-

Cuctive stage, and rice bug at grain ripening. No 

significant yield losses have been recorded for any 

growth. stage. In the 1981 planting of IR52 in six 

fields, the complete control resulted in an average 

of 3.6 t/ha; the untreated check, 3.1 t/ha. 

The insect pest population did not reach eco-

nomic threshold values in any field so no insecti-

cide was applied. Because no significant yield losses 

Cable 3. The 1982 recommaded insect control practice on tratisplanted IR52 is the 

nomic threshold values. Solana, Philippines 1982. 

Pest 

Defoliators (armyworm, cutworm, caseworm) 

Leaf feeders 

(ormyworm, cutworm, whorl maggot, 


casoworm, leaf folder, semilooper)
 

Stem borer 

Stem borer 
Leaf folder 

Rice bug 

Whitebacked planthopper 

820% chlorpyrifos + 11.5% BPMC. 

PATTERNS 

Multiple CroppingDepartment 

Because of its short maturity, agronomic adapt

ability, and market acceptance, mungbean is a 

common component of iainfed cropping patterns. 

Mungbean may be planted as the main crop under 

good growing conditions or grown as a marginal 

crop early in the WS before rice or at the end of the 

WS after rice. Bec:,,zse of the diverse environmental 
to in differentconditions mun,,bean is subjected 

situations, management factors must be adjusted 

to obtain an adequate crop stand and to reduce 

drought and excess-water hazards. 

The range of conditions and yields obtained in 

project illustratesthe Solr-na cropping systems 

prodr~ction hazards in the region. Erratic rainfall 

distributi.m within a cropping yeai was found to 

be a greater problem than total rainfall. Over 3 yr 

of the cropping systems project, tropical cyclones 

contributed 58, 40, and 48% of the rainfall in the 

Action threshold 

Seedbed 
50% defoliation (combined for all 

pest species) 

Vegetative stage 
25% damaged leaves 
(combined for all pest species) 

15% deadhearts 

ReproductivestageBroda
5% nJeadhearts
 

15% damaged leaves 


Ripening stage 

8/m2 

All stages
1/tiller 

use of insecticides based on eco-

Insecticide 
and dosage
(kg hitha) 

Monocrotophos (0.4) 

Monocrotophos (0.4) 

Brodan (0.4) 

(0.4) 

Monocrotophos (0.4) 

Monocrotophos (OA) 

BPMC (0.4) 
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Roinfall (mm) 

L 19821980 * Rainfa llderived 1981 
from tropicalcyclones 

a
120 

.
80 


40 

20 22N 262a30 1 1618202225262830 
Week no 

4 16 18 20 22 24 26 28 30 14 16 18 

4. Mungbean was planted in Lte April or early May (weeks 16-19) but heavy rainfall in mid-May and early June 

(weeks 20-23) caused flood damage. Solana, Cagayan, Philippines, 1980-82. 

growing season. Weekly rainfall attributed to trop-

is shown in Figure 4. In all years,ical cyclones 
mungbean planted before rice was affected directly 

by excess moisture and indirectly by competition 

from weeds that are adapted to the high soil 

moisture levels. Research showed it is safer aPnd 
on well-more profitable to plant mungbean 

drained than in poorly drained terrain positions. In 

1982, the mean mungbean yield from 10 farmer-

cooperators' fields on well-drained land was 0.39 

t/ha. From 10 fields located on poorly drained 

land, the mean yield was 0.24 t/ha. In mungbean 

adaptation tests in 12 villages outside the Solana 

area but on similar terrain units, a meanproject 
yield of 0.57 t/ha was obtained from 12 well-

drained fields, but only 0.12 t/ ha from I I poorly 

drained fields. During 1982, flooding and drought 

(Fig. 4). Sparse rains after 	 plantingoccurred 
(weeks 18 and 19) caused stand reductions and 

wasslowed growth, but flood damage (week 20) 

greater. Outside the project, farmers' mungbean 

crops were dismal. Among a control group of 43 

farmers' fields, seven had no harvest at all and the 

remaining averaged only 0.03 t/ha. 

Plant population and moisture damage. Low 

population densities and excess-moisture damage 
incontribute most to low mungbean yields even 

well-drained fields. Experiments were conducted 

to test planting methods that might increase plant 

population and reduce excess-moisture damage. 

Solana.In an experiment during the last week of 

April, selected combinations of tillage levels and 

planting methods were tested (Table 6). A 17-mm 

rainfall 2 DAS eroded the ridges on treatment 5, 

crop stand, flood damage, weeds, and mungbean yield over four repli.
onTable 6. Effect of tillage and sowing method 

tions. Solana, Cagayan, Philippines, 1982 WS. 

Treatment Tillage 
no. level 

1 Zero 
2 Zero 

3 Lovc 
4 Low 
5 Low 
6 Low 

7 Low 

-9 scale where 1 =a 1 

b
Drill in seed-furrow 
Roller injection planter (RIP) 
on flat seedbed 
Drill in seed-furrow 
RIP on flat seedbed 
RIP on ridge 
RIP on ridge, drill in seedd 
furrow 
Broadcast on flat seedbed 

Weed wt YieldPlants (no./r 
2 at) Floods 

2 
Emergence Harvest damage (g/0.5 i ) (t/ha) 

154 bcd 0.16 cd18 c 14 bc 3 
246 a 0.06 d21 bc 7 d 1 

24 ab 6 128 cd 0.33 ab24 abc 
0.17 cd21 bc 18 bc 4 	 97 d 

7 166 b 0.27 bc33 8 23 bc 
31 ab 32 a 7 	 109 d 0.37 a 

109 d 0.16 cd16 c 16 bc 4 

severe damage, 9 = no damage. bFurrows were made where seeds were sown. COne plowing + one 

harrowing. dSeeds were sown on ridges and in 8- to iC-cm deep furrows spaced at about 30 cm. 
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making its height similar to that of treatment 4. 

Plant stand and growth were severely affected by 

drought after emergence and by a flood 21 DAS. 

Flood damage ratings and weed occurrence were 

greatest with zero tillage, especially when sown 

with the rolling injector planter (RIP). Yields were 

low even when plant populations were 32/M 2 . 

Poor aeration stunted the plants. 
Statistical comparisons showed that emergence 

rates from zero and low tillage did not differ 

greatly. However, with zero tillage, plants were 

more susceptible to drought and flood hazards, 

weed weight was higher, and mungbean yields were 

lower. Although drilling in seed furrows and 

sowing with the RIP produced a similar number of 

emerged plants, crop stand reduction and weed 

weights were higher with the RIP. Broadcast 

seeding resulted in the poorest stand and yield. 

IRRI. In the first of fourexperiments conducted 

under controlled test conditions, broadcasting and 

row seeding were compared at population levels of 

200,G00 and 300,000 plants/ha under weedy and 

weed-free conditions. The field was prepared to a 

rough tilth. For the row-seed treatment, shallow 

furrows were opened at 75-cm centers into which 

seeds were hand-drilled and covered by harrowing. 

For the broadcast treatment, after seeds were 

scattered on the surface, the plots were harrowed. 

The desired populations were obtained by over-

seeding and thinning. For the weed-free treatment, 

plots were nand weeded at 14 and 28 DAS, and at 
pod-filling stage. A split-split plot design was used 

with planting method in main plots, plant popula-
tion in subplots, and weed control factors in sub-

subplots. The higher population produced an 

average statistically insignificant yield increase of 

0.08 t/ha. There was less weed competition and 

therefore higher yields in the weed-free treatment. 

Yields from unweeded treatments averaged 

0.34 t/ ha; from weeded treatments they averaged 

0.85 t/ ha. Mean total dry matter was 1.8 t/ ha in the 

unweeded treatment and 2.9 t/ ha in the weed-free 

treatment. Row-seeded crops showed a greater 

uniformity in Fpacing, greater ability to compete 

with weeds, and ease of weed control, and gave 

higher yields than the broadcast crops. 
In the second experiment, stubble management 

alternatives and four planting techniques were 
examined. The stubble management alternatives 

included cutting heights of 15, 7.5, and 0 cm where 

stubble was removed, 0 cm where stubble was used 

as mulch, and 0 cm where plots were plowed twice 

and harrowed once. Planting techniques included 

broadcasting followed by harrowing, hand drilling 

into opened furrows, using RIP on harrowed plots, 

and using RIP on opened furrows. Yields from all 

seeding techniques at the high tillage level (two 

plowings, one harrowing) exceeded those from the 

corresponding seeding techniques where tillage 

was not performed (Fig. 5). Tall stubble was 

inferior to other stubble management regardless of 

seeding technique. Hand drilling tended to domi

nate among the seeding techniques. 
In the third experiment, broadcast seedings and 

RIP seedings on a flat surface, in a furrow, on a 

ridge, and on a ridge plus in a furrow were 

compared. The crop was flooded at emergence, 20 

DE, and the flowering stage. A split-plot design 

replicated three times was used with flooding 

treatments in the main plots and seeding tech

niques in the subplots. RIP seeding was in rows at 

30-cm centers. For flooding treatments, water was 

brought to 3-cm depth and retained for 3 conse

cutive days. Yield means corresponding to flooding 

treatments and seeding techniques are in Figure 6. 

The unflooded treatment gave comparatively low 

Yield (t/ho) 

0o|
 
Seeding techniques.
 

St = RIP infurrows
 
= RIP after harrowing
sae S2 

= Hnd drill infurrows
S3 

S4 Broadcast and harrow 

6 
// 

X.: 
-X.4-

2 

0 s S si s s, s S 5e st s2 s S4s3 s3 
2 powins 

15 75 O-Removed 0-Mulched 0-1harrowing 

Rice stubble cutting ht (cm) and marnogement 

-. Effect of rice stubble management and seeding technique on 

mungbean yield. IRRI. 1982. 
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Yield 18 

06 

04 

02 

0 Flooding treaimnents Seeding fechnoonS 

and seeding techniques on 
6. Effect of flooding treatments 

mungbean yields. IRRI, 1982. 


yields because of late moisture stress. Flooding at 

20 DAS, when plants and roots were developing 

rapidly and early nodules were forming, depressed 

yields. RIP seeding on flat, harrowed, unfurrowed 

plots was superior to other seeding techniques. 

Broadcast seeding and RIP seeding in furrows, on 
ridges resulted inridges, or in furrows plus on 

An insignificant flooding-seedingsimilar yields. 

interaction indicated that neither seed placement
 

on ridges nor that in furrows produced a distinct 

yield advantage when water was either excessive or 

in short supply. Mean nodule counts from plots 

flooded at 20 DAS were 35% lower than those of 

other treatments. Stand reductions resulted from 

flooding at emergence and at 20 DAS were high 

(Fig. 7). 
In the fourth experiment conducted in dryland 

of increasing theand wetland fields, the effect 

depth of RIP seed placement was tested by 

applying a 5-kg weight to the planter. To examine 
moisture, plantings werethe effect of seed zone 

started on the second day after field flooding and 

made every 2 d up to day 12. The textural makeup 

of the test fields are in Table 7. Seeding depth and 

the number of germinated seeds were determined 

by excavating 5 m of randomly selected row. 
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Plants (no./10"' 2 ) 

0 Be o e flood in g see ding t0c0n iqu,(S) 

I- RIPOfterharrowingIAtr flooing 
2- RIPInfurrow 

3- RIPonridge 
4- eroodc=t od 

harrowed5- RIPonridgeo In 

furrow600- I.. 

400 

200

0 Sl S2 S3 S4 S5 SI S4 5S2 S3 

Flooding oi emergerce Flooding at 20 DAS 

7. Stand reduction attributed to flooding at emergence and 20 

DAS following different seeding methods. IRRI, 1982. 

Table 7. Soil texture makeup of the dryland and wetland 

fields in which weighted and urtweighted RIP ed place

1982. 
wants wo compared. IR Re, 

WeilandDrylandTexture 

% 
40Clay 37 
5039Silt 1033Sand 

The effects of delays in seeding and additional 

RIP weight on seeding depth and number of 

germinated plants are shown in Figure 8. In the 

wet!and soil, seeding depths from weighted and 
to the thirdwere similar tipunweighted RIP 

planting, but on the fourth and fifth plantings, seed 

placement was shallower with the unweighted RIP. 

In the wetland soil, plant germination dropped 

sharply after the first planting for the unweighted 

and after the second planting for the weighted RIP 

treatments. In the first planting, germination was 

low when seeds were placed deeper by the weighted 

RIP. However, the deeper placement obtained 

from the weighted RIP, when used after a delay of 

8 and 10 d, did not increase seed emergence. 

In the dryland soil, seed placement was deeper in 



Seeding depth (cm) 
35 Drylond ftlond 

30 

25 

20 

15 

10 

0,9 

0 
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s0 
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60 with wt 

40 
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8. Seeding depth and number of gei1 .Ur-ated plants as influenced by delay in seeding and additional weight on the RIP. 

IRRI, 1982. 

all seedings with the weighted RIP. Seed placement 
depth declined gradually with time for both the 
weighted and unweighted RIP. In both treatments, 
a sharp decline in germination was observed after 
the third planting. 

As shown in Figure 9, surface soil moisture 
content &clined gradually. In both soils, germina-
tion dropped sharply beyond a 4-d seeding delay, 
corresponding to moisture contents of 30% in both 

situations. 
From the Solana and IRRI experiments, it was 

clear that low tillage was better than zero tillage 

when droughts and floods were expected. Tillage 
reduced weed competition and improved yield. 
Hand drilling in furrows resulted in better plant 
stand, uniformity in spacing, and ease in weed 
control than broadcast seeding. Except on flat
tilled unfurrowed soil, RIP seeding was interior to 

hand drilling in furrows. Furthermore, RIP seeding 
on ridges or in furrows did not produce advantages 
when the crop faced either an excess or shortage of 

water. Flooding caused the greatest crop damage 
when it occurred at the emergence stage and at 20 
DAS. Additional weight on the RIP increased seed 
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9. Surface soil (0-5 cm) moisture content at 2- and 12-d delays in 

munghbean seeding on wetland and dryland soils. IRRI, 1982. 

placement depth, but did not produce a consistent 
increase. Germination declinedgermination 

&harplybelow a 30%1o soil moisture content. 

RICE CROPPING INTENSITY AND INSECT 

ABUNDANCE 
Entomology Department 

Epidemics of ,IPH, GLH, and the virus diseases 

they vector have occurred in most Asian countries 

within the past 15 yr. The replacement of LVs with 

MVs has often been cited as a reason for this 

dramatic pest increase. However, results from 

Asian breeding programs have consistently shown 

that most LVs are highly susceptible to these pests. 

Clearly, another explanation must account for the 

increased pest problems. 
The insect pests most responsible for epidemics 

feed almost exclusively on rice and during the 

period when the epidemics have occurred, dramatic 

changes have occurred in the resources of space, 

time, labor, and capital devoted to rice cultivation, 
These changes have been made possible by the 

development of photoperiod-insensitive varieties 

that are high tillering and respond to management. 
It may not be the varieties themselves that have 

unleashed the reproductive powers of insect pests, 

but rather factors associated with crop intensifica-

tion. Four salient components of this intensifica-
tion are: 
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* Quantity-of-rice factors, which in turn may be 
divided into three readily measured parts: 1) 
the percentage of area within a giveh radius of 

a site devoted to rice cultivation (studies from 

several major insect pests point to a 1-km 
index (averagedistance), 2) the cropping 

number of rice crops per year per farm) within 

that area, and 3) the mean crop duration in 

days per farm. 
a given~*Asynchrony of cultivation within 


radius.
 
* Water control as measured by stress or flooded 

days. Field moisture status affects rice plant 

nutrition and insect population growth. Poor 
water control - too little or too much 

directly or indirectly affects pest survival. 

* Cultural factors. The most important from the 
point of view of pest abundance are: 1)amount 

of fertilizer, 	 specifically N applied, and 2) 

insecticide usage, characterized by the number 
dosage perof applications per crop and 

application. 
Establishing responsibility of individual intensity 

components for observed increases in pest abun

dance has proven difficult because historically they 

have tended to increase together. 
From available evidence at hand, water control 

and cultural practices are probably of less import

ance because their effects are small when measured 

in isolation. 
Insect pest epidemics arise from exponential 

increases in abundance. Therefore, a composite 

index of the quantity-of-rice factors, called hectare

days, has been created. It isequal to the product of 

the mean number of hectares under rice cultivation 

within I km of a site, the mean number of rice crops 

per year in those fields, and the mean number of 

days per year rice is cropped. 
Hectare-days were computed from 10 sites in 

five Philippine provinces (Table 8) and plotted 

against the total insect light trap catches as a 

measure of abundance.The 10 sites represent three 

rice environments: 
a rainfed, single crop dryland (Batangas); 
o rainfed wetland, single-double crop (Cagayan, 

Pangasinan, Iloilo); and 
a irrigated, double crop (Nueva Ecija). 

BPH and YSB abundance (Fig. 10) increased 

exponentially with the number of hectare-days. 



Table 8. Components of rice cultivation intensity affecting insect pest abundance as determined in three representative 

environments in five Philippine provinces, 1979-80. 

Cultural practicesQuantity of rice factom 

Province Site Year 
Area in Rice Maturation InsecticideFertilizer 
rice 
(%) 

cropping 
index 

(d) (kg N/ha) 
Application 
(no./field) 

Dosage 
(kg si/ha)/ 

application 

BatangasI 
Cagayana 

Pangasinan 
s 

Iloilo# 

Nueva Ecijab 

Cale 
Iraga 
Bangag 
Lipit 
Llpit 
Caaringayan 
Caaringayan 
Bunay 
Santa Monica 
Santa Rita 
Manaol 
Batitang 

1980 
1981 
1981 
1979 
1980 
1979 
1980 
1979 
1979 
1981 
1981 
1981 

20 
60 
60 
70 
70 
85 
811 
85 
85 
85 
85 
80 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.17 
1.30 
1.67 
2.12 
2.12 
2.0 

120 
156 
174 
134 
130 
129 
128 
110 
123 
119 
119 
121 

66 
0 
0 

33 
33 
33 
33 
47 
47 
57 
57 
57 

0 
0.3 
0.3 
0.4 
0.4 
0.4 
0.A 
1.3 
1.3 
5 
5 
5 

0 
0.02 
0.02 
0.1 
0.1 
0.1 
0.1 
0.14 
0.14 
0.4 
0.28 
0.28 

aData courtesy of IRRI Economics Department, Cropping Systems Program, farm record keeping. bData courtesy of 

the National Irrigation Administration, Cabanatuan, Nueva Ecija. 
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10. Relationship of two rice insect pests (measured as the total 

catch in a light trap per year) and rice cropping intensity (within 
I km of trap) expressed in hectare-days from five Philippine 
provinces. 1982. 

These results confirm the hypothesis that rice 

quantity is a good indicator of pest itbundance. N 

application underscored the less significant effect 

of cultural practices. Batangas had the highest N 

input, but the lowest pest numbers. An exponential 

equation appeared to provide a better fit of the 

data than a linear one, confirming the hypothesis 

as to the manner in which increased resources 

affect pest populations. 
scatter of points around the line of best fit 

be accounted for by variation in the asynchrony 

of cultivation. The three points with the greatest 
hectare-days represent Nueva Ecija sites that were 

chosen as representing a range of degrees of 

asynchrony. 
The significance of the exponential relationship 

for the design of cropping patterns must be 

emphasized. Increasing the mean number of rice 

crops from two to three is likely to lead to far more 

than a 50% increase in the incidence of pests per 

crop. 
These results pertain to mean intensity over a 

relatively wide area (314 ha - 1 km radius). The 

effects may not be visib!c on a much smaller scale. 

Because a rice garden (cropping index = 4.0) 

covering I ha did not suffer significantly greater 

infestation than the surrounding double-cropped 

area does not invalidate the results. The impact of 

intensification is likely to be highly scale dependent, 

with the relevant scale given by the dispersal range 

of the insect concerned. 
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EXPERIMENTAL EARLY-MATURING SOYBEAN 

Multiple CroppingDepartment 

G-2261, an experimental dwarf soybean line, was 

studied as a possible alternative to mungbean in 

cropping systems. It matures early (2-8 d longer 
than mungbean), yields high, and has good seed 

quality. It was planted at selected combinations of 
populations and row distances because optimum 

plant populations or spacing geometry had not yet 

been determined. 
Mungbean cultivars Pag-asa I and VC 1647B, 

weresoybean cultivar UPLSY-2, and G-2261 
planted in 50-cm-spaced rows at 300 000 plants/ ha 
(the row spacing and population common at 
IRRI). G-2261 was also planted at a narrow 

spacing of 25 cm at 300 009 and 600 000 plants/ ha. 
The six treatments were replicated four times in a 
randomized complete block design. 

In all treatments, excess seeds were drilled in 


furrows and thinned to the desired population 

before the first trifoliate leaf stage. A 30:1 sand-
inoculant mixture (ratio by weight) was drilled in 

the rows before seeding. Fertilizer was applied at 

10-18-33 kg (N,P,K)/ha at planting. The DS 

experiment was planted on 23 Feb; the WS 

experiment, on 7 Jul. 
Mean yield and other agronomic traits for both 

1.Single degree of freedomseasons are in Table 
contrasts showed that, in both seasons, soybean 

significantly outyielded mungbean. A contrast 
among the three treatments containing G-2261 and 

UPLSY-2 indicated that G-2261 was the superior 
yielder. In both seasons, the narrow-row plantings 

did not yield significantly more at 300 000 

plants/ha, but when the population was incre,.sed 

to 600 000 plants/ ha in combination with narrow 
rows, yields increased significantly. 

G-2261 maturity changed very little ineither 


season, but mungbean matured 6 d earlier in the 
only 1WS. Consequently, G-2261 maturity was 

day longer than the mean maturity of the mung-
bean cultivars in the DS, but 8 d longer in the WS. 
Compared with those of the two mungbean cul-

tivars, plant height, number of nodes per plant, and 

number of pods per plant of the dwarf soybean 

were less affected by season. 
An economic analysis showed that losses can be 

expected from all WS alternatives. Low yields and 
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while clearly agronomically superior to mungbean,high insecticide costs were the major factors con-
was at a disadvantage because the mungbeantributing to the losses. Analysis of the DS data 

a
showed that all alternatives were profitable, but market price exceeded the soybean price by 

because of the high local price for mungbean factor greater than 2. 

($730/ t) compared with that for soybean ($325/ t), ROOT AND OTHER MORPHOLOGICAL 

either mungbean cultivar was superior to any DIFFERENCES AMONG PEANUT CULTIVARS 

soybean alternative (Table 2). Forall alternatives, Multiple CroppingDepartment 
insecticide and fertilizer costs were recognized as 
excessive but constant treatments under the condi- Crop root characteristics (rooting depth and root 

tions of this experiment. In summary, G-2261, volume) contribute to the drought tolerance of 

Table 2. Economic analysis of mungbeen and soybean production alternatives. IRRI 1982 DS and WS. 

25-cm row spacing, 
50-cm row spacing, 300 000 plants/tiaInput-output 300 000 plants/ha 600 000 plants/ha 

Pag-asa 1 VC-1647B UPLSY-2 G-2261 G-2261 G-2261 

Dry season 
Labor input ($) 

Land preparation 
Seeding 
Spraying Insecticide 
Interrow cultivation 

3 
9 

20 
60 

33 
9 

20 
60 

33 
9 

20 
60 

33 
9 

2') 
60 

33 
9 

20 
60 

33 
9 

20 
60 

and weeding 
Harvesting and threshing 170 189 118 102 102 103 

Total labor cost 291 311 240 223 224 225 

Material cost () 
Seeds 
Insecticides 
Fertilizers 

11 
259 
65 

12 
259 

65 

18 
259 
65 

19 
259 
65 

19 
259 
65 

37 
259 
65 

Total material cost () 

Total variable cost Cs) 
335 

626 

336 

647 

343 

571 

344 

567 

343 

567 

362 

586 

Returns ($) 
Gross 
Return over total variable 

1382 
756 

1507 
860 

786 
170 

786 
219 

858 
291 

890 
304 

cost 
Wet season 

Labor input ($) 
Land preparation 
Seeding 
Spraying insecticide 
Interrow cultivation 

33 
9 

20 
60 

33 
9 

20 
60 

33 
9 

20 
60 

33 
9 

20 
60 

33 
9 

20 
60 

33 
9 

20 
60 

and weeding 
Harvesting and threshing 

Total labor cost 

42 

164 

40 

162 

65 

186 

72 

194 

75 

197 

75 

197 

Material cost ($) 
Seeds 
Insecticides 
Fertilizers 

9 
259 

65 

11 
259 
65 

10 
259 

65 

11 
259 
65 

11 
259 

65 

20 
259 

65 

Total material cost () 

Total variable cost () 

333 

497 

335 

497 

334 

521 

335 

529 

335 

532 

345 

541 

Returns () 
Gross 
Return over total variable 

263 
-233 

117 
-380 

298 
-223 

379 
-150 

404 
-127 

443 
-98 

cost 
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grain legumes. Determination of the rooting 

characteristics ofa large number of cultivars in the 

field is laborious and time consuming. A labor-

saving hydroponic technique was used to determine 

the rooting characteristics and other gross morpho-

logical attributes of 21 peanut cultivars. The 

objectives were to evaluate the hydroponic tech-

nique as a means of obtaining an adequate 

characterization of root systems and to examine 

the relationships among root and other plant 

attributes. 
Single plants were grown for 70 d on modified 

Hoagland solution in hydroponic ves.\ :1s made of 

100-cm long, 10-cm-diameter polyvinyl chloride 

pipes sealed at one end. The vessels weie aerated 

continuously and algae growth was prevented by 
adding streptomycine to the solution. Acompletely 

randomized design with eight replications was 

used. Measurements were made on root length, 
root volume, number of secondary roots, stem 

length, leaf area, specific leaf weight, and root and 

shoot dry weights. Root volume was determined 

by a water displacement technique and leaf area by 

an automatic leaf area meter. 
Selected attributes of the 21 cultivars are listed in 

Table 3. Eleven plant attributes were highly cor
factor analysesrelated (Table 4). Through to 

examine the pattern of relations in this matrix, two 

factors were identified. The first factor accounted 

for 60% of the total variability and the second for 

14%. The first factor, which was strongly associated 
with total shoot, root, and leaf dry weight and leaf 

area, and root volume, was regarded as a plant size 

factor(Fig. 1). The second factorwas regarded as a 
of its strongspecific leaf weight factor because 

association with that attribute. The second factor 

had expected moderate associations with total 

shoot, and leafdry weights. The moderate associa

tions with root length and number of secondary 

roots were not expected. The analysis revealed the 

strong redundancy inherent in total root, shoot, 
and leaf dry weight and leaf area, and root volume 

determinations, and indicated that the number of 

pegs per plant, root length, number of leaves, 
and number of secondaryspecific leaf weight, 

branches may require separate determinations if 

they are of significant interest in future research. 

The determinations of the three root characteristics 
(length, volume, and dry weight) were made with 

comparative ease. 

Table 3. Selected root and shoot characteristics of 21 peanut cultivars at 70 DAS. IRRI, 1982. 

Root Root dry Secondary Leaf areaRoot 
wt roots per plant

Genotype length volume (cm2 )(no.)(cm) (cc) (g) 

3.3 30.2 1274
234 64 42 

2.6 30.1 1415 
805 63 35 

2.4 24.0 1399
810 66 32 

3.3 22.2 283
758 64 41 

3.3 31.1 1425
F334-33 75 43 

3.1 26.1 1300
266 72 43 

3.1 27.1 1199
258 59 35 

2.5 20.8 978331 63 31 
2.6 18.9 1085

BPI-P9 60 33 
3.4 32.6 1585

330 69 44 
3.7 28.6 1692 

717 56 50 
4.8 29.2 1896

PI-118200 70 56 
4.6 21.5 1755

CES 101 71 46 
5.1 17.4 1801

199 91 43 
4.7 21.9 1617

CES 102 74 47 
4.8 20.0 1815

268 80 53 
3.4 31.7 1436

720 64 40 
4.1 24.0 1565

M-10 68 46 
5.0 20.5 1663 

261 75 49 
5.3 27.6 1409

ACC-12 75 54 
4.9 29.7 1707

332 73 52 
3.8 25.6 1492

Mean 68 44 
9.7 232

LSD 5% 10.7 9.5 1.1 
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Specific leaf wt 
(mg/cm2 ) 

3.19 
3A3 

2.99 
3.09 
2.88 
2.81 
3.02 
2.62 
2.87 
2.81 
3.34 
3.19 
3.01 
2.30 
2.91 
2.75 
3.02 
2.97 
2.63 
3.24 
2.93 
2.96 
0.29 

Shoot wt 
(g) 

7.6 
8.6 
9.0 
8.5 
9.7 
9.2 
7.8 
8.2 
7.1 

11.7 
10.2 
11.8 
11.1 
15.4 
11.2 
13.3 
9.9 

10.6 
12.3 
10.2 
12.0 
10.3 
1.8 



Before hydroponic techniques are used to screen 

cultivars for root differences, the correlation 
between hydroponic- and field-expressed attributes 

r. 	4 'n to and their significance to moisture stress tolerance
N* 

-	 must be determined. 

::::: , **,FITTING IMPROVED RICE PLANT TYPES INTO 
FLOOD-PRONE AREAS 

Ci' r (QrC 	 Multiple Cropping, Plant Breeding, andPlant 
Physiology Departments 

6 o n in* At the multiple cropping site at Solana, Cagayan, 

! 6 d. Philippines, 224 entries in an observation nursery 
were tested and yield trials were conducted on 42 

lines. The main physical constraints for the rice 

crop in this area are flash floods in the seedbed and 
.o MflWo.t N0 

stagnant flooding depths (negligible to I in), 
tz C9d0E depending on site and year. 

Raii.s accompanying Typhoon Weling flooded 

Ar i D the observation trial in stratum 3(lowest lying) at 1 

o oo0 DT on 14 Oct. 
*Table 5 shows the submergence survival of 

.& entries in relation to the submergence tolerance (or 

lack of it) of the parents. 
' 	 caN. ID8 No ) 

The findings represent an important step inL. 	 F%. 
of MVs into flood-prone areas 

• uQ r. q 
00000introduction 

because the excIlent survival of lines with FRI3A0 
parentage was achieved in modern short-statureto It.'Q 

0 plant types. 

best lines were from the following crosses:
IThe 

IR26702 FRI3A/IR48//IR42 (18 lines)
V (4lines)IR31031 FRI3A/CRIO02//IR48• 0a C? 

IR31406 Kurkaruppan/CR 1002 (3 ines) 
S//R13415-9-3-

VARIETAL TESTINGt 00 

Multiple CroppingDepartment 

At IFRI, varietal testing on crops for rice-based 
C C? 

&cropping systems can be divided into three envi

dryland crops planted before rice, yield
. 

0 -ronments: 
0 q E trials of both early- and medium-maturing rices,
 

I s a - 5 and dryland crops after rice. The nonrice crops are
 

".' , E .B 5 % mungbean, bush sitao, cowpea, soybean, peanut,
 

maize, sorghum, and sweet potato. Dryland-crop

?.2 -0• 	 o C to 'a =,L varieties tested during the 1981-82 season came 

W - j W. W from the breeding an6 screening programs of theC - j 

Institute of Plant Breeding, University of the 

Philippines at Los Bafios (UPLB) and some 
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U;ique -Foecor I i Factor 2 : .: 

TDW 

LA 

RDW 

RV 	 ___-

SDW 

LDW 

PP 

RL 

LN 

NSR 

75 10
0 25 50 


Fraction of variance explained by factors
 

1. First and second factor and unique conmponienlts oftotal dry weight (I DW), leaf area (LA), root dry 

shoot dry weight (SDWI. leaf di)y weight (LDW). pegs per plant
weight (RDW), root volumne (RV'), 
(PPP), leaf number (I N). specific leaf weight 1,SIWA), and numnberof secondar-N roots (NSR) obtained in a 

hydroponic culture study of 21 peanut cultivars. IRRI., 1982. 

national programs. Test sites were at Los Baiios 

and Solana, Cagayan, which were directly managed 
the national cropping systemby IRRI, and at 


research sites at Matanao, Davao Stir; Del Monte, 


Agusan Sur; Pangantucan, Bukidnon; Koronadal, 


South Cotabato; Dumarao, Capiz; and Naujan, 

Oriental Mindoro.
 

Dyadcosbefore rice. Mungbcan. Ten ear-ly
D lndcos2 

mungbean cultivars (plus an additional one at 

Cagayan) were planted before rice. Six promising 
wereindeterminate and disease-tolerant varieties 

also planted at Cagayan to be tested for their green 

manure potential. Two primings were the max-
imum for mungbean before rice. Fertilizer was not 
applied. 

Pag-asa land M350 yielded the highest at IRRI 
MG 50-10 A(Y) at Cagayan (1.03

(1.01 t/ha); 

t/ha). The farmers' LV ranked fifth at Cagayan.
 

Fodder was collected at IRRI immediately after 


the second priming. Pag-asa had high bean and 


fodder yields. CES J-2Y had the highest fodder 


yield but the lowest grain yield. 
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Table 5.Submergence survival 	as afunction of parentage 

area in Solana, Cagayan,iin ntual flash-flooded 
Piipns 92 

Submergence tolerance 

Entries Submergence parentaget ' 

(n. crO FR13A Other None 

2 100 0 01 
2.5 100 0 0 

4 3 100 0 0 

10 	 3.5 90 0 12 

43 14 4374
8 4.5 38 12 60 

8 4 38 0 70 

BAv SES scores taken at 20 and 60 d since the start of the 

flash flood. bPercentage of lines having FR13A as a sub, 

mergence-tolerant parent, another parent known for sub

mergence tolerance, or no parent with submergence toler-

At Cagayan, CES IF- and CES IT-2 yielded 

significantlyh igheralountsofgreenmanure(. 7 5 

and 1.55 t/ ha), with Pag-asa I ranking third (1.45 

t/ha). The farmers' LV ranked fourth. The three 



highest yielders, with a growth duration of 68 d, 
matured in 57 d; the LV, with a growth duration of 
66 d, matured in 55 d. CES IT-2 had the highest 
fodder yield (20.3 t/ha) fol!owed by CES IF-5 
(18.7 	t/ha) and Pag-asa 1(14.8 t/ha). TheLVhada 

yield. All the entriessignificantly lower fodder 
vroduced from 40 to 73 nodules/ plant. CES U-I 
oad lke highest nodule count. 

Bush sitao. Eight bush sitao cultivars were tested 
at IRRI and Cagayan. Green pod yield ranged 
from 2.91 to 6.10 t/ha at IRRI and 1.78 to 4.11 
t/ha at Cagayan (Table 6). Fodder yields were 
taken immediately after the last priming. Fodder 
yield was much higher in IRRI than at Cagayan. 
The number of nodules per plant was much higher 
at Cagayan than at IRRI. BS3 (6-14 R X AS) had 
the most nodules at both locations, 

Cowpea. Ten determinate cowpea cultivars were 
tested for green pod production at the IRRI and 
Cagayan sites (Table 7). Yields in Cagayan were 

lower because of much less moisture. Vita 3 had the 
highest fodder yield in Cagayan and CP4-2-3-1 the 

highest at IRRI. Growth duration, ranged from 72 

to 79 d at IRRI and 70-77 d at Cagayan. There was 
much more nodulation in Cagayan (224-474) than 
at IRRI. 

Soybean. At IRRI, five early-maturing soybean 
cultivars (not more than 95 d) were tested at IRRI. 
Yields ranged from 0.70 (Guntar) to 1.53 t/ha 
(UPLSY-2). Cultivar 1682-1343-1-10 ranked 
second (1.26 t/ha) but had the latest maturity 
(92 d). Guntar had an excellent nodulation rating. 

UPLSY-2 had bigger seeds but fewer pods per 
plant. 

Sweet maize and glutinous maize. Fourteen 
sweet maize cultivars were tested at South Cota
bato and eight at IRRI; seven glutinous maize 

also tested at IRRI. Hawaiiancultivars were 
Supersweet #9 yielded highest at IRRI, but yielded 
significantly lower at South Cotabato because of 

severe downy mildew infection prevalent in the 

southern Philippines. Downy mildew-tolerant 
Sweet DMR Comp. Pop 31B yielded highest in 
South Cotabato (1.86 t/ha). 

Yields among the glutinous maize cultivars did 
not differ significantly; they ranged from 2.87 to 

4.20 t/ha. Glutinous Syn. #22 yielded the highest, 
followed by DMR Comp. Pop4l A(3.77 t/ha)and 
the local variety Macapuijo (3.61 t/ha). 

Rice 3ield trials. Earl'-maturing rice. Twenty
four cu!tivars were planted in the flood-prone areas 
of Cagayan. 14 at IRRI, and II at the South 
Cotabato, Davao Sur, Pangasinan, and Capiz 
research sites. In Cagayan, trials were in four sets, 

two each in strata I and 2. Yields of the four tests 
averaged 1.05-3.55 t/ ha. IR9830-26-3-3 yielded the 
highest, followed by IR4829-89-2 (3.51 t/ ha) and 
IR13429-150-3-2-1-2 (3.12 t/ha). The farmers' LV 
ranked fourth (2.98 t/ ha) and matured in 160 d 

compared with the MVs, which matured in only 
Il10d. IR21015-182-3-2 was the most stable yielder 

(3.05 	t/ha). 
At IRRI, yield levels did not differ significantly 

among the 14 cultivars. 1R36, used for cropping 

Table 6. Yields of eight bush sitao cultivars evaluated before wetland rice at two Philippine test sites, 1982 WS. 

Cultivar 

BS1 (6-14 R X AS) 
BS6 (LBBS #1 X CO 1 )4-1-1-1 
Los Baflos Bush Sitao #1 
EG BS #2 
BS7 (LBBS #1 X C0 1 ) 4-1-1-2 

BS3 (LBBS #1 X AS) 

BS4 (MP X 21) 

UPL BS #4 


Av 

Bush sitao yield (tiha) 

IRRI, Los Bafiosa Solana, Cagayan b 

Dry beans Green pods Fodder Green pods Fodder 

0.43 bcd 
0.41 cd 
0.62 ab 
0.73 a 
0.51 bc 
0.28 d 
0.72 a 

5.35 ab 
3.45 cd 
3.62 cd 
4.75 bc 
3.10 de 
2.91 de 
6.10 a 

21.78 a 
6.56 b 
4.44 b 
8.22 b 
5,94 b 

21.00 a 
6.67 b 

4.11 a 
2.28 b 
2.22 b 
1.96 b 
1.91 b 
1.78 b 

-

9.08 a 
6.10ab 
8.74 a 
6.96 ab 
5.40 b 
6.48 b 

-

0.29 d 2.21 e 4.39 b - -

0.49 3.94 988 2.38 7.13 

20.96 16.54 
cv (%) 
27.35 20.10 22.58 

aRainfall: 686.2 mm. bRainfall: 546 mm. 
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Table 7. Yields of 10 determinhte cowpea cultivarsevaluated before wetland rice at two Philippine test sits, 1982 WS. 

Cowpea yield (t/ha) 

Solana, Cagvvar 
b 

Cultiver IRRI, Los BaiosO ____________________ 

Grain Green pods Fodder Green pods Fodder 

OA7 a 6.28 a 17 .3 n s 3.56 a 8.92 bc 
CP 4-2-3-1 

0.4O ab 2.70TVx 7-6H 
0.37 ab 4.41CP 2-3-1 
0.36ob 3.70TVx 1836-19E 

Vita3 3.i50.45TVx 1850-01E 3 J80.A2 abPelungga 4.230.30 abAll Season 1.980.27 abV59-41 1.540.23 bTVx 2949-01D 
0.36 3.50Av 

12.0 10.4 

aRainfall: 686.2 mm. bRainfall: 546 mm. 

pattern testing, ranked third (3.18 t/ha). The most 


were IR9729-67-3 (3.43 t/ha)
promising entries 
(341 t/ha). IR50 yieldedand IR22097-41-4-3 


lowest (2.77 t/ha). 

At South Cotabato, IR13429-196-1-2-1 was the 


most promising (3.36 t/ha). IR36 (3.25 t/ha) and 


IR50 (2.87 t/ha) ranked second and fourth. In 

(5.55 t/ha),Davao Sur, IR9209-249-1-2-3-2 


IR13429-196-1-2 (5.45 t/ha), and IR9752-71-3-2 


(5.30 t/ha) yielded better than IR36 (5.15 t/ha). 


IR50 yielded lowest (2.80 t/ ha). In Pangasinan, six 


new 	 cultivars outyielded IR36 (1.88 t/ha). The 


were IR8608-125-3-3
most promising cultivars 

(2.41 t/ha), IR19743-25-2-2 (2.33 t/ha), IR8455-


78-1-3-3 (2.27 t/ha), and IR9209-249-1-2-3-2 (2.17 


t/ha). In Capiz, IR19746-28-2-2-3 (3.91 t/ha), 


IR19735-5-2-3-2-1 (3.84 t/ha), and 1R19743-25-2-


2-2-3-1 (3.60 tjha) yielded best. IR50 (3.20 t/ha) 


ranked sixthand IR36(3.08 t/ha)eighth. IR50was 


less disease tolerant than IR36. 

entries were
Medium-maturing rice. Twelve 


tested at IRRI and in South Cotabato, 1Ientries in 


and Capiz, and 42 entries at two
Pangasinan 


plantingdates in Cagayan. InCagayan, C168 (2.68 

IR52 (2.37 t/ha)t/ha), BRIO (2.51 t/ha), and 

outyielded the farmers' LV (2.05 t/ha). In dry-
were no significantseeded trials at IRRI, there 

yield differences. IR18348-36-3-3 (3.42 t/ha), 

IR13429-109-2-2-1 (3.21 t/ha), and IR18272-12-3-

3-2 (3.20 t/ha) yielded highest. The IR52 check 
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1.35 c 11.61 bdef 15 2 ns 
12.28 bb 14.7 n$ 3.03 ab 

16.2ns  1.78 bc 10.5 bbcd 
0.67 c 19.84 a- -bcd 13.7n o 	 

--cde 7.6 no 
--

n 
bc 14.1 n 

ef 9. s 
--f 12.9 n 

12.713.5 128 
CV W1 

17. 21.321.2 

ranked seventh (2.94 t/ha). 
-1 (5.50At South Cotabato, onlyIR1 34 2 3 -17-1-2

t/ha) and IR13423-10-2-3 (4.90 t/ha) outyielded 

IR52 (4.77 t/ha). In Pangasinan, IR15318-2-2-2-2 

(5.72 t/ha), IR54 (5.71 t/ha), and IR13423-10-2-3 

(5.61 t/lia) yielded best. IR52 yielded lowest (2.65 
2 

t/ha). At Capiz, IR17494-32-1-1-3- (4.32 t/ha), 

IR42 (3.77 t/ ha), and IR 13540-56-3-2-1 (3.69 t/ha) 

yielded highest. IR52 ranked fourth (3.07 t/ha). 

Dryland crops after rice. Mungbean. Thirteen 

cultivars were tested at IRRI and in Mindoro, and 

the farmers' LVs, in14 cultivars, including 
not tilled at IRRI and inCagayan. Trials were 

tilled in Mindoro. YieldsCagayan, but were 

ranged from 1.09 to 1.55 t/ ha at IRRI and 0.12 to 

0.47 t/ ha in Cagayan. Extremely poor performance 

in Cagayan was attributed to drought with no 

rainfall occurring during 2 wk before planting. At 

IRRI, CES 2G4 (1.55 t/ha), EG MG 174-3 (1.46 

t/ha) were the mostt/ha), and CES U-I (1.43 
promising. CES 2G-4 had the most pods per plant 

but the beans were small. Pag-asa (1.29 t/ha) 

showed better tolerance for powdery mildew. At 

Cagayan, CES IT-2 (0.47 t/ha) yielded highest. 

The farmers' LV ranked seventh. Trials with high 

tillage in Mindoro showed no significant yield 

differences. Pag-asa 1 (0.78 t/ ha) and CES 2G-4 

(0.78 t/ ha) yielded best. Across the three locations, 

CES IT-2 (0.85 t/ha) had the highest mean yield; 

EG MG 174-3 (0.83 t/ha) and CES 2G-4 (0.82 

http:IR17494-32-1-1-3-(4.32
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t/ Ia) the next highest. 
Soybean. Ten cultivars were tested at IRRI and 

in Cagayan (zero tillage) and South Cotabato, and 

Mindoro (high tillage). As with all crops after rice 
was low becausein Cagayan, the soybean yield 

only residual soil moisture was available. At IRRI, 

more than I t/ha, with 7207-1six entries yielded 
(1.79 t/ha), UPLSY-2 (1.28 t/ha), and 50106-4-7 

(L.15t/ ha) yielding best. 7207-1 had the most pods 

per plant (30) and UPLSY-2 was the tallest (4 8 cm). 

In Cagayan, yields ranged from 0.07 (30290-11-11) 

to 0.62 t/ha (Multivar 80). Plant height ranged 

from 19 to 30 cm, Clark 63 being the tallest. With 

high tillage, UPLSY-2(l.49 t/ha)and Multivar80 

(1.44 t/ ha) yielded highest in South Cot bato and 

Clark 63 yielded highest (1.20 t/ha) at Mindoro 

Oriental. UPLSY-2 ranked second in both loca-

tions. Plants were taller at both locations; heights 

ranged from 50 to 73 cm in South Cotabato and 43 

to 58 cm in Mindoro Oriental. Days to maturity 

differed among locations with the average ranging 

from 88 d in South Cotabato to 80 d in Cagayan. 

UPLSY-2 had the highest mean yield across all 

locations (1.10 t/ha) followed by Clark 63 (0.90 

t/ha) and Multivar 80 (0.88 t/ha). 

Bush sitao. Nine cultivars were tested at IRRI 

and in Cagayan (zero tillage) and in Mindoro (high 

tillage). Both dry and green pods were harvested at 
wereIRRI and in Cagayan; only dried beans 

collected in Mindoro. BS 7 (LBBS #1 X COI)4-1-1-

2 had the highest grain yield at IRRI and BS3 

(16-14 R X AS) in Cagayan. BS 1 (6-14 R X AS) 

consistently had the highest green pod yield at 

IRRI (11.00 t/ha) and in Cagayan (6.27 t/ha) 

followed by BS3 (16-14 R X AS). Maturity at both 

locations ranged from 68-71 d. Plant height was 

taller at IRRI (43 cm) than in Cagayan (38 cm). 

With higl tillage, BS 4 (MP X 21) and UPL Bush 

more than 2 t/ ha. Pods per plantSitao #4 yielded 
ranged from 16-22 and number of seeds ranged 

from 13 to 17. UPL BS #2 had the most pods and 

BSi the most seeds per plot. 

Cowpea. Eleven entries were tested at IRRI and 

10 entries, including the farmers' LV in Cagayan, 

Mindoro, and South Cotabato. With zero tillage, 

yields ranged from 0.43 to 1.31 t/ha at IRRI and 

0.23 	 to 0.57 t/ha in Cagayan. EG #2 was the 
t/ha)highest yielder at IRRI in both grain (1.31 

and green pods (11.10 t/ha). Drought reduced 

yields in Cagayan; Vita 4 had the highest 	grain 

(0.57 t/ ha) and green pod (4.55 t/ ha) yields. Grain 

yield of the farmers' LV was 0.23 t/ ha; pod yield 

was 2.35 t/ha. Maturity ranged from 65 to 74 d at 

IRRI and 63 to 73 d in Cagayan. The earliest 

maturing cultivar was Vita 4 in Cagayan, and 

Pelungga at IRRI. 
In the high-tillage trials in South Cotabato and 

Mindoro, yields averaged 1.50 and 0.96 t/ha. Ii 

South Cotabato, the farmers' LV yielded similarly 

(1.86 t/ha) to the highest yielder TVx 2939-09D 

(1.88 t/ ha). Pods per plant ranged from 8 to 16with 

TVx 7-5H having the highest. In Mindoro, TVx 

7-5H (1.49 t/ha), EG #2 (1.28 t/ha), and TVx 

1948-01E (1.18 t/ha) had the highest grain yields. 

The Mindoro trials had more pcds per plant (12

23). The farmers' LV yielded significantly 	lower 

(0.40 t/ha). Vita 4 and TVx 7-5H had the 	most 

pods. Maturity ranged from 66 to 76 d with the LV 

longest. EG #2, the recommendedtaking the 
variety, had the highest mean grain yield across the 

four locations (1.10 t/ ha) followed by TVx 2939

09D (1.07 t/ha). 
at IRRI, peanutPeanut. With zero tillage 

cultivars CES 101 (1.99 t/ha), F334-33 (1.87 t/ha), 
CES 2-25 (1.77 t/ ha), and CES 103 (1.74 t/ ha) had 

the most promising shell,'J-bean yields. UPL

PN-2, a recommended Philippine Seedboard 

variety, ranked fifth (1.55 t/ha). Most of the 

cultivars were harvested at 103-104 DE. Pods per 

plant ranged from 26 to 35 with CES 101 having 

the highest. 
Sweet potato.Yields in the trials were similar to 

yields in normal dryland conditions. (Japan X US) 

25 (20.4 t/ ha), Minuras (20.1 t/ ha), and Kinabakab 

(20.0 t/ ha) had the best yields of marketable tubers. 

BNAS 51, recommended for normal cultivation, 

(11.8 t/ha). Kinabakab andyielded the lowest 
Hsinchu had the highest vine yields of 29.6 and 26.8 

t/ha. 
Maize. Seven green maize and eight early

d) field maize cultivarsmaturing (less than 100 

were planted at IRRI (zero tillage), 12 field maize 

in Mindoro, and 14 field maize in South Cotabato. 

Among green maize cultivars, there were no 

significant yield differences. Glutinous Syn. 22 

(5.16 t/ ha) and Glutinous Syn. 41(4.68 t/ ha) were 

the high yielders. The LV Macapuno yielded 4.17 

t/ha. Among early field maize cultivars, Early 
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DMR Comp. #2(3.68 t/ha), Phil. DMRComp.#1 
(3.60 t/ha), and Early DMR Comp. #I (3.38 t/ha) 
were the highest yielders. IPB Var 1,the local check, 
ranked fourth (2.46 t/ha). With high tillage in 
Mindoro, Phil. DMR Comp. #4 (4.96 t/ ha), Early 
DMR Comp. #2 (4.83 t/ha), and Phil. DMR 
Comp. #2(4.82 t/ ha) were the highest yielders. The 
farmers' LV ranked 11th (4.25 t/ha). Maturities 
ranged from 81 to 95 d with DMR Comp. #2 the 

earliest. At South Cotabato, Suwan DMR #5(5.30 

t/ha), Phil. DMR Comp. #4 (4.60 t/ha), and Phil. 
DMR Comp. #1 (4.10 t/ha) yielded highest. 
Maturities ranged from 88 to 94 d. The farmers' LV 
yielded 2.97 t/ha. IPB Var 1, the recommended 
variety, yielded the lowest in Mindoro (3.72 t/ha) 
and South Cotabato (3.20 t/ha). 

Sorghum. Twelve entries were tested at IRRI 
and in Cagayan (zero tillage) and Mindoro (high 
tillage). At IRRI, CS 271 (3.47 t/ha), CS 253 (3.40 
t/ha), and CS 182 (3.37 t/ha) were the most 
promising cultivars. UPL SG-5, used for cropping 
pattern testing, ranked ninth (2.93 t/ha). CS 268 
matured earliest (98 d) and yielded the lowest. 

Plant heights ranged from 89 to 107 cm with C 271 

the tallest. Drought greatly affected trials in 
Cagayan and Mindoro. No rain fell from planting 
to harvesting in Cagayan. Yields ranged from 0.43 
to 0.66 1,/ha in Cagayan and 1.10 to 1.38 t/ha in 
Mindoro. The most promising cultivars were CS 
182 (0.66 t/ ha) and IS 2940 (0.55 t/ ha) in Cagayan 
and CS 116 (1.38 t/ha) and CS 292 (1.33 t/ha) in 
Mindoro. In Cagayan, plant heights ranged from 
only 65 to 85 cm because of the drought; in 

Mindoro, they ranged from 166 to 194 cm. 

Regional Integrated Agricultural Research Sys
tems. To strengthen the Philippine Ministry of 

Agriculture's rice-based cropping systems research, 
Regional Integrated Agricultural Research Sys
tems (RIARS) were formed in the country's 12 
regions. Distribution of dryland crop seed mate
rials for crops after rice started in October !982. So 
far, 64 trials of maize, sorghum, soybean, peanut, 
mungbean, cow)ea, and bush sitao have been 
distributed to tne 12 regions. Varietal tiials for 
rice-based croppiig systems are now conducted at 
the RIARS stations, the Rainfed Agricultural 
Development Outreach Sites, and othei sites. 
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MAIZE MANAGEMENT 

With adequate water, maize has a high yield 

potential. It is -uitable as a DS crop as well as an 

early or late WS crop before or after rice. Several 
maizeimportant management factors affecting 

productivity weie examined in experiments corn-

pleted in 1982. 
Plant density and nitrogen fertilizer response. 

New maize hybrids with improved adaptation to 

have become available in recenttropical conditior 
years. Like open-pollinated varieties, hybrids are 

responsive to N fertilization and plant density. The 
on aeffects of these two managrment variables 

hybrid (Pioneer 618i) and on an open-pollinated 

were examined in an experimentvariety (IPB-I) 

planted in June. 


The experiment used a split-plot design with 


All factorial combinations of
four replications. 

cultivars and three plant densities (53 000, 64 000, 


and 80 000 plants/ha) were assigned to the main 


plots; the N levels (0, 75, 150, and 300 kg N/ha), 


applied in equal splits at planting, 30 DE, and at 


tasseling, were assigned to the subplots. Weeds and 

adequately controlled, but theinsect pests were 
crops was moderately damaged by typhoon 

Ruping at the hard-dough stage. 

Both cultivar and plant density affected yields, 

but the interaction of these two factors was not 
1 shows that the hybrid wassignificant. Figure 

higher yielding by an average of 0.7 t/ ha than the 

open-pollinated variety at all plant densities. An 
from 53 000 to 64 000increase in plant density 

plants/ha increased yield by an average of0.5 t/ ha 

across other treatments. The second plant density 

increment did not increase yield. 
yield significantly, butN fertilizer increased 

yields did not differ among the three N treatment 

levels. The response to 300 kg N/ha was only 0.4 

t/ ha, more than half of which was accounted for by 

the first 75 kg N/ha. 
Nitrogen source and application timing. Because 

of firequent periods of heavy rainfall, N fertilizer 

irtay be lost by leaching or denitrification during 

the WS. Furthermore, side-dressed N fertilizer 
may not be applied on schedule or at all because of 

wet field conditions. In this experiment, two N 
more
,sources, SCU and USG, which interact 

were evaluated.slowly with the soil than PU. 
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For the test, the maize cultivar lPf-, was 

planted at 51 000 plants/ha in July 1982. N 

were applied in three replications of atreatments 
The PUrandomized complete-block design. 


(45% N), SCU (36% N), and UJSO (46% N) sources
 

were applied at the rates shown in Figure 2. Weeds 

and insect pests were adequately controlled. 
show that the three NGrain yields (Fig. 2) 

about equally effective, althoughsources were 
minor interactions with rates and timings occurred. 

N fertilizer increased yields but, because of typhoon 

damage and other WS factors, yield responses were 

low. 
A comparison among tratments receiving only 

responsebasal N fertilizer showed that the yield 
100 kg N/ha. A cornwas strongly linear up to 

parison among treatments receiving 150 kg N/ha, 

all basal or split between basal and 30 DE applica

tions, suggested that the basally applied fertilizer 

was used more efficiently. 
For WS maizeNitrogen application frequency. 

cultivation, the percentage of recovery of applied N 

is low. One way to increase the efficiency is to split 

applications. 
Maize variety IPB-I was planted at 53 000 

plants/hainJuly 1982. All plots received PU at 100 

kg N/ha. Treatments, applied on the soil surface, 

included full application at planting (each hill); and 

Yield i/ho) 

IPB-1
 
6 Hybri P1-6181
 

4.:
 

0 53000 64000 80000 

Plant density (kg/ha) 

!.A comparison of a maize hybrid (PI-6181) and an open
 

pollinatedvariety(IPB-I)atthreeplantdensities, meansoffour 

N fertilizer levels and four replications. IRRI, 1982 WS. 



Yield /ha) 

2.5 Pu 

SCU
 

USG 

RRM2.0 

15 

1.0

50 0150 	 50+100 10050 50+50+50 

Applied basally 8 30 DE Basal, 30 DEAll applied bsalY 8 oftassel 

2. Effect ofsources, rates, and methods of N application on maize grain yields of IPB-I. IRRI, July-October 1982. 

Yield t/ho) 

the recommended application of three splits at 

planting (each hill) 30 DE (base of each hill), and at 

tasseling (base of each hill). Eight other treatment 

combinations, in which frequencies were increased 

to four splits every 18 d, six splits every 11 d, eight 

splits ever 8d,and 10 splits every 6 d,were placed 

at the base of each hill on the soil surface or 
incorporated into the soil. In the combination 
treatments, the first application was made 7 DE; all 

applications were made at the base ofeach hill. The 
10 treatments were placed in a randomized com-
plete block design with four replications. Weeds 
and insect pests were adequately controlled. 

The single application at planting was clearly 

inferior (Fig. 3). Thre applications were almost as 
beneficial as the more frequent applications, 

especially when the fertilizer was surface-applied. 
Soil-covered, frequent applications increased yields 

significantly, but only by 0.5 t/ha, on the average. 

Yield from the three-split application was only 10% 

(0.5 t/ha) less than the mean yield of the soil-

covered, frequent applications. 
Maize response to nitrogen, phosphorus, and 

potassium. Although maize grown in the WS has a 

8 

6 

4
 

2 

0 l0 3b 4c 6c Bc 1o
FrequenCy of split 

a All at planting
 
b1/3,1/3,1/3 at planting; 30 DE and tasseling
 

C At 18,11,8, and 6-d intervals, starting at 7 DE
 

3. Effect of number of split N applications on maize (IPB-l) 
grain yield. IRRI, 1982 WS.
 

pronounced response to N fertilizer, its response to
 

P and K fertilizer in the new dryland portion of the
 

IRRI farm has not been carefully evaluated.
 
An experiment was conducted to evaluate maize 

surface 
Urea (100kg N/ha) applied and covered 
-urea(100 kg !/ho) applied on soill 

c
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response to P fertilizer applied in combination with 
N fertilizer. Kwas applied only at the maximum N 
and P fertilizer rates. 

Maize variety IPB-I was planted at 53000 
plants/ha in June 1982. Total N in the plow layer 
was 0.13%; Olsen P was 26 ppm; and exchangeable 
Kwas 1.3 meq/100 g air-dried soil. Nine treatments 
consisted of ali factorial combinations of three N 
levels (0, 50, and 100 kg/ha) and three P levels (0, 
13, and 25 kg/ha). To determine the response to K, 
a tenth treatment, 100-25-49 kg (N, P, K)/ ha, was 
applied. The N source, ammonium sulfate (AS), 
was applied in three splits (at planting, 30 DE, and 
at tasseling). The P (ordinary superphosphate), 
and K (muriate of potash) materials were soil-
incorporated at planting. A randomized complete 
block design with four replications was used to 
compare the treatments. 

P, alone or in combination with N, did not 
increase yields; neither did K. However, a signifi-
cant response to N gave an additional 1.4 t/ ha from 
100 kg N/ha. Corresponding to 0, 50, and 100 kg 
N/ha, the mean yields over replications and P 
levels were 1.4, 2.4, and 2.8 t/ha. For the yield 
levels obtained in this experiment, soil P and K 
were obviously adequate. 

Wet- and dry-season maize responses to N rate 
and application timing. To study seasonal varia
tions in maize yield response to N rates, experi-
ments were conducted in January 1982 (DS) and 
May 1982 (early WS). Open-pollinated variety 
IPB-I was planted at a population of 49 (O/ha. 

In experiment 1, treatments included a zero-N 

control and all factorial combinations of three 
rates of AS (40, 80, and 120 kg N/ha) and four 
application tinings: 1) all at planting; 2) half at 
planting and half 30 DE; 3) one-third at planting, 
one-third 30 DE, and one-third at tasseling; and 4) 
one-sixth applied at 5-d intervals from 3 to 6 WE. 
In experiment 2, the plots were halved. To deter-

mine residual effects from experiment I applica-
tions, one half did not receive N fertilizer. The 

other half received the N treatments in experi-
ment 1. 

Mean yields from experiment I and the residual 
component in experiment 2 are shown in Figure 4. 
In both seasons, where N fertilizer was applied 
directly, rate and timing and the interaction had 
significant effects. Without N fertilizer, DS yields 
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were about twice as high as the WS yields. The DS 
yield maximum was also clearly higher than the 
WS maximum. The WS yield plateau of about 
3.75 t/ ha was achieved within the treatment range. 
In the DS, the yield plateau appeared beyond 
120 kg/ ha even with the most efficient apjEi:ation 
timing (Fig. 4). 

Frequent N applications were most advanta
geous at the low and intermediate rates during the 
WS. Full application at planting was less efficient 
in the WS when leaching and denitrification losses 
are greater. Although the residual treatments 
showed expected trends, the variability in the 
absence ofdirect N application was high (CV=36%) 
and statistical tests were insensitive. The residual 
effects of 40 and 80 kg N/ha applications were less 
than 0.2 t/ha. The mean residual of 120 kg N/ha 
was 0.8 t/ ha. 

Yield potential of dry season-planted maize in 
the tropics. Low maize yields in the WS are 
probably caused by low solar radiation, poor N 
efficiency, flood damage, and wind damage. How
ever, in areas where partial irrigation is available 
during the DS, maize can be planted when solar 
Yield (I/ha) 
6 

5 -
Dry season 
(Jon-Apr 1982) 

4 

3 

2 (May-Aug 1982) 

0 All basl ot planting
 
V 1/2 at planting, 1/2 at tasseling
 

1 V]/3 each at olanting,30A S,and tasseling
 
0 6 splits, at 10 day intervals starting 15DAS
 

0 1 
0 40 80 120 

NFertilizer (kg/ha) 

4.Direct effects of Nfertilizer on maize grain yield. IRRI, 1982. 



radiation is high and typhoon hazards are low. 

Experiments to examine the yield potential of 

maize and yield sensitivity to selected management 

variables were conducted during the DS. In one 

experiment, conducted in 1981 DS and repeated in 

the 1982 DS, the effects of N fertilizer and 

irrigation management were examined. In a second 

experiment, pairs of cultivars, fertilizer levels, knd 

plant densities were compared. 
In the fertilizer-irrigation experiments, a maize 

hybrid (Hycorn 9) was overseeded and thinned to 

60 000 plants/ ha on 50-cm row centers. Two 

irrigation treatments were applied to the main plot 

(I, = irrigation at planting and at 26 and 56 DE; 12 

= irrigation at planting and at 26, 42, 56, and 70 

DE); fertilizer treatments were applied to 5- X 6-m 

subplots (Table 1). The 1981 trial was planted in 

March and the 1982 trial in January. In both years, 

seed was treated with ridomil; adequate protection 

against insects and weeds was maintained. The soil 

contained 0.14% N and 34 ppm available P 

(Olsen); exchangeable K was 1.3 meq/ 100 g air-

dried soil. 

In both years, the extra two irrigations did not 

increase yields statistically. However, statistical 

tests were insensitive and not expected to detect 

yield increases of only 0.4 to 0.6 t/ha found in these 

experiments. Tne results showed that, with only 

three irrigations, yields exceecing 7.5 t/ha were 

obtainable when N was not limiting, suggesting 

that yield responses to more frequent applications 

would be small. The analyses also indicated that 
did not alter the responseirrigation frequency 

pattern of maize to applied N. 
In both years, the yield variation was clearly 

dominated by N level. The yield response to 240 kg 

N/ha was 4.4 t/ ha, 77% of which was accounted 

for by the initial 80 kg N/ha. Furthermore, split

applied N (basal and side-dressings) increased 

yields no more efficiently than side-dressed N. The 

results suggested that, at low N levels, side

dressings alone may be more efficient than split 

applications. 
In the second experiment, a hybrid (Pioneer 

6181) was planted at 53 000 plants/ ha and an open

pollinated variety (IPB-I) at 80 000 plants/ha in. 

Table 1. Maize yield as affected by irrigationg and rate and time of N application. IRRI, 1981 and 1982 MS. 

N rate 
(kg/ha) 

0 
80 
80 

80 
80 

160 
160 

160 

160 


240 

Time of application 

All at planting 
Half at planting and 

half 25 DE 
All at 25 DE 
Half at 25 and 
half 41 DE 

All at planting 
Half at planting and 
half 25 DE 

All at 25 DE 
Half at 25 and 
half 41 DE 

Half at planting 
and half 25 DE 

Mean 
CV on main plots 
CV on subplots 
Main plot (irrigation 
regimes) mean square 

Subplot (N rates) 
mean square 

8 1 = irrigated at planting and 26 and 56 DE. 12 
1


Yield t/ha) 

1981 	 1982 Mean 

I1 12 I1 12 

3.3 3.94.5 5.0 2.8 
6.7 7.1 7.4 7.3 7.1 

7.4 7.06.6 6.8 7.0 

7.7 7.57.3 7.3 7.8 
7.0 7.7 7.5 7.9 7.5 

7.87.1 7.8 7.8 8.3 
a.o 7.67.1 8.1 7.2 

7.87.3 7.9 7.5 8.3 
7.57.2 7.7 7.4 7.8 

9.1 8.37.6 8.3 8.2 

7.5 7.27.8 7.4 7.1 
12% 	 9%
 
6% 
 6% 

3.2 ns4.5 ns 

14.2*4.9** 

= irrigated at planting and 26,42,56, arid 70 DE. 
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January 1982. Fertilizer was applied at 100-18-33 

and 300-44-43 (N, P,K) kg/ha. One-third of the N 

and all P and K were applied at planting. One-third 

of the N was applied at 30 DAS and at tasseling. 
wereAdequate insect and weed control measures 

applied. The cror was irrigated three times (30, 55, 
wasand 86 DAS). Tie duration of Pioneer 6181 

109 d and that of IPB-I 103 d. The soil contained 

0.14% N, 36 ppm available P (Olsen), and 1.2 meq 

exchangeable K/ 100 g air-dried soil. 

Mean grain yields are shown in Figure 5. The 

main effects of all factors were highly significant, 

but all interactions were not significant. Across 
and fertilizer levels,replications, plant densities, 

than the open-the hybrid yielded 0.6 t/ha more 

pollinated variety. Yield was increased 1.1 t/ha by 

the high fertilizer level and 0.8 t/ha by the dense 

plant population. The hybrid yielded the highest 

(7.9 t/ha) at 80 000 plants/ha and at the high 

fertilizer application, 
It was obvious that the yield potent; of modern 

maize hybrids exceeds 8 t/ha dTr .g tropical DS 

Maize responded ,Ignificantly to Nconditions. 
fertilizer, but plant population also was important 

wereto high yields. Although maximum yields 

obtained at the highest N treatment (240 kg N/ha), 

87% of the maximum was obtained from 80 kg 

Yield (t/ha) 
10 

wa-i 

Hybrid 6181 

8 

6 

3004443 10018-533 300-44-43 
I---53300 pons/ho -" 
1001833 

- 8000(0 plontlslh'J---

Fertilizer level (kg NPK/no) 
1984 DS5.Effect of fertilizer and plant density on rnaize yields. IRRI. 
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N/ha. Moreover, when N application was omitted 

at planting, 80 kg N/ha produced 90% of the yield 

obtained from 240 kg N/ ha. 

Effect of preceding dry-seeded rice and mung

bean on maize yield. The first crop of a two-crop 

sequence can alter soil N availability for the second 

crop. The alterations caused by dry-seeded rice 

(DSR) and mungbean preceding maize were com

pared. Mungbean (Pagasa) and DSR (IR50) were 

planted on 4 Sep. DSR was fertilized with 100 kg 

N/ha. The two crops formed the main plots in a 

for the maize crops. Thesplit-plot design used 
mungbean yielded 0.65 t/ ha and the rice, 2.6 t/ ha. 

Before plowing for the maize crop, the rice and 

were removed. Maizemungbean crop residues 
(IPB-I) was overseeded on 19 Dec and thinned 

10 DE to obtaina population of 53 000 plants/ha. 

All factorial combinations of N rates (50 and 

100 kg/ha) and application timings (allat planting, 

half at planting and half at 25 DE, and weekly 

applications to each hill over 10 wk) and a control 

(no N fertilizer) were compared. The experiment 

was replicated four times. 
Mean yields are shown in Figure 6. Yields of 

maizeafter DSRwere0.5t/ha lower than those of 

maize after mungbean. N rate and timing, but not 

their interaction, significantly influenced maize 

Maize yield (t,',a) 

iMungbean 

U DSR 
6. 

5 

4 

0 Control 50 100 50 100 50 100 
-
IIo plnig I Sli ---


SlitAll l pantig Weekly 

efficiency in e (IP-I)."ropIRRI.(mungbeanl or DSR) on N6.EffectX of aiaiXpreceding 1982 DS. 



yields. N fertilizer management variables did not 

interact with the effects from the preceding crops. 

Split and weekly applications increased yields 

more effectively than the single application at 

planting. 

SORGHUM MAIN CROP AND RATOON 

MANAGEMENT 


By ratooning sorghum, labor for tilling and plant-

ing the second and third crops is eliminated, and 

time between crops is saved. In 1982, several 

experiments examining the effects of various man-

agement practices on grain yield of main and 

ratoon crops were completed. 
Effects of plant density and cutting height. Three 

experiments were conducted to compare the effects 

of plant density (200 000, 300 000, or 400 000 

plants/ ha) and cutting height (ground level, one 


node above ground, or three nodes above ground) 


on the main crop and ratoon grain yields of three 


grain sorghum cultivars (Cosor 3, UPL SG5, and 


CS 110). The crops were planted in April and 


September 1981 and January 1982 to expose the 


main and the ratoon crops to different solar 

radiation regimes. The respective second ratoon 

crops were harvested inMarch,July,and gecem-

ber 1982. The solar radiation regimes are given in 
Figure 7. 

Except for seasonal weather differences, the 

e :r:its were identical. Four replications in a 

split-split plot design with cultivars in main plots, 

plant densities in subplots, and cutting heights in 

Solar radiation (cal/cm 2 per d) 

800 


U Harvest of main crop 

of first rato. crop
700 -Harvest 


T Harvest of second ratoon crop 


600-

Jan 1982 planting 


Sep 1981 planting500 a 


400 

300-


1981 planting200-


7 8 9 10 11 120 1 2 3 4 5 6 

Months after planting the main crop 

7. Seasonalradiationpatternsforsorghumexpeimentsplanted 
on three dates. IRRI, 1981-82. 

sub-subplots were planted on each date. 

Fields for these experiments were thoroughly 

plowed and rotovated. A broadcast application of 

60-13-25 kg (N, P, K)/ha was incorporated before 

the final rotovations. An additional 30 kg N/ha 

was side-dressed on the main crops before hilling 

up (27 DAS). Side-dressings of 50 kg N/ha were 

applied to the ratoons before hilling up. The main 

crops were overseeded at 60-cm row widths, and 

thinned to the required plant densities between 14 

and 21 DAS. Main crops were irrigated after 

seeding and again at flowering. Ratoons were 

irrigated immediately after harvesting. Weeds, 

insect pests, birds, and diseases were adequately 

controlled. 
The analyses of variance on the grain yields are 

summarized in Table 2. Cultivar effects were 

significant on all yields except those of the main 

crop from the January planting and the first ratoon 

crop from the April planting. The yields are 

summarized in Figure 8. Cosor 3 outyielded CS 

110 and UPL SG5, except in the January planting, 

when the main crop yields from the three cultivars 

averaged 4.9 t/ha. In all cases, Cosor 3 first and 

second ratoon yields were eqtal or superior to 

Table 2. Summary analyses of variance on sorghum grain 

yield data A IRRI, 1982. 

SepJan AprSource 
Main crop 

Cultivar (C) ns 
Plant density (P) ns* 

ns
CXP ns ns
 

st ratoon 
C ns 

P ns ns 
CXP ns ns* 


ns ns * Cutting height (H) 
ns nsHX C 
ns nsHXP ns nsH X P X C 2nd ratoon 

C 
p ns ns 

CX P ns ns ns 

CH ns ns 

H X C ns ns 
ns ns

HX P ns 
HXPXC_________ 

ans= not statistically significant, * = significant at the 5% 

probability level, = significant at the 10% probability 

level. 
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________________ 

Total yield (I/ho) 

2d ratoon 
10- ist rotoon 

i csecond 

8-

2-

Sep Jon Apr Sep
,Jon Apr Sep Jan Apr 

o A p pp 

I--- Cosor 3----A -CS11O-----i -- UPL SG5--'q 

8. The total yield from the main crop and first and second 

ratoons of the best variety (Cosor 3)exceeded 8 t/ha from the 

January, April,and September nlantings. Populations in excess 

of 200,000 plants/ha and cutting height had only small 
influences on total yield. IRRI, 1982. 

corresponding ratoon yields of the other cultivars. 

Ratooning superiority of Cosor 3 was most notice-

able in the third harvest, especially in the January 

planting. 
Plant density affected the main crop yields from 

the January and April plantings and the ratoon 

yields from the September planting (Table 3). The 

main crop yields had negative responses to plant 

densities exceeding 300 000 plants/ha, suggesting 

that only minor crop yield increases, if any, can be 

expected when densities exceed 200 000 plants/ ha. 

The effects of ratoon management variables of 

primary interest in this study were not consistent 
across plantings nor were they consistently of 

major agronomic importance even though statis
tically significant. At high densities, yields from the 

ratoon of the April planting and the first 

ratoon of the September planting we!re slightly 

greater (Table 4). Moreover, the only significant 

cultivar-plant density interaction was found in first 

ratoon yields of the April planting. This interaction 

was attributed to declining yields (2.5 to 2.1 t/ha) 

as the population of CS I l0 increascd from 200 000 

to 400 000 plants/ha, whereas the yields of the 

other cultivars fluctuated irregularly within a 
plant densitiesnarrow range (2.4 to 2.6 t/ha) as 

increased. Although a yield advantage for the 
ratoon crop may come from a main crop popula

tion of 300 000 plants/ ha, the inconsistent and low 

responses create doubts for the practice. 
There was evidence that cutting height interacted 

with cultivar. As cutting height increased, Cosor 3 

yields significantly increased in the first ratoon of 

the January planting and the second ratoon of the 

April planting (Table 5). The other two cultivars 
exhibited small increases, decreases, or no changes 
as cutting height increased. The significant cutting 
height-plant density interaction in the first ratoon 

yields of the January planting arose from a minor 

deviation in the general trend of increased yields 

Table 3. Main-crop sorghum yields as affected by plant 

density and planting date. a IRRI, 1982. 

Yield (t/ha) of crop planted in
Plant density 

(1000 plants/ha) Jan Apr Sep 

200 4.9 ab 3.6 a 2.3 a 
300 4.0 a 3.4 a 2.2 a 

b 3.2 b 2.1 a400 4.8 

aAv of four replications and three cultivars. 

Table 4. First and second ratoon sorghum yields as affected by plant density and planting date.8 IRRI, 1982. 

Yield Ct/ha) 

Plant density Jan Apr Sep Mean 

(1000 plants/ha) 
2nd ratoon 1st ratoon 2nd ratoon

1st ratoon 2nd ratoon 1st ratoon 2nd ratoon 1st ratoon 

1.8
1.6 a 1.2 a 2.4a 2.2 b 2.4 b 2.1 a 2.1

200 
2.5 a 2.9a 2.2 a 2.3 2.0 

300 1.6 a 1.3 a 2.4 a 
2.3 a 2.5 a 3.Oa 2.2 a 2.3 2.0 

400 1.7 a 1.3 a 

aAv of four replications of three cutting heights. 
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second ratoon crops of three sorghum cuIltlvars as affected by cutting height and
Tae 6. Yields from the first and 
planting thee date. IRRI, 1982. 

Cutting height 
(nodes above Cultivar Jan 
ground level) 

1st ratoon 2nd ratoon 

0 	 Cosor 3 1.7 2.3 
CS 110 1.3 0.6 
UPLSG5 1.9 0B 

1 	 Cosor 3 18 2.3 
CS 110 1.3 0.7 
UPLSG5 18 0B 

3 	 Cosor 3 2.1 2.2 
CS 110 1.1 0.8 
UPLSG5 1.7 0.7 

8Av of four replications and three plant densities. 

from increased plant density. Similar minor devia-

tions from general trends were also the source of 

the significant cultivar-plant density-cutting height 

interaction in the first ratoon grain yields of the 

January planting. Although such interactions were 

interesting, they were agronomically small for the 

most part and of doubtful repeatability, 
Cosor 3 was superior to both CS 110 and UPL 

SG5 in total yields over the three harvests. A 

September planting was least favorable for all 

cultivars. Apparertly, the low main crop yields 

from April and September plantings were attri-

butable to low solar radiation levels (Fig. 7, 8). 

Ratoon yields from the April and September 

plantings, although equal to or only slightly less 

than main crop yields, did not compensate for 

lower main crop yields. Plant densities exceeding 

200 000 plants/ ha and a cutting height at the third 

node above the ground resulted in a ratoon yield 

advantage, but were not clearly superior to 200 000 

plants/ ha and a cutting height at the first node. 

Plant density, row width, and ratoon cutting 

height. An experiment was conducted to examine 

the effects of plant density (1003000, 200 000, 

300 000, or 400 000 plants/ ha) and row width (40, 

60, or 80 cm) on main crop and ratoon yields and of 

cutting height (ground level or three nodes above 

ground) on ratoon yields. The field was thoroughly 

plowed and rotovated and the main crop received a 

blanket application of 60-13-25 kg (N, P, K)/ha 

before the last rotovation. Cosor 3 was overseeded 

and thinned to the required plant densities at 19 

Yield (t/ha) 

Apr 	 Sep 

1st ratoon 2nd ratoon 1st ratoon 2nd ratoon 

2.3 2.3 2.8 2.8
 
2A 2.6 2.9 1.7
 
2A 1.7 2.2 2.3
 

2A 2.7 3.0 2.6 
2.2 2.4 3.0 1.6 

2.12.6 2.1 2.5 

2.5 3.1 3.1 2.8 
1.72.3 2.5 3.2 
2.22.4 2.3 2.2 

DAS. Befo.: hilling up, 30 kg N/ha was side

dressed on the main crop at 22 DAS, and 50 kg 

N/ha on each ratoon. Planting took place in April 

1981 and 	 the second ratoon was harvested in 

February 	1982. The main crop was irrigated after 

seeding and again at flowering. Each ratoon was 

irrigated immediately after harvesting. 
Weeds were controlled by a preemergence herbi

cide, hilling up at 22 DAS, and occasional hand 

weedings. 	Crops were adequately protected from 

insect pests, diseases, and birds. Four replications 

in a split-split plot design were planted with plant 

density treatments in main plots, row-width treat

ments it subplots, and cutting-height treatments in 

sub-subplots. 
Separate statistical analyses were conducted. 

Yields were affected by only plant density in the 

main crop; by row width and cutting height in the 

first ratoon; and by row width, cutting height, and 

their interactions in the second ratoon. 

The effect of plant dernity did not carry over 

from the main crop although trends were visible. 

Its effects on overall yield suggested that no yield 

gain would result from high plant densities, at least 

for an April planting. 
Although 	cutting height only slightly affected 

first ratoon yields, it% influence was strongly 

expressed 	on the se .ond ratoon yields (Table 6). 

The significant row width - cutting height inter

action in the second ratoon was attributed to the 

irregular mean grain yields from the 3 widths when 

cut at ground level. Although the yields of both the 
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ratoon sorghumTable 6. Yields of the first and second 

crops as affected by row width and cutting height.8 IRI, 

1981 April planting. 


Row width Yield of sorghum cut at 

(cm) Ground level Three nodes above Mean 

ground level 

_-

2.3a2.2.240 
2.6 2.5 b

60 2A 
80 2.4 2.6 2.5 b 
Mean 2.3 a 2.5 b 

2.3a2.91.740 2nd ratoon 
2.6 b60 2.4 2.9 

80 2.1 2.6 2.4 a 
Mean 2.1 a 2.8 b 

OAv of four replications and four plant densities. 

first and the second ratoons were comparatively 

insensitive to the range of row widths, cutting the 

crop at three nodes above the ground produced . 
more strongly expressed in ,eyield advantage

yields. This parallels the cuttingsecond ratoon cuttig 
in the second ratoonobserved 

from the April planting in the experiments 
height response 

described earlier, 
Nitrogen fertiliLer management for ratooning. 

Two experiments were conducted to compare the 
effects of N maagement (timing, placement depth, 

and source) on ratoon yields. Fields for both 

experiments were thoroughly plowed and roto-
broadcastvated, 60-13-25 kg (N, P, K)/ha was 

applied before the last rotovation, and cultivars 

were overseeded in 60-cm row widths. The test 
plots were thinned to 300 000 plants/ha at 18-19 

DAS. At 3 WAS, Nwas side-dressed before hilling 
birds, and insects were adequatelyup. Weeds, 

The main crop was irrigated after
controlled. 

seeding and again at flowering. Each ratoon was
ater haresting.N 
irrigated immediately after harvesting. 

In the first experiment, the experimental factors 

irrigatd immedately 

were: 

" time of N application relative to harvest date 

DBH, the day of harvest, or 6 DAH),
(6 D(20 

" the proportions of 60 kg N/ha applied 6 DBH 
and at PI of the ratoon crop (one-third near 
the harvest date+ two-thirds at PI, two-thirds 

near the harvest date + one-third at PI, or all 

near the harvest date), and 

9 placement depth (on the soil surface or 10 cm 
deep and 5 cm to the side of the row). 

These treatments were applied to the main plots, 

subplots, and sub-subplots of the split-split plottimes.__Cosor_3_was 

experiment and replicated four times. Cosor 3 was 

the second ratoon wasplanted in June 1981; 

harvested in April 1982. The mean main crop yield 

was 3.3 t/ha. 
Statistical analysis indicated that only changes in 

near thethe proportion of N fertilizer applied 
harvest date and at PI affected first ratoon yields 

(Table 7) and only N placement depth affected 

second ratoon yields (Table 8). The benefit from 

deep placement in the second ratoon may be 
attributed to a lack of moisture in the surface soil 

during the DS, which would reduce the availabi!-ty 

of surface-applied N.
 
The crop in the second experiment was planted
 

in April 1981 and the second ratoon was harv:-ted
 

in March 1982. Experimental factors were:
 

First and second ratoon sorghum yields as influ-Table 7. 

anced by the proportions of 60 kg N/ha applied near har
vest end at P1. IRRI, 1981 WS. 

__1981_WS. 
_andatP_._I____'lest 

Yield a (t/ha)Proportion 

applied at 1st ratoon 2nd ratoon Totel b 

Harvest Pl crop crop 

1/3 2/3 1.9 b 1.5 a 6.7 
7.02/3 1/3 2.3 a 1.5 a

1.6 a 7.0All - 2.1 ab 

cv (% 
-17 22 

aAv of four replications. blncludes 3.3 t/ha from the main 

crop. 

Table 8. First and second ratoon sorghum yields as influ
enced by N placement depth on the ratoon crop. IRRI, 

1981 WS. 

YieldN (t/ha)placement ________________ 

depth 1st ratoon 2nd ratoon Totalb 
crop crop 

1.2 b 6.6On soil surface 2.1 a 
a 1.8 aDeep placement 2.1 7.3 

cm) beside 
the row 

cv % 
15 28 

iAv of four replications and six N proportions - timing 

treatments. blncludes 3.3 t/ha from the main crop. 
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or AS), .ii,- 9. Main and ratoon yields of sorghum cultivars.
* N fertilizer source (USG 

IRRI, 1981 April planting.
o cultivar (Cosor 3 or UPL SG5), and 


" cutting height (ground level, 1 node above Grain yield' (t/ha)
 
ground, or three nodes above ground). Cultivar 

2nd ratoon TotalThe last two factors were included to identify Main 1st ratoon 

po'sible interactions with N sources. The ratoon c 
1.9 b 7.1UPLSG5 2.8 b 2.4 a crops received 50 kg N/ha from one of these 

Coor 3 3.a 2.5a 2.9a 8.7 
sources just before hilling up. 

Neither cutting height nor N source affected the 12 28 ;14 

yield of either the first or second ratoons. Yields 

from the main and second ratoons, however, were 
significantly affected by cultivars (Fable 9). 

experiment.From the experiments, it was concluded that the 
firs the andxperents te will were significantly affected by variety andwsconlded useNYields 

first ratoon, and perhaps the second, will use N 
fertilizer more efficiently when two-thirds or more 
of a 60kgN/hatotal application isapplied withino6 
DBH. For ratoon yields, deep N placement isnot 
clearly more efficient than surface application, 

CULTURAL MANAGEMENT PRACTICES ON WHEAT 

PLANTED AFTFER RICE 

Wheat was tested as an alternative crop to grow
after WS rice when annual temperatures are 

lowest. The cultural requirements of wheat in the 

tropics have not been well determined. Alternative 

cultural practices were tested in three experiments 

planted at the IRRI farm in January 1982. 
In the first experiment, factorial combinations 

of three tillage levels (zero, two, and four rotova
and three planting methods (dibbling,tions) 


drilling, and RIP injection) were compared in a 

split-plot design with four replications. The variety


splt-potdesgn3 
Trigo Iwas seeded in rows on 30-cm centers at 120 

kg/ha, and fertilized with 90-17-34 kg (N, P, 

K)/ha. The crop was chemically protected from 
insects, diseases, and weeds. Irrigations were 
applied at planting, tillering, and flowering. 

Neither tillage nor planting method, nor their 
interaction, influenced yields. The CVs were 9%for 

the main plot and 10% for the subplots. Mean yield 
over all treatments was 1.8 t/ha. 

In the second experiment, the effects of irrigation 

timing were compared for Trigo I and Trigo 2. 

Plots were irrigated at 15 DE, tillering, booting, 
and flowering; at 15 DE only; at tillering only; or at 
booting only. A fifth treatment was unirrigated. 

Seeding rates, row widths, fertilizer rate, and crop 
protection were identical to those in the first 

irrigation timing and their interaction. Trigo 2 was 
the overall high yielder (Fig. 9), and it responded 
most to the high irrigation intensity (2.1 t/ ha). Of 
the three single irrigation treatments, applications 
at tillering and booting were more effective than 

those at 15 DE, 
In the third extperiment, the responses of Trigo I 

to N and P applications and seeding ratcs were 

determined. All factorial combinations of three N 
rates (40, 80, and 120 kg/ha), three P rates (0,30,
and 60 kg/ha), and an unfertilized control were 

l zed hal were
anAand man 

planted in main plots. All the P and half the Nwere 

Yield (/ho) 

|rigo
 
25 - Trigo 2 

Legend.Treatment 

I Rainfed (Control check) 
2o - 2 One irrigation at 15DE 

One irrigation ot tillering stage 
4 One irrigation at booting stage 

irrig,and
5bootingurflowering 

15 

1.0

05 

2 3 4 5 
Irrigation treatment 

9.Yields of two wheat varieties given five irrigation treatments. 

means over four replications. IRRI. 1982 DS. 
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incorporated just before planting. The remaining 

N was applied at PI. Seeds at 100, 150, and 250 

kg/ha were drilled in subplots in 30-cm wide rows. 

The experiment was irrigated at planting, 15 DE, 

til!ering, booting, and flowering. Pests were 

chemically controlled. 
Neither P nor seeding rate increased yields. The 

first 40 kg N/ha produced a sharp yield increase, 

but the last 40 kg produced no additional inrease 

(Fig. 10). 

To obtain the highest wheat yields after rice on 


the IRRI farm, irrigation should be frequent, 80 kg 

rate
N/ha should be applied, and the seeding 

should be 10Q kg/ha. No P isneeded. The RIP can 

be successfully used in a zero-tillage situation. 

INTERCROPPING OF MAIZE AND SOYBEAN 

Crop yield sensitivity to soybean varieties of 
plantdiffering growth characteristics and to 

density changes. Three soybean cultivars of dif-

ferent origirs (Acc. 2120 from Taiwan, SJ-2 from 

Thailand, and UPL SY-2 from the Philippines) and 

growth characteristics were intercropped with 

maize (IPB Var 1). In the intercrops, combinations 

of two soybean populations (200 000 and 300 000 

plants/ ha) and two maize populations (20 000 and 

40 000 plants/ ha) were tested factorially with the 
soybean varieties. For the population treatments of 

both crops, distances between rows were constant; 
were obtained by

the population differences 

adjusting the number of plants per row. Maize was 

Yield (/ha) 
310 

2 

0 
80 1200 40 

N - level (kg/ha) 

10. Yield response of wheat (Trigo 1)to N fertilizer. Means over 

four replications, three P rates, and three seeding rates except at 

0 N,whichisthemeanoverreplicationsandseedingratesonly 

IRRI, 1982 DS. 
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planted in rows on I50-cm ccnters. Two soybean 

rows were planted between the maize rows, 50 cm 
from each other.from the maize and 50 cm 

Monocrops of the soybean varieties (300 000 

plants/ ha) and maize (53 000 plants/ ha) were also 

grown. 
The experiment was replicated three times in a 

cropsrandomized complete-block design. The 

were planted in late December 1981 and harvested 

in mid-April 1982. Weeds, insects, and diseases 

were chemically controlled. The experiment was 

also hand weed:d twice (1 and 4 WE). Before 
was broadplanting, 20-13-33 kg (N, P, K)/ha 

casted and incorporated. In addition to the basal 

application, seed-furrow applications of 20 kg 

N/ha were added to the maize. A side-dressing of 

30 kg N/ha was applied at 4 WAS and at tasseling. 
soybean plant populationNeither maize nor 
soybean yields. Althoughdifferences influenced 

reduced yields considerably, Acc.intercropping 
2120 and SJ-2 significantly outyielded UPL SY-2 

(Fig. 11). 
In monocropping and intercropping, Acc. 2120 

produced significantly more pods per plant than 

SJ-2, and SJ-2 more than UPLSY-2. Reductions 

in pods per plant in intercropping averaged 31%. 

Between monocrops and interciops, the difference 

(/ho)
Soybne yiel 

14 see 

-ntecropped
K 

12 

10 

08 

06 

04 

02 

SJ-2 UPLSY-2Ac 2120 

11. Yields of three monocropped and intercropped soybean 

vaneties. Means of three replications. IRRI, 1981-82 DS. 



in seed number per pod was insignificant, but 
among culti Ars, variations were significant. The 
cultivars differed significantly in l0-seed weight. 

Within the intercropping treatments, maize 

yields were significantly (P=0.01) affected by the 
interaction of soybean variety and population, but 

not by the main effects of any other factors or their 
interactions (Fig. 12). The average maize mono-
crop yield (3.6 t/ha) was significantly higher than 
the average intercrop yield (2.5 t/ ha).

Comparative performance of soybean varieties. 

Twelve soybean cultivars were intercropped with 

maize (IPB-I) and, for comparative purposes, the 
soybean cultivars and the maize cultivar were also 
monocropped. The cultivars were planted early in 

January and harvested in April. For soybean, 
30 000 plants/ ha were used in both treatments; 
for maize 40000 plants/ha were used in the 

intercropping and 53 000 plants/ha in the mono-
cropping. The fertilizer rate was 20-13-33 kg (N, P, 
K)/ha. Weeds, insects, and diseases were chemically 
controlled. The 25 treatments were replicated three 
times in a randomized complete-block design. 

Intercropping depressed all soybean cultivar 
yields (Fig. 13). Although the average yield of 
soybean intercropped with maize was 46% lower, 
soybean varieties interacted with the type of 

culture. Cultivars with superior yields in inter-
cropped cuture tended to have superior yields in 

Soybeanyield (I/ha) 
2.0
 

18

1.5 

-Intercropped 
1.2 -- Monocropped 

0.9 r 

iiiii~
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03 

O UPLSY-2 WilliamS Davis Vl AGS135 AGS17 


I-- Early I Medium 


Maize yield (t/ho) 

2120
JAc 

1 sJ-2
 
N UPL SY2 

3 

..2 .... 

..
..
. ..
. .
.
. .
 000\11 
1-001 

'X": 
0 I oo\o 

200000 300000 
Soybean population (ponts/ho) 

12. MaiLe yields when intercropped with three soybean varieties 

at two soybean plant populations. Means over two maize 
populations and three replications. IRRI, 1981-82 DS. 

monocropped culture. The rank correlation be
tween the two cultures was 0.79 (significant at 
P=0.01). Jupiter, monocroppe' and intercropped, 
yielded significantly higher than any other variety 
(Table 10). Yields from inteinropped varieties 
ranged from 0.34 to 0.83 t/ha. 

Yield had a significant positive association with 
number of pods per plant, days to flowering, and 
days to harvest. In the monocrops, pods per plant 

.......
i~~ ~ 

G9925 Acc2120 Ci'ribe Ecuador Alamo Jupiter 

Lt 

13. Yield of 12 intereropped and monocroppetd soybean varieties (early < 85 and late > 90 d). IRRI, 1982. 
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Table 10. Seed yields of 12 soybean varieties monocropped and intercropped with maize.8 IRRI, 1981-82 DS.
 

Yield (tJha) Pods/plant Seeds/pod 100-seed weight (g)
 

Variety 
Mono-

cropped 

Williams 0.69 de 
Davis 1.00 cd 
Alamo 1.32 b 
Ecuador 1.26 bc 
Jupiter 1.82 a 
VI 1.12 bcd 
Caribe 0.76 f 
AGS 135 0,76 ef 
AGS 17 0.89 def 
G9925 1.06 cd 
U.LSY-2 0.82 ef 
Acc 2120 0.89 def 

Mean 1.03 a 

Inter-
cropped 

Mono-
cropped 

Inter-
cropped 

Mono-
cropped 

Inter-
cropped 

Mn-Mono-
cropped 

ItrInter
cropped 

0.34 d 
0.56 bcd 
0.75ab 
0.67 abc 
0.83 a 
0.67 abc 
0.45 cd 
0.54 bcd 
0.53 bcd 
0.40 cd 
0.46 cd 
0.38 d 

11 e 
19 bcd 
22 bc 
17 bcde 
22 bc 
16 cde 
23 b 
14 de 
16 cde 
17 bcde 
14 de 
41 a 

9 c 
11 bc 
15 bc 
13 bc 
16 bc 
12 bc 
16 b 
9 c 

11 bc 
10 bc 
9 bc 

32 a 

2,00 ab 
2.04a 
2.15a 
1.88ab 
2.04 a 
2.08 a 
1.89 ab 
1.93 abc 
1.67 c 
1.76 bc 
1.93 ab 
1.99 ab 

2.00 a 
1.86ab 
2.12a 
1.81 ab 
1.97 a 
2.07 a 
1.84 ab 
1.88 ab 
1.66 b 
1.96a 
1.91 ab 
1.97 a 

14.8 ab 
12.6 cd 
12.6 cd 
15.2ab 
16.4 a 
12.0 de 
10.5 e 
13.9 bc 
14.8ab 
12.0 de 
15.2 ab 
5.0 f 

13.9 cd 
13.9 cd 
13.8 cd 
16.2ab 
16.6 a 
12.8 d 
11.0 e 
13.7 cd 
14.8 bc 
13.7 cd 
15.5 ab 

5.1 f 

0.55 b 19 a 14 b 1.94 a 1.93 a 12.9 b 13.5 a 

in tho bottom row) followed by the same letter ore not significantly different at 
AMeans in columns (excluding means 
the 5% level by Duncan's Multiple Range Test. Means in the bottom row followed by the same letter are not significant

ly different at the 5% level by Duncan's Multiple Range Test. 

varied from 11 to 41; in the intercrops, they varied 
from 9 to 32. Intercropping reduced the pods per 

plant about 30%. Seeds per pod varied significantly 
among the 12 varieties in both cultures. Differences 
in 100-seed weight among the cultivars were also 

significant in both cultures and between cultures. 

Although number of days to flowering and to 

harvest varied among cultivars, culture type did 

not alter duration significantly. Williams flowered 

earliest at 26 DE and Ace. 2120 latest at 45 DE. 

UPLSY-2 was the first to mature (78 DE) and 

Jupiter the last (101 DE). 
The competition from maize caused a 7-cm 

increase in plant height of the intercropped soy-

bean cultivars. At 75 DAS, mean dry matter yield 

of the intercropped soybean was only 0.1 t/ha 

greater than that of the monocropped, suggesting 
that competition with maize did not significantly 
inhibit vegetative growth of soybean. 

Monocropped maize yielded 4.6 t/ ha and inter-

cropped maize, 3.0 t/ha (averaged over inter-

cropped treatments). Intercropped maize yields 

ranged from 2.5 to 3.6 t/ha. A significant inverse 

trend between maize and soybean yields indicated 

crop competition. The average 34% higher yield of 

monocropped rr. .ize over intercropped maize 

could be partly attributed to the 33% higher plant 
population in the monocropped maize. 

Effect of maize leaf erectness and canopy 
adjustment. The effect of maize leaf erectness and 
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changes in the maize canopy on yield performance 
of soybean and maize was determined. Two maize 
varieties, SMC 201 (erect leaf) and SMC 203 

(normal leaf), were planted at 40 000 and 60 000 
plants/ ha. The soybean varietyJupiter was planted 

at 300 000 plants/ ha. Row distances were the same 

as those in the previous experiments. 
Within intercrop treatments, the maize canopy 

was unmodified, detopped above the car 24 d after 

silking, detasseled and defoliated below the ear 10 d 

after silking, or removed (the entire above-ground 

crop was harvested) 20 d after silking. 
done in June and harvesting inPlanting was 

September. The experiment, with three replica

tions, used a split-split plot design. It was arranged 

so that the maize monocrops (four treatment 

combinations of hybrids and populations) were 

included in the analysis of variance with the 

intercropped and canopy treatments. Soybean 

monoculture was handled similarly. 
Maize yields were significantly affected by 

population, hybrid, and canopy treatments (inter

cropping and canopy moditcations). Yields were 

also influenced by population-hybrid, hybrid

canopy treatments, and population-canopy treat

ment interactions. 
The effects of plant populations and hybrids and 

their interaction on yield are shown in Figure 14. 

The normal-leaf hybrid was higher yielding than 
the erect-leaf hybrid, especially at the higher plant 



0 

Maize grain yield (t/ho) 

SSMC-201 
6 - :: SMC-203 

4 

4treatment 
4oiz oulation 60nts/ho)00 (p 

14. Maize yield of two hybrids, SMC 201 (erect leaf) and SMC 

four 
203 (normal leaf), at two populations. Means oer 

treatments and three replications. IRRI, 1982 WS. 

For both hybrids, 60 000 plants/hapopulation. 
resulted in higher yields. 

Yields of the maize intercrops averaged 0.6 t/ ha 
lower than those of the monocrops (Table 11). The 

difference was greater at 60 000 plants/ ha. Among 
that with the lowthe intercropped treatments, 


population of plants detasseled and defoliated 


below the ear had the greatest yield depression. 
interaction was apHybrid-canopy treatment 

parent (Table 11). Both hybrids as monocrop 

yielded about equally well, but intercropping 

depressed SMC 201 yields much more than SMC 

203 yields. Within intercropped treatments, canopy 
hybrids depressed yieldsmodification of both 


about equally. 

affected byIntercropped soybean yields were 

maize canopy treatments and the maize population-
ofinteraction. Yieldshybrid-canopy treatment 

detopped maize were the least depressed; yields of 

the maize with unmodified canopy were the most 

depressed. 
maizeRegardless of the maize canopy, the 

hybrid, or the plant population, soybean yields 

were strongly depressed when intercropped. The 
1.41 t/ha, whereasmonocrop soybean yield was 

the highest yield among intercropping combina

tions was only 0.62 t/ ha. Across all intercropping 

treatments, soybean yields averaged only 32% of
 

the monocrop yield. No clear pattern was evident
 

to explain the maize popuziaion-hybrid--anopy
 
interactions. Because of major yield
 

depressions from intercropping, 4is doubtful that 
interaction would bie sufficiently strong toanyjustify exploitatiodn.
 

Whexition.
 
When intercrops with the two maize hybrid leaf 

types were compared, soybean yields did not differ 

significantly. Mean soybean yields were 0.51 t/ha 

with 40 000 maize plants/ ha and 0.40 t/ha with 

60 000 plants. The difference was not significant, 
but because the means came from the main plots, 

the statistical sensitivity for comparison was low. 

It was apparent that the maize and soybean 

crops were competitive because soybean yields 

decreased as maize yields increased. 

EFFECTS OF PREVIOUS SOIL MANAGEMENT,
 
TOPOPOSITION, AND TILLAGE LEVEL ON
 

MUNGBEAN AND SORGHUM
 

To determine the effects of tillage and planting 

combinations and puddling of the preceding rice 

crop on growth and yield of mungbean and 

sorghum planted after wetland rice in three topo

positions, a series of experiments was conducted 

a IRRI, 
Table 11. Maize yields from eight population-canopy type treatments and eight hybrid-canopY type treatments 

1982 WS. 
Maize yield (t/ha)Population (plants/ha) 

SMC 203 MeanMean SMC 20140000 60 000Canopy 

5.6 a 5.7 
5.0 bc 6.3 a 5.7 5.8 a 

Monocrop 54 b 5.1 4.8 b 5.4 a 5.1 
4.8 cIntercrop, unmodified c 4.7 b 4.4cd 4.4 4.14.2 de 4.6

Intercrop, detoppedb 4.3 4.0 c 4.6 b 4.3 
Intercrop, detasseled and defoliatedc 3.8 e 4.8 c 

4.7 5.1
4.4 5.3Mean 

aAv of three replicatiorns. bPlant tops above the ear removed 24 d after silking. CDetasseled and defoliated below the ear 

10 d aiia, silking. 
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on the IRRI drviand farms. The topopositions 
were represented by adjacent-level rice fields, with 

the highest level 43 cm above the intermediate and 

83 cm above the lowest. In each topoposition, the 

treatments were replicated four times in a split-split 

plot design. 
Puddling and nonpuddling were compared in 

the main plot, mungbean and sorghum in the 

subplot; and three tillage and planting combina-

tions in the sub-subplot. The tillage-planting 

combinations are described in Table 12. Because of 

their different moisture regimes, the high, interme-

diate, and low fields were seeded on different dates 

(Fig. 15). Because of heavy disease at the early-

flowering stage of mungbean, reliable data were 

not obtained from the lowest position. 

Mungbean (CES-I D) was seeded at 50- X 7.5-

cm plant spacings (267 000 plants/ ha) and sorghum 

(Cosor 3) seeded at 50- X 15-cm spacings (133 000 

plants/ ha). In the zero-tillage treatments, fertilizer 

was side-dressed at planting; in the high-tillage 

treatments, it was incorporated by the last harrow-

ing. Both crops received 40-18-33 kg (N, P, K)/ ha; 

sorghum received an additional side-dressing of 40 

kg N/ha at 30 DE. Butachlor (1.0 kg ai/ha) was 

applied at planting and was followed by two hand 

weedings. Azodrin EC was applied at 0.25 kg ai/ ha 

at 5 and 15 DE, and at 1.5 kg ai/ha at 35 and 

45 DE. The experiment was intended to be rainfed 

only, but to save crops from severe drought, 

30 mm water was sprinkler-irrigated on 15 Feb. 

Seasonal rainfall and class A Epan values are in 

Figure 15. 

Table 12. Grain and total dry matter yields of mungbean 
topositions. IRRI, 1982. 

Tillage-planting 
combinationa 

Zeco + RIP 
Zero + dibbled 
High 4-conventi nal 

Zero + RIP 
Zero + dibbled 
High + conventional 

High 

Grain yield, total dry matter yield, and cL.nges 
in the soil moisture profile to 100 cm (determined 
by neutron attenuation) were recorded. 

Across the three topopositions for both crops, 

neither grain yield nor total dry matter yield was 

influenced by puddling of the previous rice crop. 

Furthermore, tillage and planting treatments did 

not interact with previous puddling to cause any 

effects. 
Within the high and intermediate positions, 

mungbean was not affected by the tillage and 

planting combinations (Table 12). The lower 

mungbean yields in the intermediate position were 

caused by powdery mildew, which infected the 

crop during the early reproductive stage. 

Within the high position, sorghum grain yields 

were relatively low and not affected by tillage

planting combination (Table 12). The low yields 

were attributed to inadequate water. Within the 

intermediate and low positions, the yields from the 

high-tillage and mechanical-planting combination, 

although not high, were unexpectedly good under 

the limited water conditions. The low grain yields 

from the zero-tillage treatments were attributed to 

plant population reductions resulting from the 

poor aeration caused by heavy rainfall 10-14 DAS. 

Figure 16 shows that, across topopositions, 

there was a tendency for more water to be extracted 

from the previously puddled profiles than from the 

nonpuddled profiles. Mean initial and final soil 

water profiles under the puddled treatments were 

similar in the high and intermediate positions. 

Likewise, soil water profiles in the two positions 

and sorghum from three tillage-planting combinations at three 

Mungbean Sorghum Mungbean 

Grain yield (tiha) 
023 a 1.58a 0.48 a 
0B7 a 1.36 a 0.55 a 
0.91 a 1.53 a 0.59 a 

Total dry matter yield (t/ha) 
1.95 a 6.06a 2.14 a 
1.72 a 5.92 a 2.13a 

2.40 a1.97 a 4.86 a 

Intermediate Low 

Sorphum Sorghum 

1.27 b 1.84 a 
0.97 c 197 a 
2.69 a 2.45 a 

3.75 a 5.16a 
3.44 a 4.619 
4.04 a 5.66 a 

zero 

furrows made by ahandtractor drag stick; High + conventional - high xil
8Zero + RIP - zero tillage with seed placement by RIP (rolling injection planter); Zero + dibbled - tillage wilth 

seed placement by hand-drilling into narrow 
lage (three rotovations) with seed placement by a small hand-pushed mechanical planter into furrows made by a wo3d

an harrow. 
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16. Mean initial and final soil moisture profiles under sorghum and mungbean which had been planted on three topopositions in 

soils previously puddled or nonpuddled for wetland rice. IRRI, 1981-1982. 

wtere similar in the nonpuddled treatments. How-
ever, the initial and final soil water profiles inthe 
puddled an6 nonpuddled treatments were wetter in 
the low position than in the higher topopositions, 

especially below 60 cm. The higher water contents 

indicated that, in the low topopositions, water 

entered the soil profile by lateral movement from 

higher terrains, 

PRODUCTION POTENTIAL OF DRYLAND RICE 

RELAY-CROPPED INTO MUNGBEAN 

Under dryland rainfed conditions, early WS rain

fall is inadequate to start a dryland rice crop but 

can support a mungbean crop. To examine the 

potential of a mungbean - dryland rice cropping 

pattern under the variable WS rainfall common to 
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Los Bahos, two rows of dryland rice (IR43) were 

relay-planted between rows ofmungbean(Pagasa) 

at 45 DAS; on the same day, rice was also planted 

on fallow plots. Mungbean was planted following 

the first April rains. Two mungbean management 
Mungbean plantsalternatives were compared. 

were cut and relay-planted to rice rows after the 
or after the secondfirst priming (at 66 DAS) 

priming (at 77 DAS). The mungbean treatments 

served as main plots in a split-plot design replicated 

fourtimes. Four N fertilizer rates (0, 40 ,80, and 120 

kg/ha) were used as subplot treatments. Half theN 

was applied at tillering and half at Pl. 

The first mungbean priming yielded 0.84 t/ha 

and the second priming an additional 0.1 t/ha. 
1.5 t/ha, whereasRice after fallowing yielded 

1.4 t/ha. Although resultsrelayed rice yielded 
suggested that relaying would not strongly suppress 
dryland rice yields, the low yields caused by 

frequent drought during the rice-growing period 

prevented the drawing of clear conclusions. How-

was much greater where ever, total production 
mungbean had been planted before rice than where 

land had remained fallow, 

EFFECTS OF PHOSPHORUS AND POTASSIUM ON 


TRANSPLANTED-RICE YIELDS 


On the new IRRI farm, rice responds to N 

fertilizer, but its response to P and K, and possible 

interactions with N have not been examined. IR56 

was planted in a randomized complete block 

design (four replications) in the WS. Ten treat-

ments selected from the factorial combinations of 

four N rates (0, 40, 80, and 120), three P rates (0, 13, 

and 27), and two K rates (0 and 25) were compared. 

and all the P and K wereOne-third of the N 

incorporated by the final harrowing. Onc-third of 

the N was applied at 30 DT and the remainder at 
PI. Neither P and K increased grain yields, but the 

N increased yields substantially, Interactions were 

not significant. Mean grain yields corresponding to 

0, 40,80, and 120 kg N/ha were 2.4,3.5, 3.8, and 3.7 

t/ ha, indicating no response to N beyond 80 kg/ ha. 

FERTILIZER RESPONSE OF DRYLAND RICE 

a rice cultivar (UPL 116), regardedIn June, 
as 

adapted to dry-seeded wetland and dryland condi
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tions was drilled under nonbunded and nonpud

died conditions in the IRRI dryland area. Incor
t/ha) plus farmyardporation of rice straw (2 

manure (4 t/ha) and inorganic N, P, and K 

were applied in selected treatments tofertilizers 
determine the contributions of these amendments 

to grain yield response. Straw plus manure and P 

and K fertilizers were applied during land prepara

tion. Half of the N was applied 25 DE and the 

remainder at PI. Treatments were arranged in four 
complete blockreplications of a randomized 

design. Mean yields are in Table 13. 

Statistical contrasts showed that P, K, and straw 

plus manure did not increase yield beyond the level 

produced by both the first and second 60 kg/ha 

increments of N fertilizer. 

INFLUENCES OF TOPOPOSITION AND PAST
 

TILLAGE ON GRAIN YIELD OF DRY-SEEDED IR52
 

Puddling is a common method of prepaiing soil for 

transplanting or direct wet-seeding of rice. Dry
and timeseeding, however, reduces the costs 

required to puddle, and moves the crop forward in 

the season. Where the WS is short, the grain-filling 

to coincide with dry soilperiod is less likely 
conditions. Farthermore, by advancing the harvest 
dates, a dryland crop can be planted earlier on a 

soil more favorable for root development. 

At the IRRI dryland farm, a trial was conducted 

to determine if the effects of puddling are carried 

through to subsequent years. The test area con

sisted of three adjacent-level rice fields. The highest 

was 43 cm above the intermediate field; the lowest 

was 40 cm below the intermediate. At each level, 

puddled and nonpuddled plots were available from 

a previous study of the tillage effects on wetland 

Table 13. UPL Ri5 yield as affected by rice straw, farm
yard manure, and N, P, and K and fertilizer. IRRI, 1982 

wS. 

Treatment Yield (t/ha) 

0.88Control 
60 kg N/ha + 2 t/ha rice straw + 1.69 

4 t manure/ha 
1.6660 kg N/ha 
2.24120 kg N/ha 
2.25N + 24 kg P/ha 2.25120120 kgkg N + 24kg P + 50 kg K/ha 



rice. These two resid'al tillage treatments, w',ich 

had been repeated for the WS rice crop the past 

4 yr, formed the second factor in the 1982 study. In 

both the previously puddled and nonpuddled soils, 

land was rototilled for the DSR crop. IR52 was 

dry-seeded in furrows in all plots on 27 May. 

Seasonal rainfall and evaporation are in Figure 

15. Grain yield and plant height (Fig. 17) of the six 

treatments indicate that toposequence was a more 

factor than previous tillage practice.important 
Although the residual puddling influence resulted 

in taller plants and shallower root penetration 

(Fig. 17) in all topopositions, previous tillage 

practices did not consistently influence grain yield. 

Moreover, the comparatively low yields in the 

nonpuddled, low topopositions were caused by 

high incidences of sheath blast and sheath blight, 

effect of puddling wasAlthough the residual 

apparent on plant height and root extension, it was 

not strong, nor did it influence grain yield 

appreciably. Reasons for higher disease levels in 

this treatment are unknown. Whereas plots that 

had not been puddled in previous years tended to 

contain less water in the profile, this tendency was 

not consistent over topopositions with time. Figure 

18 shows that, in June, water was withdrawn at all 

depths from all treatments, but depletion was less 

in the lowest position. The large quantity of water 

available in the intermediate and low topoposi-

tions probably accounted for higher yields and 

taller plants. 

Yield (t/ho)Root length (40DEcmn) 
315 NPuddled 

CAUSEDDECREASES IN LEGUME SEED VIABILITY 


BY DRYING, THRESHING, AND STORAGE
 

Cowpea, mungbean, soybean, and peanut crops 

are frequently planted before or after rice. In (he 

tropics, low grain legume seed viability is a wide

problem causing poor plant densities.spread 
Factors that could contribute to seed viability loss 

of four recommended grain legumes are cultivar, 

drying and threshing method, storage temperature 

and container, and storage duration. 

The cultivars were CS-I D-21 and MG-5 (mung

bean), All-season and EG-2 (cowpea), UPLSY-2 

and Clark 63 (soybean), and Kidang and PBI P9 

with seeds that had matured(peanut). To start 
under similar field conditions, these eight cultivars 

were planted in the latter part of October 198 1.The 

two soybean cultivars had to be replanted because 

they were damaged by a typhoon in late November. 

After harvest, half the pods were sun-dried and half 

were dried in a flat bed dryer. The dried pods were 
be threshed bydivided into three equal parts to 

hand, flail, or machine. From each drying and 

threshing combination, 20 samples of50 seeds each 

were counted for each cultivar. Half the samples 

placed into paper envelopes and half intowere 
sealed plastic envelopes. The packets were kept at 

room temperature (21-28 C) and in cold storage 

(4 C) at predetermined intervals. Germination was 

tested five times: before storage and after 1, 2, 4, 

and 8 mo. 

Plont hi at harvest 

100 

uNonpuLddled 
: : :: :i !!iii~il]8 0 1 

210 60 

X " i40
 

1 X
 

20 

010 High Intermediate0 Low High In termediate Low Low 
High Intermediolae 

TopopositionTopopositionTopoposition 

17. Root length at 40 DE, yield, and plant height at harvest of dry-seeded IR52 grown on three topopositions I yr aftersoils 

were puddled or nonpuddled for wetland rice. IRRI, 1982. 
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18. Mean soil moisture content at three soil depths of three 

topopositions, with dry-seeded IR52. IRRI, 1982. 

Because the seeds tested immediately after
threshing had not been subjected to the different 

and durations,storage containers, temperatures, 

they were analyzed separately. 
An analysis of variance on the germination 

percentages of the zero storage-duration sample 

indicated that the species and threshing factors and 

their interaction affectfd germination percentage. 
Germination for all combinations of species and 

threshing methods ranged from 90 to 96% except 
for peanut when flailed (86%) or mechanically 

threshed (607o). 

Analysis of variance on the germination per-

centages of stored seeds indicated that species, 

storage temperature, and storage duration had 
effects on germination percentage. 

There were strong species-threshing method and 
species-temperature interactions. Storage container 

and duration and interactions of species-drying 

method, species-duration, temperature-duration, 
were also signifand species-temperature-duration 

icant, but contributed less to percentage differ

species-threshing interaction (Table 14) was 
weresimilar to that detected before the seeds 

stored. Mechanical threshing decreased peanut 

germination 45% and soybean germination 10%, 
suggesting that mechanical and probably flail 

threshing should not be used in harvesting these 

legumes for seed. 
The interactions of species, storage duration, 

and storage temperature are in Table 15. Mung

bean viability was not appreciably affected by 

mo at room temperature. Althoughstorage for 8 
room storage temperature and long duration 

reduced germination percentage of other species, 
across species.were not consistentthe effects

Peanut viability was maintained under cold storageefr8m n tro eprtr o 


at room temperature for 4 mo.
for 8 mo and 

Table 14. Germination percentage of four grain legumes 

threshed by three mathods.8 IRRI, 1982. 

Threshing 

method Mungbean 

Hand 92a 
Flail 92 a 

Mechanical 93 a 

Germination (%) 
GerminationM 

Cowpea Peanut 

84 b 92a 
82 b 82 bc 

Soybean
 

85 b 
86 b 

86 b 50 d 78 c 

Meai over two cultivars per species, two drying meth
ods, two storage temperatures, two storage containers and 
four storage durations. 

Table 15. Germination percentages of four grain legumes stored under room and cold temperature conditions for four 

durations. 

Storage
 
duration Mungbean 
(mo) 

1 
2 
4 
8 

Room Cold 

91 abcde 92 abcdo 
91 ab de 92 abde 
93 abed 92 abcde 
95a 94 abc 

Germination (%) 

Cowpea Peanut Soybean 

Room Cold Room Cold Room Cold 

87 
78 
78 
82 

bode 
ghi 
hi 

fgh 

86 cdefg 78 
91 abcde 69 
86 defgh 80 
85 efgh 65 

hi 
j 

fgh 
j 

72 
69 
79 
84 

ij 95 a 
j 83 

fghi 79 
efgh 41 

96a 
fgh 92 abcde 

j 95 ab 
k 95 ab 

aMeans of two cultivars per species, two drying methods, three threshing methods, and two storage containers. 
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Apparently prolonged storage at room temper-
ature adversely affected soybean viability. The 
decline appeared within 6 mo, and by 8 mo, 
viability had dwindled to less than half. These 
results emphasize the need for adequate seed-
storage facilities or a fresh supply of seed if 
soybeans are to be grown on a commercial scale. 
The viability of cowpea was depressed only slightly 
by prolonged storage at room temperature. 

FERTILIZER MANAGEMENT OF RATOON RICE 

In rainfed wetland areas where there is insufficient 
rainfall to grow a full second rice crop, ratooning 
may be a means of using the 30- to 50-d periods 
during which excess water makes growing of a 
nonrice crop risky. 

Ratoon yields consistently above 2 t/ ha have not 

been demonstrated in field studies. In 1982, two 
pot experiments were conducted to examine the 
contribution of early fertilizer applications. 

Full factorial combina-Influenc., of fertiizer. 

tions of the different times of early N fertilizer 
application re!ative to main crop harvest (6DBH, 3 
DBH, at harvest, 3 DAH, and 6 DAH); the 
application of early N fertilizer with and without 13 
kg P/ha; the proportions of 60 kg N/ha applied 
early (6 DBH to 6 DAH) and at PI (all early, 2/3 
early and 1/3 at PI, and 1/2 early and 1/2 at PI); 
and fertilizer placement depth (on soil surface and 
10 cm below) were put in a split-split plot design 
with four replications. Time of early fertilizer 
treatments was in main plots, N and P fertilizer 
levels applied early and at PI in subplots, and 
fertilizer depth treatments in sub-subplots. 

IR22103-6-2 seedlings (19 d old) were trans-
planted into 240 10-liter plastic pots (four seedlings 
per pot) that had been filled with 8 kg (dry weight) 
of Maahas clay soil. The main crop received 60-13-
25 kg (N, P, K)/ha hand incorporated before 
transplanting and 30 kg N/ha side-dressed at Pl. 
The ratoon was fertilized according to the fertilizer 
treatments. At 35 DT, plants were reduced to two 
per pot. The crop was transplanted in August 1981 
and harvested in January 1982. 

In the main crop, water depth was maintained at 
5 to 7cm until the ripening stage, after which water 
was drained from the pots, but the soil was 
maintained at near saturation. At harvest, the 

Yield (g/hill) 

10 Prootio of Napplied within 6 dof harvst 

1/3 2/3 All 

' 
a 

6 

4 

0 38 H 3A6A 6838 H A 6638 H 3A6
 

Days before and after horve,.l
 

19. Yield response to tha proportion of 60 kg N/ha applied 

within 6 DBH or 6 DAH of the main crop. IRRI, 1982. 

plants were cut 20 cm above the soil level, and 
water was brought to a 2-cm depth for the next 
10 d. A 5-cm depth was maintained from that time 
until the ratoon crop was harvested. 

The major factors contributing to the ratoon 
yield differences were the proportion of N fertilizer 
applied early and the placement depth. P applica
tions did not affect yields, but the time of early N 
application relative to main crop harvest affected 
yields slightly and interacted with the proportion of 
N applied early. The interaction between time of 
early N and proportion of early N (Fig. 19) shows 
that the highest N application at 3 DBH produced 
the highest ratoon grain yield. The ratoon yield (8 
g/hill) was 41% of the main crop yield. Ratoon 
yield was 0.8 g/ hill higher when N was placed at 
10-cm depth than when it was placed on the soil 

surface (5.4 g/hill). 
N rate and time of application. IR36 and IR54 

and two hybrids (V20A/IR54 and IET3257A/ 
IR54) received the eight N treatments summarized 
in Table 16. The varieties and hybrids were 
assigned to main plots and fertilizer treatments to 
subplots in six replications of a split-plot design. 
Four 20-d-old scedlings were transplanted into 
plastic 10-liter pots that had been filled with 9 kg 
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Table 16. N fertilizer rates and times of application in 

eight N treatments applied to the main crops of two rice 
varieties and two hybridsi IRRI, 1982 DS. 
varietiesandtwo ________IRR_1,_1982_DS.In 

Nfertilizer rate (kg/ha) 

50% TotalPI
Basal Maximum 
tillering heading 	 applied 

50 _
50 
10050 25 25 	 

25 25 25 25 100 
37.5 1501505 50 37.5 37.5 	 37.5 50 

- 200100 50 50 
20050 50 50 50 

(dry weight) of Maahas clay soi. In addition to N 

fertilizer applied according to the test treatments, 
22-42 kg (P, K)lha was hand-incorporated before 

transplanting. Plants were thinned to two per pot 

at 29 DT.Water depths were maintained at the 

levels used in th wprevious experiment. The ratoon 

crop was side-dressed with 60 kg Niha when the 

main crop was harvested. The experiment was 
wasplanted in December 1981 and the ratoon 


harvested inJune 1982. 

Cultivar affected main crop and ratoon yields, 

and N treatment affected main crop, but not 
ratoon, yields. Interaction between cultivar and 
fertilizer treatment was not significant. The re-
sponse to total N applied at or before PI was 
essentially linear. N applied at 50% heading did not 
contribute appreciably, if at all, to main crop yield. 
Although N applications at 50% heading of the 
main crop tended to increase ratoon yields, the 
responses were riot statistically significant. More-
over, in this experiment, mean ratoon yields were 
only 18% of the main crop yields, compared with 
30% in the previous experiment. As is often the 
case in rice ratoon research, yield variability in the 
ratoon was excessive (CV=41%); therefore sound 
comparisons were impossible. 

Main crop yields of the hybrids were 20% higher 
than those of IR54, but only 9% higher than those 
of IR36 (not statistically significant). The ratoon 
performance did not favor the hybrids. In this 
experiment, hybrid IET3257A/lR54 and IR54 
were superiur to hybrid V20A/ IR54 and to IR36. 
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RESPONSES OF FOUR GRAIN LEGUMES TO SOIL 

MOISTURE GRADIENTS 

rainfed areas of the tiopics, grain legumes are 
normally grown in a postmonsoon rice environ

ment with erratic and rapidly diminishing rainfall 

and residual soil moisture. The crops often 

encounter moisture stress, especially during the 

reproductive and maturation stages. Four grain 

legumes often planted after rice are mungbean, 
cowpea, soybean, and peanut. Understanding the 
effects of various degrees of drought during their 

.angrowth and development would be useful in 
ning crop intensification schemes for rainfed areas. 

*rhe experiment was conducted in January to 

April 1982 on a silty clay soil in the dryland area of 

the IRRI farm. Mungbean (CES ID), cowpea (EG 
No. 2), soybean (UPLSY-2), and peanut (Kidang) 

were subjected to varying degrees of drought 

during their entire growth and maturation periods. 

Levels of moisture stress were developed by the 

LSS irrigation system, which applied p,ogressively 
decreasing amounts of irrigation water with 

increasing distance from the sprinkler line. Before 

planting, the field was plowed once and rotovated 
twice. A uniform application of 30-13-25 kg (N, P, 

was broadcast before the last rotovation.K)/ha 
Mungbean and cowpea were planted in one block 
and soybean and peanut in an adjacent block. The 
crops were drilled thickly in 50-cm rows parallel to 
the sprinkler lines. The mungbean, cowpea, an~d 
soybean plants were thinned to about 300,000/ha 
and peanut plants to 160,000/ha at 18 DE. Weeds 
were controlled with a preemergence spray of 
butachlor followed by hand weeding. Insect pests 
and diseases were minimized by the use of mono
crotophos and decamethrin insecticides and 
benomyl fungicide. Seeds were treated with 
carboxin-captan fungicide. 

The experimental design was strip-split plot with 
four replications. Each plot measured 5.1 X 13 m 
and was subdivided into five strips (5.1 X 2.5 in), 

representing different moisture regimes: I (closest 

to the sprinker line), 2,3,4, and 5(farthest from the 
sprinkler line). Three planting methods were also 
compared. The testcrops were planted on ridges, in 

furrows, and on flat ground. Crop species and 
planting methods were randomized within each 
replicatii n; moisture regimes were fixed. 

http:IRR_1,_1982_DS.In


The entire experimental field was given a 15-ram 
irrigation to ensure uniform crop emergence. At 15 

were begun andDE, LSS irrigation treatments 
were repeated at different intervals thereafter. The 

amount of water applied each time was recorded 

using catch ,ans placed at cancpy height within 

each of the water-regime plots. The amount of 
water applied was the daily summation of 0.5 of 

Epan measured at the experimental site since the 

previous irrigation. Irrigations were applied in the 

early morning before sunrise when winds were 

calm. 
Soil moisture content at depths of 20, 40, 60, 80, 

and 100 cm was determined before and after each 

irrigation with a neutron scattering device lowered 

into the aluminum access tubes installed in the 
central rows of each moisture-regime strip. Crop 

water use was determined from applied irrigation 
water, rainfall, and the change in stored soil 

moisture and by assuming no deep drainage. LWP 

was measured at midday (1300 to 1400 h) using a 

pres-ure chamber. Canopy temperature (CT) was 

measured on selected dates with an infrared ther-

trometer positioned 15 cm above the canopy. All 

measurements of leaf water status and CTs were 

taken from the same row and on plants close to -he 

access tubes. Root length density was determined 
at 55 DE in the wettest and driest regimes with a 
soil core sampler. 

Data for grain yield, plant dry matt ;r, yield 

root distribution, anO other cropcomponents, were from thegrowth determinants obtwned 
central undisturbed rows within each 

moisture 
regime. 

The statistical analyses showed that the three 

planting methods did not affect seed yields and 

water use significantly; therefore data over all 

planting methods were pooled, irv:,easing the 
12 per waternumber of replications from 4 tu 


regime. 

The weather data during the experimental 

period were collected from a weather station about 

150 m from the experimental site and are presented 

with the phenology of the crops in Figure 20. Air 
and solartemperature, vapor pressure deficit, Epa, 

as seasonradiation generally increased the 

progressed. Light rains occurred at flowering, but 

quickly evaporated; those that orcurred at later 

pyrysiaogical 
Mungbeanl

II Flowrin/oI -I g,,bnrP/an/og emlegnce CowpeoIH- Soybn 
Peanut 

Max a mintemp. (*C) weeklyav 
40 -_ 

30 - ---- imum 

25 

20- I .ITPD I 
VPD (MPo)(V04)weekly av 
30
 

10 
OI I I 

2 perday (102) weekly avSolar radia o (j/m 

24 fA0 
16 

12 r I I I I I IT 
Weekly ov Epon(mm) 

a
6

4 

Total weekly rainfall (mm)0
To i 

20 

10
 
0 ,, | '
 

8 0 12 14 1
 
Week Jan 2 4 Feb 6 Mar Apr 

20.2oistheWeekly values of rainfall, Eran, solar radiation, vapor 

pressure deficit (VPD), and maximum and minimum temper

ature during the crop growth period. IRRI, 1982. 

growth stages Jid not affect the trial as the crops 

were mature and about to be harvested. 

Water measured in the catch cans showed that 

US applied a relatively uniform amount of water 

to each crop at each irrigation date (Fig. 21). The 

amount of cumulative water applied decreased 

gradually from the wettest regime (R 1)to the driest 

(R5). The soybean and peanut received two addi

tional irrigations because they had longer growth 

durations. 
Seasonal water use and root distribution. Figure 

22 shows the cumulative water use by the four 
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21. Water applied at each of the five water regimes with respect 

to the line source of each date for four grain legumes. IRRI, 

1982. 

legume species. Water use was consistently higher 
in the wet regimes than in the dry regimes. At the 
early stage, water uptake at the driest regime was 
similar among the four crops. Beginning about 50 
DE, however, peanut used more water in the driest 
regime. At maturity, water use by peanut in the 
driest regime was 41% of that in the wettest regime; 
for ,owpea it was 38%, for soybean, 37%, and for 
mungbean, 26% (Table 17). 

Water uptake patterns within the soil profile by 
the four crops are illustrated in Figure 23. Soil 
water extraction patterns in the wet regimes were 
similar for the four crops --a greater percentage of 
the extraction was in the upper 20-cm soil layer, 

Cumulative wo use (mam) 

300---R2 

R3 
200 - R5 

100 

100[
 
300 

200 

7r -k
002 40 60-1o100K,
 
O' 2 40 6080 D 20 40 60 80 100 

Daysfrom germination 

22 Cumulative water use from germinatiop maturity by four 

legumes under five moisture regin'.. IRRI, 1982. 

below which little extraction occurred. In the dry 
regimes, however, peanut and cowpea extracted 
more water deeper in the soil than either mungbean 
r
c soybean. Figure 24 shows the change in soil 

water content from the start of the trial until 

harvest. By harvest, peanut and cowpea had clearly 

reduced the moisture content deep in the soil 
profile to a longer level than had either mungbean 

or soybean. 
The greater ability of peanut and cowpea to 

exploit the soil water reserve in the drier regimes 
may be explained by their root distributions. 
Figure 25 shows the root densities measured at 55 
DE in regimes I and 5.In the wet regime, most of 
the roots of all crops were concentrated near the 
soil surface; very few were below a 20-cm depth. In 
the dry regime, however, peanut and cowpea 
exhibited relatively profuse rooting in the 40- to 
80-cm depth; mungbean and soybean roots were 
generally concentrated near the soil surface. 

Seasonal changes in canopy temperature and 
leaf water potential. Figure 26 presents the changes 
in plant CT and LWP in the wet and dry regimes. 

Table 17. Total water use by four food legumes under five moisture regimes. (R1-R5). IRRI, 1982. 

%of wet regimeTotal water use (mm) 
(R5/Ri X 100)

Crop 
R4 R5R1 R2 R3 

174 b 89 c 59 c 26 
Mungbean 228 c 224 b 

b 183 b 120 b 99 b 
Cowpea 268 b 228 37 

108 bc 91 b
Soybean 252 c 235 b 184 b 38 

133 a 41258 a 172 a
Peanut 321 a 307 a 
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23. Percent of total water used from different soil depths in four grain legumes. 

IRRI, 1982. 

CT was higher and LWP lower in the dry regime up to maturity. In contrast to soybean and mung

than in the wet regime. All four crops generally bean, peanut showed little difference in both its CT 

and LWP in the wet and dry regimes. Cowpea
increased in CT with decreasing LWP as crop 

as moisture exhibited an intermediate behavior. At 67 DE the 
growth proceeded to maturity and 

was -9.6 bar,peanut LWP in the dry regime
stress increased, 

lower than the LWPs of cowpea,
Peanut extracted more water to meet transpira- significantly 

bean, and soybean (-11.5, -12.6 and -17.6 bar,
tional needs, and therefore had lower CT and mur 

higher LWP (closer to zero) than the other crops. It respec~ively). 
on aand LWP The diurnal changes in LWP and CT 

maintained a relatively more stable CI 
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24. Water extraction pattern of four grain legumes for regimes I, 3, and 5 at different depths. IRRI, 1982. 
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25. The root length d,nsity (cm/cm )of four grain legumes at various soil depths at 55 DE for wet and dry 

regimes. IRRI, 1982 
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27. Diurnal variation in LWP and CT in four grain legumes on 

selected date are shown in Figure 27. As expected, 
C was lowest and LWP highest in the early 
morning (0600 h) for all the crops. CT was highest 
and LWP lowest at midday (1400 h) when 
evaporative demand was highest. Peanut main
tained a lower diurnal temperature range and a 

higher LWP even at midday in the dry regime. 
Even in the wet regime where soil water deficit was 

not minor, peanut exhibited the lowest CT among 

four crops. 
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a. 

Table 18. Effect of moisture sbrs on sed yield and yield components of four food legumes. IRRI, 1982. 

0 
Moisture regime Reduction (%) 

Crop Ri R2 R3 R4 R5 

0GSeed 

Mungbean 
Cowpea 
Soybean 
Peanut 

Mungbean 
Cowpea 
Soybean 
Peanut 

0.8 d 
1 A a 
1.4 a 
1.2 c 

286 d 
156 
367 a 
317 b 

j 

O d 
1.3 ab 
1A a 
1.1 c 

253 f 
147 
320 b 
286 d 

ki 

0.6 
1.2 
1.2 
1.1 

223 
141 
303 
265 

yieid (/ha) 

e 
bc 
c 
c 

Pods/rn
2 

gh 
I 

c 
a 

0.3 
0.8 
0.7 
0.8 

152 
110 
225 
218 

d 
d 
d 

g 

]k 
m 

g 
h 

0.1 
0.5 
0.5 
0.6 

105 
85 

178 
150 

ef 
f 

e 

h 

m 
n 

i 
ik 

83 
65 
66 
46 

63 
46 
51 
53 

Mungbean 
Cowpea 
Soybean 
Peanut 

6.93 
8.97 a 
3.10 
1.90 

c 

g 
ii 

6.30 
8.70 a 
3.10 
180 

d 

g 

5.70 
7.70 
2.80 
1.73 

Seeds/pod 
e 

b 
gh 

j 

5.10 
7.20 
2.0 
1.A3 

f 
cd 

gh 
1 

4.60 
6.70 
2.40 
1.40 

f 
cd 

j 
j 

34 
25 
23 
26 

Mungbean 
Cowpea 
Soybean 
Peanut 

4.58 
14.02 
13.34 
32.36 a 

cd 
cd 

i 4.34 
13.48 
11.60 
30.30 a 

cd 
de 

i 
100-seed wt (g) 

4.30 i 
12.32 cd 
10.7 a 
28.0 a 

4.20 
12.70 
11.22 
30.57 a 

d 
de 

i 4.39 
12.60 
10.67 
24.63 

d 
e 

b 

i 4 
10 
20 
10 



XO-seed wt 

30-
pA 

20 

VSW=2516+Q0015 
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comwater use and yield 
29. The relationship between total 

ponents of four grain legumes. IRRI, 1982. 

Seed yield, yield components, and shoot weight. 

Seed yields for all four crops showed a linear 
relationship for total water use and water applied 
(Fig. 28). Seed yield reduction from the wettest to 

the driest regime was most severe in mungbean 
(83%) and least severe in peanut (46%) (Table 18). 

Among yield components, the number of 

pods/rM2 was the most sensitive to water deficit in 

all the four crops. Seed weight was least affected by 

moisture stress (Fig. 29). Compared to the wettest 

Total shoot dry matter (t/ha) 

8 
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2
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30. The relationship between total shoot dry matter at harvest 
and water use in four grain legumes. IRRI, 1982. 

regime, the driest regime reduced the pod numbers 
by46 to 63% (Table 18). The seed weight reduction 
was greatest in soybean and least in mungbean 
(Table 18). 

In all four crops, shoot dry matter and water use 
were linearly related (Fig. 30). Increased moisture 
stress, as reflected by decreased cumulative LWP, 
reduced total shoot weight of mungbean, cowpea, 
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Total shoo dry matter/ and soybean more than that of peanut (Fig. 31). 
eed yield (t/ha) Cumulative LWP (bar) Shoot weight in the dry regime was reduced by 78% 

Peon in mungbean, 62% in soybean, 60% cowpea, and 
37% in peanut.Seed -150- 3%i entIstem +leaves 

4 .The stronger adaptive mechanisms of peanut 

demonstrated its potential for cultivation in the 

2-...- post rice environment where moisture stress 
progressively increases with crop growth, parti

in light soils where pod formation would 
Ocularly06C not be as detrimentally affected as in clayey soils. 

SoFono Cowpea and soybean performed better than 

-150- mungbean, but cowpea has better adoption 

4L_- potential because it is not adversely affected when 

10L planted inthe short-day periods that are common 

0 
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The total shoot dry matter and seed yield and cumulative31. 
LWP at five moisture regimes for four grain legumes. IRRI,
 

1982.
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ON-FARM TESTING OF THE ROLLING INJECTION 

PLANTER 
Rice Production Trainingand Researchand 
AgriculturalEngineeringDepartments 

In Miagao, Iloilo, Philippines, field experiments 
plateau and plain landscapewere conducted on 

positions to evaluate various methods of establish-
single dry-seeded riceing dryland crops after a

dryland cropsfterasigle dry-sth h edigh ecrop.crop. Dryland crop establishrne it with high tillage 

was a component of the recomnended technology 

further study following the recent
that needed 

introduction of the rolling injection planter (RIP).
 

The RIP, designed to punch seeds into an 

untilled soil, was compared with recommended 
high-tillage establishment and the local farmers' 
practice. 

At Kirayan Takas (the plateau location in 
Miagao), only mungbean and cowpea yielded 

satisfactorily with any establishment method 
(Table 1). Maize suffered severe moisture stress; 

sorghum was stunted and chlorotic and did not 

exhibit the drought tolerance for which it has been 

noted. Mungbean yields were significantly in-

creased when herbicide (Gramoxone) was applied 

just before RIP establishment. 
At Dawog (the plain location in Miagao), the 

trial was established 30 d after the one at Kirayan 
Takas (Table 1). Again, maize yielded nothing with 

all establishment methods and sorghum yielded 

with the high-tillage treatment.poorly, except 
With RIP, mungbean and cowpea established and 

yielded well. 
The results showed the potential of the RIP for

zero-tillage establishment of mungbean and cow

pea. 

TECHNOLOGY EVALUATION INTWO RAINFED 

CROP PRODUCTION PROGRAMS 
Rice Production TrainingandResearch 
Department 

In 1982, a study was started to evaluate the 

performance of double cropping of rice in the 

rainfed crop production programs in Iloilo and 

South Cotabato, Philippines. Double cropping is 

possible through
* direct dry-seeding of the first rice crop at the 

beginning of the WS, 

Table 1. Effects of establishment method on weds and dryland crop yields grown after rice at two sites in Ilollo, 

Philippines, 1982. 

Treatment 

Mungbean (12% MC) 
RIP 
RIP + herbicide 
Farmer's practice 
High tillage 

Cowpea (12% MC) 
RIP 
RIP + herbicide 
Farmer's practice 
High tillage 

Sorghum (14% MC) 
RIP 
RIP + herbicide 
Farmer's practice 
High tillage 

Maize 
RIP 
RIP + herbicide 
Farmer's practice 
High tillage 

Plateau Plain 

Weed 
count 

(0.5 m 2 ) 

Weed 
wt 

(g/m 2 ) 

Crop 
yield 
(t/he) 

Weed 
count 

(0.5 m 2 ) 

Weed 
wt 

(g/m2 ) 

Crop 
yield 
(t/ha) 

41a 
9 b 

32 ab 
24 ab 

58.6a 
35.3a 
51.3a 
48.0 a 

1.19 b 
1.73 a 
1.10 b 
0.99 b 

1085 
47 ab 
85a 
32 b 

52.0a 
39.2 a 
45.2a 
44.0 a 

1.30 a 
1.15 ab 
0.99 b 
0.54 c 

44 a 
11 b 
35 a 
22 ab 

38.0 a 
89.3 a 
83.3 a 
60.7 a 

0.65 a 
029a 
0.65 a 
0.73 a 

71 a 
42a 
85 a 
46 a 

78.0 a 
65.2 a 
59.2 a 
42.6 a 

0.64 a 
0.71 a 
0.40 a 
0.36 a 

56 a 
25 a 
36 a 
33 a 

38.0 ab 
31.3 ab 
90.7 a 
34.7 a 

0.04a 
0.03a 
0.02 a 
0.04 a 

100a 
62 ab 

104 a 
44 b 

77.0a 
52.0 a 
46.0 a 
62.0 a 

0.02 a 
0.02a 
0.03 a 
0.44 b 

49a 
14 b 
47 a 
29 ab 

82.7 a 
172.7 a 
122.0 a 
124.6 a 

0 
0 
0 
0 

107a 
65 a 
72 a 
31 b 

692 a 
86.6 a 
80.0 a 
28.0 b 

0 
0 
0 
0 
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* use of preemergence herbicide, and 
* use of early-maturing rice varieties, 

During 1982, production plots of the two-rice 
crop system were placed throughout the produc-
tion program target areas of the two provinces, 
Technology performance in the research-supervised 
plots was compared with farmers' patterns and 
yields. Superimposed trials were also conducted to 
determine the importance of technology cornpo-
nents. Production program participants and non-
participants were interviewed to assist in under-
standingthe factors affectingadoption ofthe program-
recommended technology. Preliminary results are 
presented. 

Table 2. Yield from 1000-r 2 production plot at various 
locations inIloilo, Philippines, 1982. 

Yield (t/ha)Rainfall 
n Landscape First crop Second crop Total 

Wet 	 Sideslopu 4.51 (n=6) 3.99 (n=6) 8.50 
Plain 4.82 (n=6) 3.24 (n=6) 8.06 

Intermediate 	 Plateau 4.03 (n=2)8 C.48 (n=2) 4.51 
Plain 4.05 (n=5)8 1.83 (n=3)b 6.37c 

Dry 	 Plateau 3.1 (n=6) d 3.91 
Plain 3.49 (n-6) - 3.49 

8Four plots at the plateau site and one at the plain site 

were destroyed by floodivq and herbicide toxicity, sub-
sequently wet-seeded, and excluded from the study. 

bTwo farmers did not participate for the second crop. Cln 

computing the total for the intermediate plain, only those 

plots planted to both first and second crops were includ-
ed. dPlanted to dryland crops. 

Iloilo. The study area was stratified according to 
rainfall pattern and landscape position, the two 
physical factors believed to be major influences on 
technology performance. In each of three rainfall 
zones (northern-wet, central-intermediate, and 
southern-dry), the two major landscape positions 
were identified (Table 2). 

At each landscape in each rainfall zone, six 
2production plots of approximately 1,000 m were 

established in farmers' fields. At the intermediate 
plateau site, the flooding of four plots by heavy 
rainfall shortly after herbicide application resulted 
in a very poor stand and a decision to reseed. At the 
intermediate plain site, one plot was in this 

category. Because of the saturated soil, the five 

plots were wet-seeded and not considered in this 
analysis.

In all cases, the first rice crop was dry-seeded; the 

second, if established, wet-seeded. In the dry zone, 
there was no attempt to establish a second rice crop 

because of the shorter WS. Across Iloilo, 1982 was 

a relatively dry year with little rain after October 
and this was reflected in the yields (Table 2). In the 

wet zone, two rice crops were established and 

harvested in each production plot with little 
moisture stress. Landscape position did not appear 

to influence yield. 
In the intermediate zone, because of the required 

wet seeding in five plots and the unwillingness of 

two farmers to participate for the second crop, the 

productionIata were limited. In the superimposed 

Table 3. Effects of different fertilizer rates on IR36 yield in three rainfall zones.# Iloilo, Philippines, 1982. 

Grain yield (t/ha)b 

Rainfall zone Landscape Crop 
9 0 -1 3 . 2 5C 90-13-0 90-0-25 90-0.0 60-13-25 30-13-25 0.0-0 

Wet Sideslope First (n=6) 
Second (n=6) 

4.97 a 
4.52 a 

4.99 a 
4.41 a 

4.96 a 
4.54 a 

-
4.41 a 

4.91 a 
4.50 a 

4.30 a 
4.26 a 

4.33 a 
3.40 b 

Plain First (n=6) 
Second (n=6) 

5.47 a 
3.12 ab 

5.63 a 
2.99 ab 

5.51 a 
2.67 ab 

-
3.32 a 

5.35 a 
2.83 ab 

4.82 ab 
2.59 b 

4.46 
1.70 

b 
b 

Intermediate Plateau First (n=6)d 
Second (n=3) 

4.17 ab 
1.86a 

4.36 a 
0.84a 

2.85 
0.86a 

c -
0.77a 

3.57 abc 
1.94a 

3.52 bc 
1.91 a 

2.03 
0.94a 

d 

Plain First (n=5) 
Second (n=4) 

4.23 a 
2.48a 

3.80 a 
2.21 a 

3.85 a 
2.21 a 

-
2.04 a 

3.77 a 
2.25 a 

3.60 ab 
120Bab 

2.89 
1.34 

b 
b 

Dry Plateau 
Plain 

First (n=6) 
Frist (n=6) 

5.31 ab 
3.35 a 

5.35 a 
2.88 ab 

5.15 ab 
2.91 ab 

-
-

5.19 ab 
2.66 b 

5.19 ab 
2.73 ab 

4.98 
1.90 

b 
c 

OSuperlmposed trials conducted with production plots. bSeparation of means, In a row, by Duncan's multiple range test 

at the 5% level. Ckg (N, P, K)/ha. dplots that were not seeded over the dry-seeded crops that failed were included in this 

analysis. 
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Table 4. Yield from 20 production plots at various Iota-
tions in South Cotabato, Philippines, 1982. 

Yield' t/ha) 
Location F 

First Second Total 

Norala 
3.78 4.04 722Bo. 1 #1 6.762.35 4.41B. 1#2 

Bo. 2 2.39 3.34 5.73 
Ba. 7 5.66 3.51 9.17 
Poblacion #1 4.73 4.25 8.98 

3.32 1.23 4.55Klbid 
4.00 5.21 9.21 

Simsiman #2 4.01 4.35 
Simsiman #1 

8.36 

Mean 3.78 3.79 7.57 

Suralth 
11)1'85.20 5.88Ba.Bo. 1012 #1 4935226 4.33 

4A7 2.42 6.89Bo. 12 #2 
Dajay #1 4.00 3.60 7.60 
Delay #2 4.22 3.77 79 

Mean 4.56 4.00 8.56 

Santo N/io 
Bo. 4 #1 3.70 4.04 7.74 
Bo. 4 #2 3.87 5.21 9.08 

2.38 0 2.38Bo. 9 
Bo. 10 1.24 2.17 3.41 

Mean 2.80 2.85 5.65 

Koronadal 
224 4.07 7.01Mabini #1 
0 2.33 2.33Mabini #2 


Mabini #3 
 2.87 1.98 4.85 

2.79 4.72Mean 1.93 
7.01

Mean (all plots) 3.50 3.51 

aAverage of three 20-m 2 harvest sample areas. bIR36. 
CLR56. 

fertilizer trials conducted with every production 
plot, the recommended fertilizer rate was chosen 

for evaluation because 1)fertilizer response may be 
by rainfall pattern and landscapeinfluenced 

position requiring more specific local recommerida-
tions, and 2) fertilizer is a major component (30-

40%) of the total cash costs of the new technology 
package. 

K did not appear to limit yield at any location, 

although most areas responded to N and some to P 

(Table 3). At the intermediate sites, several of the 

no-P treatments (90-0-25) showed classic P defi-

ciency symptoms: dark green color (darker than ii 

90-13-25), reduced plant height, reduced tillering, 

and delayed maturity. It was only at the plateau site 

however, that the effect was statisticaily significant. 
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South Cotabato. Twenty-four 1,000-M2 produc
tion plots and superimposed trials were established. 

Four were dropped from the study because of mole 
cricket damage to the dry-seeded seedlings. A 
second rice crop was planted in 19 plots. 

Landscape position was less critical than in 

Iloilo. Most of the production plots were within the 

floodplains of the Allah and Banga Rivers. The 

plots and superimposed trials were distributed 
across the range of soil conditions. 

yields for the first and second cropsMean 
(Table 4) were only about 75% of the area's usual 
two-crop yield probably because the April-Decem
ber rainfall was 54% ofthe 14.yr average. The 1982 

drought in Mindanao and elsewhere in the Philip
pines was a highly publicized calamity. 

Although the production program in South 

Cotabato was conceived essentially for rainfed 
crops, farm visits during 1982 revealed that nine of 
the 20 production plots were partially irrigated. 

The water came from springs and diversions from 
rivers and creeks. Partial irrigation boosted yield 

3.3 t/ha, with almost 2 t/ha coming from the 

irrigated second crop. 
The superimposed trials showed a response to N 

but no clear response to P or K. 

MULTILOCATION TESTING OF NITROGEN
 

PLACEMENT MACHINES
 

Rice Production TrainingandResearch,
 

AgriculturalEconomics, and Agricultural
 
EngineeringDepartments
 

During the 1982 WS, trials were conducted on 

fields to evaluate two N placementfarmers' 
machines developed by the Agricultural Engineer

ing Department. These were the curved spring 

auger for PU placement and the Rockwood 
plunger for USG placement. The machines were 

compared with hand placement of USG, re

searchers' best split of PU, and farmers' split of PU 

at seven locations (Table 5). 
In six of seven locations, the yields in plots where 

USG was placed by the plunger did not differ 

significantly from those in plots where it was placed 

by hand. 
Significantly higher yields resulted from the 

researchers' best split of PU in only one of the seven 

trials. This was not surprising because, in most of 



Table 5. Summary of results from placement machine trials at various locations in the Philippines. 1982 WS. 

Yield (t/ha)g 

USGPULocation 

Hand Plunger
Farners' split Researchers' split Curved spring auger 

Luzon 5A1 a
Buguey, Cagayan 4.44 b 4.34 b 5.10 a 5.34 a 

4.03 ab3.76 b 4A9 a
Gugo, Naic, Cavite 3.74 b 4.04 ab 

3.21 ab3.09 b 3.37 a
Molino, Naic, Cavite 2.84 c 328 ab 

Visayas 5.32 a 5.66 a5.37 a 5.32 aMine, Iloilo 5.35 a 
3.75 b 3.79 b 4.25 a4.33 aAJuy, Iloilo 4.23 a 

Mindanao 526 a 4.41 a4.18 aKoronadal, 4.13 a 4.29 a 

South Cotabato
 5.55 a 5.31 a5.09 a 5.11 aTantangan, 5.04 a 

South Cotabato
 

'Separation of means, in a row, by Duncan's multiple range test at the 5% level. 

The yield advantage of the curved spring auger
the trial sites, basal incorporation was being prac-

trials ranged
ticed and the only difference with researchers' split 	 over the farmers' split in the seven 

from -11 to 15% and averaged 2%. In two trials, 
was the relative amounts applied, 

yields were significantly higher with the curved
The yield advantages of the plunger over the 

spring auger split; in one trial, the yield was
farmers' split for the seven trials ranged from 5 to 


22%, averaged 8.8%. In two trials, yield differences significantly higher with the farmers' split.
 

were statistically significant. 
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NATIONAL PROGRAMS 

The Asian Cropping Systems Network (ACSN) is 

a scheme established in collaboration with national 

programs for developing cropping systems tech-
nology suitable for major rice environments in 

Asia. The cropping systems research methodology 
developed by IRRI and ACSN is now used by 

many national programs in Asia with some modi-
fications to fit their financial and manpower 

It is also used in dryland crop-basedresources. 
cropping systems. 

Cropping systems research is now part of the 

research system in collaborating countries. The 

Philippine Government recently created the Soil 

Resource and Farming Systems Institute at the 

University of the Philippines at Los Bauios (UPLB) 

and the Agriculture Research Office (ARO) in the 

Ministry of Agriculture. The institute will conduct 
basic research at UPLB, provide technical assis-

tance to the provincial technology verification 
teams (PTVT) and the Regional Integrated Agricul-
tura! Research System, and provide traii ing to 

farming systems scientists. ARO farming systems 
research uses the same methodologies as the 
ACSN. It established 12 regional research teams 
composed of five senior scientists (agronomist, soil 
scientist, economist, animal scientist, and extension 
specialist). It also organized 64 PTVTs throughout 
the Philippines. 

Thailand also reorganized its Department of 
Agriculture, the research agency of the Ministry of 
Agriculture and Cooperatives. Six institutes were 

established, one of which is the Farming Systems 
Research Institute. The ACSN collaborators in 

Thailand are now the senior scientists of the new 

institute. The main work of the institute is rice

based farming systems in rainfed wetland and 
irrigated fields. 

The number of ACSN sites continues to in-
In 1982, there were 108 operational ricecrease. 

based sites in 10 countries in Asia (Table 1). The 

work at the sites is concentrated on design and 
testing of cropping patterns in rainfed wetland, 
partially irrigated, rainfed dryland, irrigated, and 

deepwater rice. Philippines, Thailand, and Bang

ladesh established dryland crop-based cropping 
systems using the same methodology. The sites 

represent a broad range of climatic zones, soil 

typ.'s, soil textures, and socioeconomic conditions 

in Asia. The main objective in each site is to 

increase cropping intensity from one to two or 

more and from two to three or more crops per year 

and, at the same time, increase the production of 

each crop in the pattern and over-.all net income. 

In 1982, China officially joined ACSN. It now 
conducts cropping system research at two loca
tions: Tux Xi County, Beijing, and Sho Xiang 
County, Zhejiang. Taiwan, China, also joined with 
one site in Kaohsiung. Pakistan sent a representa
tive to the 13th working group meeting in Bangkok 
and has indicated its interest in joining ACSN. 
Vietnam has also shown similar interest. Two 
Vietnamese trainees attended the 6-mo cropping 
systems course. 

Table 1. Number of cropping systams research sites in collaborating countries in Asia, 1982. 

Research sites (no.) 

Country In Rainfed Partially Irrigated Rainfed Deepwaterdrylandwetland irrigatednational 
programs 

6 14 -
Philippines 23 15 1 

210 -Bangladesh 25 14 2 
1- 166 -Indonesia 21 -2 -

Burma 7 2 4 
-2 1 -

Nepal 6 5 
-


SriLanka 

-7 3 1 1 

-1 -
Thailtnd 7 7 

-
- 9 9 -Korea 
- - 11 -India -


China 
 - 2 2 -


Total 108 
 52 10 32 31 3 
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Cropping systems ro search. Preproduction 
phase. After more than 3 yr of site research, 

national programs implemented the prproduction 

phase of the cropping systems research methodol-
ogy. In the Philippines, the research site and 
multilocation tests in Iloilo resulted in a provincial 
cropping systems program coverirg 6,302 ha of 
rainfed rice in the 1981-82 crop year. In 1982-83, 
the program will cover 13,000 ha. There are pilot 
production programs in South Cotabato (800 ha), 
Pangasinan (839 ha), and North Cotabato (97 ha). 
Multilocation tests are conducted in Agusan, 
Bukidnon, and Capiz. 

At the site in Walagambahuwa, Sri Lanka, a 
tank-based village, researchers successfully devel

oped a system for establishing rainfed dry-seeded 

and early-maturing varieties as a first rice crop 

followed by a second rice crop or a dryland crop, 

depending on rainfall. The production program is 

now widespread in Anuradhapura and Kurunegala 

Districts. 
The research teams in Indonesia identified tech-

nology for two-rice-crop systems that replace the 

single crop system in Barambai, South Kalimantan; 

Bantoa, South Sulawesi; and Blega, Madura. 

Production programs covering hundred of hectares 

are now implemented at those sites. 
Other national programs started pilot produc-

tion and multilocation testing. The Bangladesh 

Rice Research Institute started multilocation testing 

in 1982 using data from the Bhogra rainfed wetland 

site. The yield levels of the MV rice - MV rice 

pattern were very encouraging. The change in yield 

over the farmers' cropping pattern ranged from 52 

to 262%. 
Multilocation testing was initiated in several 

districts of Nepal in 1981-82. The resinits of 175 
successfully completed winter-crop trials indicated 
that technology developed in the cropping systems 
sites can be extrapolated in similar areas. Pilot 
production was started in 1980 to extend the 
toechnology within the cropping systems sites in 
Farsa, Pumdi Bhumdi, Lele, a.d Chauri Jahari. 
Contiguous areas of 20 ha or more were used as 

production blocks to demonstrate the impact of 
the technology in 1982. 

Croppingpatterntesting. The first collaborative 

research in the ACSN was cropping pattern testing, 

which started in 1975 in five cropping systems sites 

in the Ph.lippines, Indonesia, and Thailand. In 

1982, 31 sites in 10 countries in Asia were carefully 

selected to represent major Asian rice-growing 

environments (Table 2). In almost all cases, the 

objective at each site is to increase production, net 

income, and cropping intensity. 
In Nepal and Bangladesh, where some sites have 

1. i Ph cropping intensity, the aim is to improve crop 

and net income. Rainfall distributionproduction 
is the major determinant ofcrop performance. The 

experimental cropping patterns are always com

pared with the farmers' dominant cropping pattern 

at each site. In most cases, the experimental 

patterns result in better total production and 

sites involved in cropping pattern monitoring, 1982.
Table 2. Number of cropping systems research 

Country In crr,'ping Rainfed 

patt,-Y n wetland 
montoring 

Philippines 
Burma 

4 
4 

3 
2 

Indonesia 4 2 
Korea 
Nepal 
India 

3 
3 
1 

-

2 
-

Bangladesh 
SriLanka 
Thailand 

3 
3 
4 

1 
2 
3 

China 2 -

Total 31 15 

Sites (no.) 

Partially 

irrigated 

1 
3 

-

-

1 

-

-
1 
-
-

6 

Irrigated Rainfed Deepwater 
dryland 

1 3 
- -

- 2 1 
3 - -

1 -

- 1 -

1 1 1 
- - -

1 - -

2 - -

9 6 2 
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income than the farmers' cropping pattern (Table 	 program concentretes on soybean, peanut, and 
mungbean. Hybridization, selection, and screening

3). However, to fit the crops into the pattern, a 
are done at UPLB and further screening and

shorter turnaround time between the two crops is 
evaluation in Santa Maria, Pangasinan.

needed. 
In 1982, IPB evaluated 2,227 mungbean cul-

Varietaltesting. The Institute of Plant Breeding 
tivars/ lines and 17 soybean cultivars before rice. 

(IPB) at UPLB received a grant from the Inter-
Mungbean emergence was very erratic because of 

national Development Research Centre (Canada) 
diverse seed sf :irces. Three hundred and sixty-one

to develop varieties of dryland crops for rice-based 

cropping systems. The project includes screening of entries failed zcs germinate and 449 had emergence 

lines and varieties from three international centers below 10%. Maturity ranged from 62 to 79 d. Bean 

(ICRISAT, IITA, and AVRDC) and national yield after the first priming ranged from I to 1.3 

t/ ha. The soybean trial had abnormally low yields
breeding programs and hybridization of selected 

because of poor germination and stunted growth,
promising varieties and selection. The breeding 

of crops in farmers' and researchers' patterns, and promising cropping patterns in various 
Table 3. Rainfall, number 

Asian rice-growing environments in 10 countries. 1982.
 

Cropi in pattern (no.) PromisingRainfall' 

Site Wcropping	 bpatternFarmers' Researchers'SiehWet Dry
months months 

(no.) (no.) 

Rainfed wetland 
Capiz, Philippines 
Agusan, Philippines 
Solana, Philippines 
Shwelongkyu, Burma 

8 
9 
5 
5 

8 
2 
4 
5 

2 
2 
1-2 
1-2 

2 
2-3 
2-3 
2 

Rice  rice 
Mungbean - rice - rice 
Mungbean - rice 
Rice - cowpea 
Rice -sunflower 

Bantoa, Indonesia 5-6 3-6 1 2 Rice rice 
Rice  maize + peanut 

Katapotha, Sri Lanka 2+2 1 1-2 2 Rice - rice 
Rice cowpea 

Serang, Indonesia 
Ratna Nagar, Nepal 

3-4 
4 

5-6 
8 

1 
1-2 

2 
2-3 

Rice - rice 
Rice - fallow maize 
Rice/lentil + lathyrus 

PiMal-Thailand 
Kamphaeng Phet, Thailand 
Alimganj, Bangladesh 

2 
2 
4 

6 
6 
8 

1 
1 
1-2 

2 
2 
2-3 

Peanut - rice 
Rice fallow 
Rice chickpea 

Rainfedwetland (with cooler temperature) 
Pumdi Bhumdi, Nepal 4 
Parse, Nepal 6 

8 
6 

2-3 
2-3 

2-3 
2-2 

Rice - wheat - maize 
Rice - wheat - dhancha 
Rice musia,J - maize 

Yezin, Burma 
Alimganj, Bangladesh 

4 
4 

6 
8 

1-2 
1-2 

2 
2-3 

Rice -peanut 
Rice - rice 
Rice - barley + chickpea 

Partially irrigated 
North Nawin, Burma 
Paranthan, Sri Lanka 
Walagambahuwa, Sri Lanka 

4 
3 
3 

6 
9 
9 

1 
1 
0 

2 
2 
2-3 

Rice -sunflower 
Rir- - mungbean 
Rice - rize 
R ice -soybean 

Patheingyi, Burma 0 7 1 2 Sesame - rice 
Peanut - rice 

Rainfed dryland Maize - peanut3 1-2 2-3
Capiz, Philippines 8 

2-4 Rice + maize - maize 
Bukidnon, Philippines 6 3 2 

+ peanut 

Continued on opposite page 
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Table 3 continued 

Site 

Agusan, Philippines 

Tajau Pecah, Indonesia 

Baturaja, Indonesia 

Ranchi, India 

Irrigated 
Saen, Bangladesh 
Iri, Korea 

Milyang, Thailand 

Phrae, Thailand 

Parsa, Nepal 


Bukidnon, Philippines 

Ratna Nagar 


Deepwater and tidal swamp 
Doudkandi, Bangladesh 

Barambai, Indonesia 

months months 
(no.) (no.) 

9 2 2 

6 4 2-3 

5-6 3-2 2-3 

3 6 1 

- - 2 
- - 1-2 

- - 2 

- - 2 

- - 23 

- - 2 
- - 2 

5 7 2 

7 4 13 

Rainfall Crops in pattern (no.) 


Wet Dry Farmers' Researchers' 


2-5 

4-5 

4 

2 

2-3 
2 

2-3 

2-3 

3 

3 
3 

2-3 

4-6 

Promising 

cropping 
pattermb 

Maize + pewnut - maize 
+ mungbear, - rice 

Rice + maize/cassava/ 
cowpea 

Rice + maize/cassava/ 
peanut 

Rice + pigeon pea 
pcenut + pigeon pea 

Rice - rice - wheat 
Barley- rice 
Potato - rice 
Sweet maize - rice 
wheat - rice 

Maize - rice - peanut 
Maize - rice - mungbean 
Rice - mustard - maize 
Rice - wheat - dhancha 
Rice - rice - rice 
Rice -wheat - mung

bean 
Rice - potato - maize 

DW rice - fallow 
potato 

DW rice - potato 
sesarme 

Rice - rice in field and 
peanut/cassava + 
sorghum on bunds 

- number of consecutive*Wet months - number oT consecutive months with 200 mm/mo or more rainfall; dry months 


months with 100 mm/mo or less rainfall. bBased on total production and net income compared with the farmers'
 

patterns. 

Yield ranged from 0.03 to 0.16 t/ha. 
After-rice evaluation consisted ofa general trial, 

a primary yield trial, and germplasm screening. 
Plantings were done in late October and November 
1982. Peanut was grown only in Pangasinan. A 
total of 3,020 entries were tested at IPB and 3,564 
at Pangasinian. 

In October 1982, IPB began hybridization of 
mungbean, soybean, and peanut. Starting in 
January 1983, 54 soybean crosses, 55 mungbean 
crosses, and 6 peanut crosses will be harvested, 

The most promising entries from IPB, the 
international centers, and national programs are 
submitted to IRRI for seed increase and distribu-
tion to ACSN -ountries. Soybean, peanut, mung-
bean, cowpea, bush sitao, maize, and sorghum are 

included in the varietal testing. In 1982, entries 
varied from 8 to 10 per crop. ThIe soybean entries 
came from IPB, AVRDC, and the Thailand Field 
Crops Research Institute; mungbean, peanut, and 
sorghum from IPB; cowpea from IITA; and maize 
from CIMMYT (Thailand), IPB, and Indonesia. 

Trials are conducted before rice or after rice. 
Trials by country for the 1982-83 cropping pattern 
season are in Table 4. 

F~rm implements for intensive rice-based crop
ping systems. The ACSN working groups are 
collaborating on a simple seeding experiment. The 
objective is to evaluate the performance of the 
rolling injection planter (RIP), designed by IITA 
and modified by IRRI, on the establishment and 
performance of dryland crops grown after rice 
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Table 4. Breakdown of 47 trials before, and 152 trials after, wetland rice in the ACSN 1982-83 cropping pattern year. 

Trialb (no.) 

Bush sitao Soybean Peanut Sorghum Maize 
Country Mungbean Cowpea 

Before wetland rice 

2 1 -11 2 2
Vietnam 11 1 1
Burma 1 1 _ 2Nepal 1 1 2 2 

Nepal 3 - - 1 
-

3 3 -Thailand 21 1Philippines 4 1 3 
1Indonesia 1 

864715Total 
After wetland rice 

Malaysia 1 

2 _Thailand 2 
-Vietnam 2 
2SriLanka 2 

Bangladesh 2 1 
Burma 1 1 

13 2Indonesia 141014Philippines 18 17Total 27 

zero and optimum tillage conditions. The
under 
experiment and data format were finalized during 

the 1982 rice conference. Maize, sorghum, mung-

bean, wheat, soybean, and cowpea are the dryland 

crops in the trial. Treatments include the traditional 

or broadcast, RIP, and furrow seeding. The exper-

iment isconducted at either the experiment station 

or the cropping systems site. 

IRRI distributed nine RIPs to Indonesia, two to 

one each to Bangladesh, Korea,
Thailand, and 
Nepal, Sri Lanka, and Burma. Burma obtained an 

additional nine planters for its cropping systems 

sites. Korea dropped from the study because a 

Korean-developed seeder isbetter-suited to Korean 

cropping systems practices than the RIP. 

In Burma, initial tests with soybean, sunflower, 

maize, and sorghum were successful in establishing 
crops after rice in a rice field freshlydryland 

harvested with a 1-m reaper. The other collabora-

ting countries began RIP tesing in October-

December 1982. 
Long-term croppingpatternandfertilizerstudies. 

ACSN thatconcern in theThere is a major 
increased intensive crop production may result in a 

rapid loss of soil fertility and productivity. Because 
on the effects of continuous

there is limited data 
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2 
2 

2 
-

2 
1 

2 
2 

2 2 2 

3 1 4 

1 
1 
4 

11 

1 
4
7 

2 
28 

1 
414 

25 20 16 29 

cropping in these areas, the ACSN scientists are 

collaborating in long-term cropping pattern and 

fertilizer studies at irrigated wetland sites in Korea, 

Nepal, Indonesia, Burma, Thailand, and China; 

dryland sites in Indonesia and Nepal; and rainfed 

wetland sites in Bangladesh, Burma, and Indonesia. 

Each study is based on local environmental condi

tions. locationsfive studies at manyIn Indonesia, 
include: 

i effectiveness of partially acidulated phosphate 

rock in year-round cropping patterns, 
• crop .,d soil response to lime and P treat

ments in cropping patterns over time, 
a controlled release N fertilizers (SCU) in dry

land cropping patterns, 
a evaluation of effects of crop residue manage

ment on soil and production in year-round 

cropping systems, and 
* long-term effects of S-free and S-containing 

fertilizers on the fertility status of soils. 

In 1982, IRRI initiated long-term fertility studies 
-- TPR - mungbean and rice 

on wetland DSR 
wheat and crops residue management studies on 

TPR - mungbean.
dryland rice - maize and TPR 



China and Korea have ongoing long-term crop-
ping pattern studies. In 1982, Burma initiated long-
term fertility trials on rice - soybean - maize and 

residue management trials on DSR - maize 

mungbean. 
Rice - wheat croppingsystems. Rice and wheat 

are two important cereal crops. In Asia, where 

about 90% ofall rice is grown rice is often planted 

during the WS and wheat du ang the cooler DS. 

Rice - wheat cropping patterns are very common in 

subtropical Asia. CIMMYT and IRRI are using 

their joint expertise to help ACSN countries 

increase food production through two- or three-

crop patterns. Currently, collaboration is focusing 

on identification of better varieties with multiple 

pest and disease resistance that makes them fit the 

rice - wheat patterns (rice - wheat, rice - rice - wheat, 

rice - wheat - dryland crop). 
In 1982, CIMMYT provided 14 wheat varieties 

from its breeding program. National programs 

provided the local check. Wheat was planted 
immediately after the rice crop harvest. There were 
33 trials in 13 countries. 

RESEARCH INFORMATION SHARING 

The 13th working group meeting, held in Bangkok 

and Chiang Mai, Thailand, was cosponsored by 

the Thailand Department of Agriculture and IRRI. 

Thirteen working group members from 10 countries 

and 21 resource persons and 27 observers, mostly 

from the Thailand Department of Agriculture and 

Universities, attended. The group visited the crop

ping systems research sites in Phrae and Phayao 

and the multiple cropping project in Chiang Mai 

University. 
Discussions centered on planning the collabora

tive research on long-term cropping pattern and 

fertilizer studies, rice - wheat systeins, and farm 

implements. 
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POWER TILLERS 

PT-5 power tiller. Continuing field testing of the 

PT-5 (3-hp) power tiller resulted in the frequent 

loosening of the handlebar friction joint that 

provides the handle-height adjustment. The hold 

of the handlebar bracket to the transmission casing 

by six bolts also frequently loosened. Some tiller 

operators expressed preference for the grip-type 

clutch lever located at the ight-hand side of the 

handle, a feature of a popular imported tiller. 

In view of these observations, two flat bars were 
towelded on top of the transmission casing 

strongly fasten the handlebar bracket to the casing. 

An L-shaped, box-type handlebar (Fig. 1)fabri-

1.9-mm steel sheet, instead of thecated from a 
standard pipe used in the old design, was bolted on 

To make its lengththese mounting brackets. 
adjustable, an extension pipe was inserted inside 

the handlebar and was supported by outer and 

inner sleeves fabricated from standard pipe. The 

outer sleeve was provided with a clamping bolt and 

bracket to permit adjustment and to prevent 

movement in any direction when the clamp bolt is 

tightened. The outer end of the extension pipe was 

welded to a clamp assembly that securely holds the 
handle made by bending abase of a V-shaped 

standard pipe. The handle can be adjusted to suit 

the operator's height by loosening the two clamp 

bolts. 

The grip-type clutch lever (Fig. 1)was equipped 

with a spring-loaded hook that automatically locks 

when the lever is pressed to disengage the drive. 

The drive isreengaged by slightly gripping the lever 

to unhook the lock and release the lever. The clutch 

lever, installed at the right-hand side of the handle, 

was connected to the idler pulley in the normally 

engaged position, i.e., the pulley is pressed against 

the drive belt. 
Efficiency measurement for the IRRI power 

tiller. The operational efficiency of every power 

tiller designed and fabricated at IRRI must be 

examined to ensure the best performance in actual 

field operation and decrease operating expenses. 

One method of measuring power tiller efficiency is 
Institute ofusing prony brakes (Fig. 2). The 

Agricultural Machinery (Japan) donated the prony 

break to IRRI. It has a maximum capacity of 

10 hp, ideal for testing all IRRI-designed power 

tillers. 
Efficiency isdetermined by measuring the input 

power of the calibrated electric moLor and the 

output power determined by the prony brake. 
PT-5, the efficiencies atIn one trial of the 

different loads such as 0.746 kW (I hp), 1.119 kW 

(1.5 hp), and 2.238 kW (3 hp) were 78.7, 85.0, and 

88.1%, respectively. 
The prony brake has proven to be an excellent 

instrument for measuring transmission efficiency 

~Clutch lever clamp 
Engine throttle lever 

Clutch disengaged position 

Clutch engaged 

I. Grip-type clutch lever for the PT-5 tiller. IRRI. 1982. 
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B itkham detc o r supply input 

La cell~g rrrpm 

To 220 VWa3 power sorce 

2. Prony ,rake sct-up for measuring power tiller efficiency. IRRI. 1982. 

and for the power tiller life test. It can handle loads being planned to simplify the toolbar assembly for 

at any setting and can be adjusted smoothly. better depth control otfthe furrow openers. The 
toolbar will have wheels, fabricated from rounded 

flat bars, on both ends (Fig. 3) instead of one caster 
PLANTING EQUIPMENT wheel supporting the middle portion as in the old 

Inclined-plate planter. The development of the design. The hopper will be attached directly above 

inclined-plate planter will provide an additional the furrow openers to shorten the distance travelled 

implement for the power tiller. Modifications are by the seeds from the metering system to the 

Hitcn of p,.,er tiller 

Grain hopper Lifting handle - " 

drive caosins"
sn HCin Fu 

tace2iecl.bvoprwilb for meteringj planter. I i/3.Inclined-plate deeomnto9h dsg.Te 

. e plmasner iller einncndpk 
willSNprvd4nadtonl planterEN tefro7pnest1hre h dsac rvleinclined-plate~~~MAttlER 

MAClIN E LE i rmTINundedhDaEve a 
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wheels to thefurrow. Power from the ground 
metering system will be provided by chains and 

sprockets. 
International Institute of Tropical Agriculture 

rolling injection planter. Modifications made on 

the RIP were based on the results of a 1982 

workshop. 
The original seed-roller cover, which tended to 

pinch the seeds, and the brush cutoff device were 

replaced with rubber materials (Fig. 4). A stiffener 

was added to regulate seed metering, depending 

upon the requirement per hill of the given crop. 

The movable opener assembly ofthe 18- and 25-cm 

spacing was also improved for timely seeding and 

opening of the puncher. To avoid untimely opening 

caused by stones or hard soil clods, the movable 

puncher was shortened; and to reduce soil clogging, 

its foot was tapered (Fig. 4). To reduce seed loss 

during planting, the hopper funnel was lengthened 

(Fig. 4). 
The improved RIP performed satisfactorily in 

tests at IRRI and other sites. Research on its use 

for establishing dryland crops on rainfed-bunded 
rice is under way in southern Philippines. The 

ACSN extended RIP use to other Asian countries. 

DEEP PLACEMENT OF FERTILIZER 

Development strategies. Studies at IRRI and 

elsewhere have shown that fertilizer-use efficiency 
can be substantially increased with deep placement 

at 5-15 cm in flooded rice fields. Most of the high 

fertilizer losses that result from conventional 

broadcasting methods are attributable to volatili

zation, nitrification, and denitrification. For more 

than a decade, the People's Republic of China and 

IRRI have been developing simple machines for 

root-zone fertilizer application in flooded rice 

fields. Some of the machines have performed well 
but have not been accepted byexperimentally, 

farmers. 
The following general conclusions have been 

drawn from the experience so far: 
• PU is the only form of fertilizer used by most 

farmers in the tropical countrics. Because of its 

ready availability, a much higher priority must 

be placed on the development of applicators 


for prilled fertilizers. 

9 Machines that can apply more than one form 
of fertilizer [such as PU and forestry-grade 
urea (FGU) or PU and USG] should be 

developed. 
* The difficulty of transporting clean water to 

fields, the need for containers and extra labor, 

and the high cost of metering mechanisms will 

continue to be major constraints to liquid 

-

71 

,_ .
 

.
 

.
 
;0N 

4. RIP modifications: rubber material for the seed-roller cover 

and brush cutoff device (top), the tapered foot of the movable 
puncher (center), and the increased length of the hopperfunnel. 

IRRI, 1982. 
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fertilizer acceptance in the developing coun-

tries. Because the demand will be small, a low 

priority should be placed on dissolved-fertilizer 
applicators. 

* Because farmers have been reluctant to accept 
the long-recommended practice of incorporat-
ing fertilizer during the last harrowing opera-

tion and are generally applying fertilizer many 

days after transplanting, applicators for post-

transplant operations may have a much better 

chance of acceptance. 
" Single-row machines and most intermittent-

type applicators require too much labor. To 

keep labor input for deep placement in line 

with that for conventional methods, contin-
uous multirow applicators must be designed. 

" Because human power is limited, the force 

required to push a machine must be very low. 

" The options ofcombining fertilizerapplication 
with transplanting, weeding, or insecticide 
application have merit. A combination weeder-
applicator may be of special interest because 

farmers prefer to apply fertilizer after weeding. 

* Small farmers are generally not mechanically 
machines be relativelyinclined, so should 

simple and sturdy. However, to reduce power 

needs and to improve machine mobility in wet 

rice fields, machines should be light. These 

conflicting demands will require design com-

promises. 
Design criteia and new concepts. From the 

study of experimental manual and power-driven 
deep-placement applicators developed in the 

People's Republic of China and at IRRI, lists of 

farmer acceptance criteria were compiled. 
Essentialfeatures of manually operatedappli-

cators. 

" Must apply prilled fertilizer 5 to 10 cm deep. 

" Operation must be continuous (nonintermit-
tent). 

* Must apply commercial grade fertilizer with-

out further grading. 
" Rate of application: 45 to 75 kg N/ha (two to 

three bags of urea). 

" Must function in up to 5 cm of water. 

* Must function from 5 to 20 DT. 
* Maximum labor requirement: 8-12 h/ha per 

application. 

* Lightweight (10-18 kg) - can be lifted at the 
end of the row. 

9 Approximate selling price: $45-$90. 
e Must adequately seal ground-placement open

ing. 
* Must last 4-6 seasons.
 
0 Pulling or pushing force: 7-10 kg.
 
* Smooth, unidirectional manual movement 

during operation. 
Desirablefeatures of manually operated appli

cators.
 
* Can be used for both PU or USG. 
* Mechanism rotary rather than oscillating. 
* Rolls on wheels rather than on skids. 
* Push-type for posttransplant operation. 
* Multirow operation: two-four rows. 
* Nonfurrow opener type. 
* Mechanical injector type.
 
0 Easy to manufacture by small shops.
 
• Should not require high precision in produc

tion. 
• Pull-type for pretransplant operation. 
e Can also be used for random-seeded crop. 

Undesirablefeatures of manually operated 

applicators. 
9 Intermittent operation. 
* Multidirection action during operation. 
• Use of liquid-conveying mechanism.
 
a Complex mechanisms.
 
* Delicate mechanisms. 
Essentialfeaturesofpower-driven applicator. 

0 Must place prilled fertilizer 5-10 cm deep. 

0 Must apply commercial grade fertilizer with

out further grading. 
e Rate of application: 45 to 75 kg N/ha. 
&Must function in up to 5 cm of water. 
e Continuous nonintermittent operation. 
a Multirow design: six to nine rows. 
• Must apply fertilizer before transplanting in 

fully puddled soils. 
0 If used after transplanting, must not damage 

plants. 
0 Maximum labor requirement: 3-4 h/ha per 

application. 
* Approximate price as power tiller attachment: 

$170-$225; self-propelled: $350-$450.
 
0 Must last 6-8 seasons.
 
Desirablefeaturesofpowei -drivenapplicator. 
0 Can be used for both PU or USG without 
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modification. 
" Can be used for both row-planted and 

randomly planted fields. 
" Tiller attachment small-powered rather than 

self-propelled. 
" Rolling rather than sliding action for ground 

support. 
* If self-propelled, single-wheeled rather than 

two-wheeled, 
" High-velocity injection type, with pneumatic, 

centrifugal, or impact-drive mechanisms. 

• Easily fabricated by small shops. 

Undesirablefeatures ofpower-driven applicator, 

" Intermittent action. 

" Two- to three-row machine, 

" Liquid-conveying type. 

" Complex and delicate mechanism. 


Based on the above specifications, new concepts 


for manual and powered applicators were pro-

posed. 
Cup-type metering mechanism for granular fer-

tilizers. PU with granule sizes ranging from 1.0 to 

2.4 mm is the most common fertilizer for rice in 

Asia. FGU (4.0-5.7 mm) is commercially available 

in some industrially advanced countries. Recently, 

some 	 fertilizer companies have experimentally 
to 16.4 mm) for deep place-produced USG (11.4 

Fertilizer topper-. 

ment in wet rice fields. So there is now a wide range 

of granular fertilizers available to farmers. Most 

fertilizer-metering devices depend on granule size 

and uniformity. With the increasing size variations, 

a versatile metering mechanism is needed. 

Basic metering devices that are not too depen

dent on granule size include the variable opening 

with agitator, the indented rolled, the auger feed, 

and the cup-type feed. Among these, the cup-type 

feed is the least dependent on granule size and 

offers the best potential for development. 

A cup-type metering device fabricated in the 

laboratory consists of a hopper and pick-up 

chamber with a rotating circular disk fitted with 16 

semicircular cups on its periphery. Nine, 10 (Fig. 5), 

and 12 cup disks were used in later designs. An 

opening with an adjustable gate connects the 

hopper with the pick-up chamber. The size of the 

opening controls the fertilizer level in the chamber. 

As the disk rotates, fertilizer is picked up by the 

cups and carried -ntil it falls out when the cups 

reach the top. A semicircular guide plate along the 

inside diameter of the cups guides the material 

falling from the cups along the cup circle for 

tangential delivery. 
This arrangement works well with USG. A 

bemicircular cup of 1.6-cm diameter picked up one 

Adjustable gate 

Guide plate 

Metering cup 

Pick-up chamber 

,-Tangentiol drop 

5. Experimental 10-cup metering device with tangential drop. IRRI, 1982. 
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USG at a time as it passed through the chamber. 

Because of the wide variation in USG shape and 

size and occasional twin granules, the standard 
commercial USG material and USG hand-sorted 

a
for uniformity were tested. The device had 

metering efficiency of95 ± 2% within the peripheral 
cup velocity range of 2.6-18.2 m/ min when the rate 
was set for 100%. The device had a more or less 
consistent metering performance over this range of 
cup peripheral velocity for both sorted and 
unsorted USG (Fig. 6). The peripheral drop design 
however was not suited for PU and FGU. 

A funnel-shaped device was installed on a 
second laboratory unit on the inside of the upper 
part of the cup pitch circle to catch and de!iver 
material falling from the cups (Fig. 7). The hopper
base angle can be tilted from 250to 750 from the 

horizontal at 50 intervals. An adjustable slide gate 

between the passage connecting the hopper and the 
pick-up chamber controls t ' fertilizer level in the 
chamber. 

Preliminary tests indicated that USG and FGU 
can be metered satisfactorily at hopper-based 

angles ranging from 350 to 750, provided the 
hopper opening is adjusted properly. For PU, the 

machine performs better at base angles greater 
.than 55' As the base angle increases, the gate 

opening must be reduced to maintain the same 

level of fertilizer in the pick-up chamber. Increasing 
peripheral velocity tends to increase the amount of 

J!':
 

Metering accuracy (%)eoo 

Meter v set#ng 

97 

95 

93 

9o 
9- Sorted USG 

Unsorted USG 

85 

0 	 2.6 52 7B 10.4 13.0 156 18.2 20.8 
Cup peripheral velocity (m/min) 

6.Performance of cup-type metering device at different cup 

peripheral velocities with both sorted and unsorted USG. IRRI, 

1982.
 

double-granule pickup for USG and the amount of 

PU and FGU per cup. At the higher cup velocity, 
each cup picks up more of the smaller granules. So, 

somewhat larger cups may be necessary for 

can adequately handle PU, FGU, and 
7. With proper adjustment of the hopper-base angle, this laboratory cup-type mechanism 

USG. Note the funnel-shaped device for catching and delivering the material. IRRI, 1982. 
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each tube to indicate furrow sealing quality.metering fertilizer with larger granules to deliver 
the same amount of fertilizer. Emergence points of the colored water may give 

some clues about how the fertilizer is lost andFurrow closers for minimizing fertilizer loss in 
flooded fields. Losses in deep-placed fertilizer in whether the closed furrow channel under the soil is 

flooded fields are seriously affected by the method contiguous or broken. This procedure is being 

of ',sing the placement furrow, but the reasons repeated for different soil settling times (5, 10, and 
15 d after puddling) and for three different skid are not wl. understood. Water entering a furrow 


duringplacenent may quickly dissolve some ofthe ground pressures (7, 11, and 14 g/cm2).
 
In a second set of experiments, water is drainedfertilizer; the solution may splash out when the 

from the bins and the furrows are opened. Fertilizerfurrow is closed with soil. Furrow closers of 
on various IRRI is carefully applied and the furrows closed usingdifferent designs have been tried 

one type of furrow closure in each bin. The bins are
applicators with mixed results. 

with 5 cm immediately afterA study is under way to investi~ate the impact of 	 flooded of water 
furrow closure. The concentrations of urea andfurrow closing on fertilizer loss in flooded fields 

and to compare under carefully controlled labora- ammonium Nin the floodwater are measured at 4-h 

tory conditions four furrow closers used with IR RI intervals for 5 DAT to study the effect of each type 
of closure on fertilizer loss. This procedure is1-ingmachines. The closures are plain skid, plain skid 

with inverted U-shaped closure., plain skid with repeated for the three settling times and the .hree 
normal skid ground pressures.staggered soil-deflecting blades, and plain skid with 

staggered soil-deflecting blades and with a rear Manually operated spring auger granular fertil

press plate. izer applicator. The two-row spring auger fertilizer 

About 20 cm of Maahas clay soil was placed in applicator, developed last year, was extensively 
tested in 1982. Major problems encountered withfive fabricated laboratory soil bins (4X IX 0.4 m). 
this pull-type machine included inadequate cover-A tool carrier mounted on two rails on top of the 
ing, excessive pulling force, and imprecise movebins moves the furrow openers and closers. An 
ment between rows. This machine was redesignedelectrically powered cable-drum arrangement pulls 


the tool carrier with the furrow openers or closers for pushing (Fig. 8).
 

at a uniform walking speed of 1.5 km/h. Strain Thecurveddeliverytubesoftheearliermachines,
 

gauges on each tool mounting beam permit force which caused the spring augers to break off after
 

on each opener or closer under only 8 h of operation, were replaced with straightmeasurements 
auger tubes with a 90" bevel sprocket drive. Thecarefully controlled soil and water depths. Weights 

are added on the closure skids to achieve normal delivery tube diameter was reduced from 29 to 19 

pressures on the soil. 
The soil is puddied uniformly and then leveled 

' -'"and settled for 5, 10,and 15 d. Tap water is used to 

maintain the 5-cm water level in the bin. Water is \
 
drained from the bin just before furrow opening. F.
 
After furrows have been opened in the drained soil
 
five 0.32-cm diameter tubes arc placed at the
 

bottom of each furrow. Each tube connects to a 

graduated liquid container. The tubes have the ."
 

same length, but the furrow openings are stagg, red .
 

to permit measurement of percolation rates at fi,
 

points.r
 
The furrow is then closed with the furrow closers .
 

at 1.5 km/h. Then, colored water i- released __
 

throug ah under a pressure head of
itube 	 8. The spring auger granular fertilizer applicator was redesigned 

15.4 	ra. A graph indicating time required for for pushing which permits better movement control and more 
effective furrow opening and closing. IRRI, 1982.discharging a known water quantity is plotted for 
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cm and the placement depth from 10 to 5cm by 

raising the auger at the skid mounting. The auger 

drive shaft was extended 8 cm into the spring auger 

at the drive end, preventing PU from flowing 

through the delivery tubes when the huger was not 

rotating. The free-floating ground drive wheel was 

retained because it provided good flotation when 

fields were soft and reduced the skid load. 
To compensate for the reduced flow rate because 

of the smaller diameter auger, a step-up bevel 

sprocket transmission :a. designed with a 15:1 

ratio, which permitted a maximum metering rate 

of 87 kg N/ha. The furrow opener and closures 

were modified by installing a 150 , .haped opener 

and a single soil-deflecting furrow closer. Initial 

trials have indicated promising results with satis-

factory placement at 5-7 cm and reduced pushing 
and ammoniumN measurementsforce. Urea 

showed that plots fertilized with the two-row 
plots fertilizedmachine performed similarly to 

with the USG plunger-type applicator. Further 

tests are under way in farmers' fields. 
Prilled fertilizer applicL'qr for IRRI trans-

planter. In 1982, a PU applicator attachment 

(Fig. 9) was developed for the IRRI transplanter 

because PU is the most commercially available 

fertilizer in Asia. Combining the transplanting and 
minimize labor require-fertilizing operation can 

ments and may help popularize mechanical trans-
placement of fertilizer. Theplanting and deep 

applicator can simultaneously place PU 5-7 cm 

deep at a precisely indexed position between two 

plant hills during transplantiig. 

K:I . -e
, 

for the IRRI trans-
9. Prilled fertilizer applicator designed 

planter. IRRI, 1982. 

The machine has two fertilizer hoppers with 

auger-type feed mechanisms mounted on the four

row IRRI transplanter. The auger delivery tubes 

extend 5 cm below the transplanter skid. Narrow 

V-shaped furrow openers are attached in front of 

the auger tubes to reduce soil resistance when the 

machine is moved. The portion of the transplanter 

skid at the rear of the auger tube closes the furrows 

as the machine moves. 
Fertilizer is metered and ejected during the 

downward stroke of the transplanter's handle. The 

feed auger is driven by a cable wound on a free

wheeling pulley mounted on the auger drive shaft. 

As the transplanter hiandle . pushed downward, 

the cable unwinds and drives the auger shaft. Aflat 

coil spring rewinds the cable back on the auger 

drive pulley when the transplanter handle is 

retracted upward. Fertilizer rate is varied by 

changing the cable attachment point on the picker 

link, which changes the cable travel for each stroke. 

Results of initial tests are encouraging and the 

machine is undergoing further testing. 
Rol!ing presswheel applicator. Force-feed in

jector and auger-feed applicators for deep place

ment of fertilizer in wet rice fields are being tested 

and further developed at IRRI and in the People s 

Republic of China. However, a rolling presswheel 

machine is another alternative for force-feeding 

fertilizer and could offer greater versatilit,' because 

it can place different granular materials. 
The machine has a large-diameter narrow wheel 

which, by its rolling action, transports fertilizer 

from the metering mechanism for deep placement 

into the wet soil (Fig. 10). The main components 
19-mm wide and 50.8-cm diameter rollingaie a 

presswheel with a C-shaped grooved rim and a 

cup-type fertilizer-metering mechanism, which is 
iheel axle and mounted onchain-driven from the 

top of the wheel. A scraper blade, mounted in the 
the of the wheel, scrapesC-groove at bottom 

clinging fertilizer from the groove and deposits it at 

the bottom of the wheel furrow. 
used with PU, excessWhen the machine was 

mud and water clinging to the whenl sometimes 
wetted and blocked the fer'.lizer delivery funnel. A 

rubber wiper installed or,the rim groove eliminated 
I the wetting problem. PU sometimes dropped on 

the rim in heaps; portions that did not adequately 
cling to the wet rim groove fell in front of the 
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10. The roiling pre.sswhieel fertilizer applicator can offer greater placcment versiltility. IRRI, 1982. 

machine as it moved. A rubber spreader, mounted 
on the rim in front of the fertilizer delivery point, 
helped to spread the fertilizer more evenly on the 
rim and minimized the fertilizer loss. 

Because of its larger granule size, FGU did not 
cling to the wheel. A retaining guard mounted at 
the lower front of the wheel eliminated dropping of 
the large granules on the s3il strface. The front 
retaining guard was mounted with a spring-loaded 
arrangement to accommodate various amounts of 
fertilizer between the rim and the guard. 

One skid at the rear of the wheel and one in front 
were required for the single-row machine. The rear 
skid had two staggered soil-deflecting blades to 
push loose soil back into the wheel groove for 
better sealing of the wheel furrow. The single-row 
machine weighs 10 kg without fertilizer in the 
hopper. Pushing the machine was found to be 
more satisfactory than pulling. A two-row machine 
is being designed for more stability. Preliminary 
evaluation of floodwater measurement of urea and 
ammonium concentration in fields fertilized with 
the rolling presswheel indicates that it performs 
better with FGU than with PU. 

Transplanter-mounted liquid chemical injector, 
The five-row peristaltic pump metering device was 
mounted on the IRRI transplanter to inject liquid 
fertilizer and systemic insecticide below the soil 

surface simultaneously with rice seedling trans
planting. The additional force iequired to operate 
the transplanter with the mounted injector was 
determined by installing a compression-tension 
type of load cell on the transplanter handle. The 
average pulling force was taken when the operator 
was pulling the machine at uniform speed with and 
without the mounted injector. Pulling and trans
planting forces were also instantaneous during the 
normal operation of the machine. 

Pulling forces averaged 12 and 10 kg when the 
transplanter was operated with and without the 
injector, respectively. Increases of about 1-2 kg of 
the maximum transplanting force and .bout 6-8 kg 
of the maximum pulling force were also reco-ded. 
The increased weight of the transplanter with the 
mounted injector has caused these increases 
required in pulling and transplanting forces. Field 
obf ivations showed that the transplanted seed
lings in the middle row of the transplanter usually 
fell along the footprints of the operator. An even
rowed transplanter was therefore designed to avoid 
the problem. 

The design of the four-row transplanter (Fig. !1) 
will reduce considerably the weight ofany mounted 
fertilizer applicator, because it will only require one 
applicator for every two rows instead of one for 
every row. 
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/Feeding frorne - Seedling pusher 

11. Four-row IRRI transplanter. IRRI, 1982. 

Analytical measurement of application power of 

two-row deep plunger USG applicator. Designed 
8 cm deep for straightto place USG up to 

transplanted rice, the two-row deep plunger can be 

hand on the main frameoperated by using one 
handle (whirh drives and guides the machine) and 

the other on the plunger handle. The machine 

applies four rows per passing and places the USG 

in the center for four hills. The operator's path is at 

the center row and different from the applicator's; 

thus, the applied granules are not disturbed. 

In this trial, the required force to push the 

machine and the forces involved in operating it 

were measured ---sing the outlined instrument in 

Figure 12. 
Table I shows the results at two different times 

after transplanting. Figure 13 also shows the 

instantaneous puliing and pushing forces at the 

plunger handle of the two-row USG applicator. 

With the applicetor, a I-ha field can be fertilized 


in 1.7 d (13.59 h) using 58 kg N/ha, and 2.6 d (20.8 


h) using 87 kg N/ha. The two-row plunger is easier 

to balance than the single-row applicator, 

TWO-STAGE AXIAL-FLOW PUMP 

Feedback from the farmers and IRRI industrial 
a need for a high-extension engineers indicated 

Picker- -Tro 

Fra 

Tray '.t actiating crank 

Base 

capacity portable irrigation pump to lift water 

from 4 to 6 m. Because the existing axial flow 

pump was designed for lower lifts of only 3 m and 

an 70% minimum efficiency, it will perform at a 

drastically reduced efficiency if used for higher lifts. 

The new two-stage axial flow pump will operate 

at the required minimum efficiency when used to 

lift water 3-6 m. A schematic diagram of the 

proposed two-stage axial flow pump is in 

Figure 14. 

THRESHING EQUIPMENT 

Improved portable axialflow thresher (TH-6). A 

project ;' improve the portable axial-flow thresher 

was initiated. The improved portable thresher 

must have a threshing performance comparable to 

or better than that of the commercially available 
still be simplyan locally-made threshers and 

constructed and affordable to small farmers. The 

improvements made on the fabricated prototype 

(Fig. 15) come from new design ideas and good 

features already existing on farmers' threshers. 

To improve portability, the new prototype can 
engine base,be disassembled into the engine an 

the cover and the feeding tray, and the threshing 

cylinder and the blower. Each of these major 
to be carried to theassemblies is light enough 
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12. The load cell is attached to A when the pushing force ismeasured, then transfei red to B when the application forces are 

measured. Wire is connected from the load cell to a signal conditioner and a recorder. IRRI, 1982. 

Table 1. Force requirement to operate the two-row deep 

plunger at two times after transplanting. IRRI, 1982. 

Operation 

Pushing 
Picking USG 
Deep-placing 
Lifting the plunger 
Actuating USG 

aSoil cone index value:
2 at 12 DT. cm 

Force (kgf)s 

3 DT 

2.37 
1.71 
1.61 
1.85
1.64 

1.76 kg/cm2 

12 DT 

3.03 
1.61 
2.18 
1.79135 

at 3 DT, 2.28 kg/ 

threshing site and easily reassembled with bolts. 

The louvers attached to the cover have been 
redesigned. The material caught in the first louver 

is effectively conveyed to the second louver and so 

on until it reachl tie discharge point. The bent 

corners of the semihexagonal cover help separate 
staw by interrupting theloose grains from the 

smooth flow. 
The lower concave is a combination of three 

round bars alternated with one flat bar, creating an 

surface for improved threshing efficiencyuneven 
and less separation loss. Adjustable stationary pegs 

remedied the problem with long-strawed rices 

encountered in the old design. To accommodate 

more material at the feeding end, the tray's height 
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13. Instantaneous pulling and pushing force at the plunger 

handle of the two-row USG applicator. IRRI, 1982. 

and leng,,.h were inc. ,.sed. The straw paddle tips 

were provided with shiort pegs to minimize clogging 

of straw at the discharge section. 
from the lower concave fallThreshed grains 

through a trough where they are caught with an air 

stream from the blower. Cleaned grains drop 

directly to the ground or to any container as light 
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14. The two-stage axial-flow pump assembly isso constructed to be easily changed from asingle-stage to a two-stage pump. 
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15. Improved IRRI TH6 axial flow thresher. IRRI, 1982. 

chaff, unfilled grains, and other impurities are blown out through the grain board.
 
removed by the blower's air stream passing through The improved prototype, the original design,
 
a grain board. The inclination of the grain board and a manufacturer's model were compared for
 
can be adjusted to attain the desired parity, efficiency in threshing of long and short straws. A
 

In prototype tests, the improved portable 10-hp gasoline engine was mounted on the proto
showed a lower separation loss than that ol the type. On the basis of the comparisons, the lower 
original TH-6 design. The extensive threshing concave was modified to a two-section concave 
action inside the threshing chamber resulted in - onesection made of round bars and theotherof 
more broken straws, which decreased the efficiency 12-gauge, 13-m mesh wire. 

of cleaning the threshed grains. Air velocity was Experimental panicle thresher with straw chop
adjusted by increasing the engine speed. This per. The IRRI-designed axial flow thresher emits 
improved cleaning but caused more grains to be bruised, damaged, and long straws. An experi-
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mental thresher was designed to chop straw and 

spread it back onto the field for soil incorporation 

during the next land preparation and to satisfy an 

increasing market for chopped straw. 
The machine cor.yrises the threshing unit, the 

straw chopper, and the feeding unit (Fig. 16). The 

threshing unit is based on the original axial flow 

design with some modifications. The peg teeth are 

made of flat bars instead of round bars or bolts and 

their frontal surfaces are shaped with logarithmic 

curve profiles in relation to the cylinder's direction 

of rotation. Clearance between the cylinder pegs 

and the concave was reduced to 1.3 cm. The 

cylinder is designed to operate at peripheral 

velocity of 14.5 m/s. Instead of a straw paddle, 

were used to move the straw to the rotarypegs 

cutter.
 

The chopping unit has a series of saw tooth 

and twisted
blades mounted on a single shaft 


counterclockwise during assembly. The cutter is 


designed to cut straw 6 cm long and to cut the 


panicles at the feeding side of the threshing 
chamber. A standard reaper's knife is used as the 

counterknife. To chop straw effectively, the cutter 

is designed to operate at a linear speed of 4 m/s. 
A feeder operating at 0.72 m/ s conveys material 

to the straw chopper and isdesigned to protect the 

operator from the cutting mechanism, orient the 

straw at a right angle to the cutter, and limit the 

maximum rate of feeding into the threshing 
chamber. 


The cover is made semihexagonal to assist in 


separating threshed grains from the straw by 


, 


- . 

/I 

"+ 


S-observed. 

______-.specifications. 

16. Experimental panicle thresher with straw chopper. IRRI. 

1982. 

482 IRRI ANNUAL REPORT FOR 1982 

interrupting the smooth circular motion. The 

concave ismade of flat bar grills at the feeding side 

and a 12-mm wire mesh at the separation section. It 

is also provided with five partitions with a 

removable cutoff wall allowing visual inspection of 

the threshed grain from the feeding side to the 

discharge side. 
The prototype was tested using a 5-hp gasoline 

engine. High power was necessary for the chopper 

to cut stcaw at a 6-cm length. Cut panicles wrapped 

around the feeder and chopper shafts, clogging the 

inlet opening of the threshing chamber. The inlet 

opening was too narrow to accommodate panicles 

of various lengths. 
Modification and evaluation ofthe experimental 

panicle thresher are continuing. 

IRRI REAPER PROJECT 

1.6-m lightweight reaper. Design improvement and 

field performance testing on the 1.6-m lightweight 

reaper continued. 
Several material specifications on the main 

the hitch frame skid, and the gatheringframe, 
header mechanism were changed. For ease of 

fabrication and maintenance, the extreme-right 
header starwheel mounting bracket was made 

similar to the other four mounting brackets. 

Polyvinyl chloride starwheels with reduced diain

eter were also added. An adjustable rear skid (Fig. 
17), mounted to the hitch to eliminate vibrations 
when the front skid passes over humps or holes, 

can easily be lifted when crossing levees. The rear 

skid was very effective on soft soil and also 

positively balanced the reaper for cutting evenness. 
Upper and lower convey ,rbelts were provided 

with crest joints (Fig. 18), which improve the 

strength and life of the belt conveyorjoints without 

obstructing the flow to the discharge end. 
The prototype performed well during the tests at 

IRRI and farmers' fields in Laguna Province, 

Philippines. Duringlater tests incentral Luzon and 

the Bicol regior, :etal fatigue on the main frame 

and dai . anc the hitch mounting frame were 
As a result, stronger materials were used 

on subsequent units and incorporated with the 

1-wr p-r.Modificationforacommercialhand 

tractor.The CAAMS-IRRI reaper was modified 
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17. The 1.6-in reaper with adjustable rear skid. IRRI, 1982. 

-, 

S . _first 

" .to 

18. Crest joints for the upper aind louer holt conveyors of the 

1.6-m reaper. iRRI, 1982. 

so that it could be attached to the Honda hand 

tractor (model G42). To minimize modification on 

the hand tractor, the reverse sp:ed of the unit was 

initially used to drive the reaper. A quarter-turn 

V-belt (Fig. 19) brought power to the reaper's knife 

drive shaft and an incli-,,. spring-loaded idler was 

incorporated into the diriv,; system. An adjustable 

19. Quarter-turn V-belt used on the I-rn reaper modified for 
attachment to a commercial hand tractor. IRRI, 1982. 

rear skid, adapted to the built-in counterweight of 

the tractor, balanced the weight. 
Preliminary tests using reverse speed showed a 

low field capacity, so forward speed was used with 

better results. Modifications were made on the 

tractor by moving the engine and its mounting 
bracket assembly from the front to the rear. A 

e mbyfr m th frot to a r. A r ea 
reaper hitch frame was fabricated to allow belt 

and thestretch and wear between the reaper 

tractor. 
Using curved pipes, the rear skid was directly 

mounted underneath the two outermost header 

pipes. The skid can be easily adjusted by trans
ferring the lockpin to the next drilled holes on the 

adjustment bracket. A 0.46-m diameter cagewheel 

was installed. The originally designed reaper drive 

was used except that the spring-loaded idler was 

provided with a pivoted bracket that can be 

engaged and disengaged during reaping. The for

ward speed ranges from 0.3 to 1.7 m/s using the 
or second gear. 

Simplified production specifications were drawn 

show manufacturers one way of attaching the 

reaper to the tractor. 
fMeasurement of input power. The power 

on the input shaft of the 1-m reaper wasapplied 

determined during field operation. The powe"
 

applied to the shaft goes to the conveyor syster,
 

and cutter bar, and therefore gives a measure of the 

cutting and conveying power required. 

Power was measured with a shaft-mounted 

torque-strain gauge and generator-type tachometer 

(Fig. 20). Torque and revolutions-per-minute 
readings are monitored on a recorder and the 
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20. Instrument setup for the measurement of input power for I-rn reaper. IRRI, 1982. 

power is determined through the relationship 
TX N -drum 

= power kilowatts (kW)where PT = torque inin newton-meters (Nm) 

N = revolutions per minute (r/min).
Results of the trial at the IRRI farm are in 

Figure 21. The power required for cutting and 
conveying the crop averaged 0.42 kW and reachedup to 0.51 kW at times. 

The measurement method proved very accurate 

because of the good response of the instruments, 

G DRtsun-dried 
G9A5N6DRYING7on 

Heated-floor dryer. Sun-drying is the most com-
monmethodof drying riceinthetropics. However, 
because it is not practical when there is rain or 
heavy clouds, the heated-floor dryer was conceived 
as a relatively inexpensive and simple technology 
to complement sun-drying. The basic idea ieaceatk 
up section of the drying floor to between 60 
and 900 C to rapidly get the grain MC down to 
approximately 18% with minimal fissuring and 
discoloration. Grain at 18% MC can be stored 
safely for several weeks until weather conditions 
permit sun-drying to a more-desired 14% MC. 

A small experimental unit was made from two 
steel plates with internal water passages, designed 
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originally as solar collectors for heating water. The 
water heater was fabricated from a 200-liter oil 

heated underneath by a kerosene burner. An 

electric pump circulated the hot water from theheater to the drying plate. Probes at various points 

in the system monitored the drying floor and hot 
water temperatures. 

Tests showed that moist grain can be rapidly 
18% MC in less than 1 h when contindrieduouslytoraked over the heated floor at 90C. In 

milling tests, the samples sun-dried to 14% MC in 

this manner showed no appreciable decrease in 
head rice recovery compared with the traditionally 

samples. There was no significant effect 
the drying rate even when the RH of the 

ambient air was high. 
To evaluate capacity and labor-requirement 

characterim;tics of the heated-floor dryer, a larger 
experimental unit was fabricated and installed at 
the Philippine Packing Corporation rice farm in 
Musuan, Bukidnon (Fig. 22). This ccmpany has 
been cooperating with IRRI in field-testing ma
chines. The dryer was installed adjacent to the 
existing sun-drying pavement. A shed protects the 
grain from rain and serves as shelter for the 
workers and the dryer. The concrete floor beneath 
the shelter has two different levels s9 that the rice 
being sun-dried on the pavement can be quickly 
gathered in the event of impending rain, and then 
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21. Sample power requirement of IRRI I-m reaper in actual field operation. IRRI, 1982. 
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22. A largerexperimentalunit of the heated floordryerinstalled 
at PPC Rice Farm. Musuan. Bukidnon. 

raked up toward the slightly raised portion of the 

floor and dumped unto the lower portion where 
the drying plates are. 

Each drying plate consists of two 16-gauge iron 
sheets, 1,220 X 2,240 mm, with a 6-mm gap 

between them. Flat bars, 6 X 20 mm, are welded 
between the plates to provide the gap and zigzag 

passage for the hot water flow. Wooden supports 
keep the plates off the concrete floor to minimize 
heat loss. 

Inlet and outlet pipe nipples are welded on the 

lower plate and connected to the main pipe lines 
with flexible hose. A truck engine water pump 
driven by a l-hp electric motor circulates the hot 

from the heater to the drying plates and 

back. Probes at various points determine the 

temperatures of each plate, the incoming and 
outgoing hot water, and the water in the heater. 

A barrel-type boiler, used as the water heater, 
has a draft regulator for efficient bur ning of wood, 

rice hulls, straw, and other agricultural wastes and 

for controlling the water temperature. 
Initial tests have been conducted and results are 

analyzed to determine the technical and 

economic feasibility of this technology. 
Warehouse grain dryer. The warehouse grain 

dryer (Fig. 23) is being designed to utilize noncon

ventional energy sources such as rice hulls and 

other agricultural wastes. It consists of a furnace, 
drying chamber, and two wind machines. 

The drying chamber isdivided into a predrying 
area for holding wet materials before being loaded 
into the drying bin and the main drying chamber. 
Vertical trays hold the rice and are positioned 
around the main drying chamber. The dryer has an 
estimated capacity of 3-6 t of rice daily. Design 
improvements urderway will improve loading and 

unloading of materials to and from the holding bin, 
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23. The warehouse grain dryer with two vortex wind machine 

burns a variety of agricultural waste products. IRRI, 1982. 

reduce construction costs, and increase heat 
utilization efficiency. 

The center tube furnace, made from fire brick 
fabricated from rice hull ash, will efficiently burn 
any kind of agricultural waste such as rice hulls, 
sawdust, corncobs, coconut husks and shells, and 
similar materials. It has primary and secondary air 
inlets, a center mold, and a T-chimney. The T-
chimney gives maximum ventilation for complete 
combustion. In tests, burning efficiency was 90% 
when the fuel used had a 16% MC or less. The 
furnace can also be used for a circulatory water 
heating system. 

Two unique wind machines (Fig. 23) on the roof 
of the dryer create air movement without an 
external power source. As the wind strikes the 
vanes of the towers, internal vortexes of air are 
formed. The resulting low-pressure area creates 
upward air movement, 

Ways to reduce the cost of construction by using 
indigenous materials and to reduce the labor 

required to load and unload rice are being studied. 

The design of the warehouse dryer isapplicable for 

village or cooperative-level operation. 

TESTING AND EVALUATION 

Improved portable thresher (TH-6). In 1982, initial 

comparative tests showed that the manufacturer's 
modelandtheimproved IRRITH-6hadaggressive 
threshing concaves. Heavy breakage of rice straw 

caused some grain cleaning problems with the 

simple blower. However, the aggressive concave 
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arrangement resulted in less than a 0.5% separation 
loss compared with more than a 2% loss with the 
wire mesh concave. 
BDI and BD2 blower performance. The per

formances of BDI (vane-axial) and BD2 (tube
axial) blowers were reviewed in an effort to 

substitute one blower for use in either the flatbed 
dryer (BDI) or the vertical batch dryer (BD2). 

Tests indicated that the performance charac
50% less efficientteristics of both blowers were 

than the commercially available blowers. The BD2 

design is being considered for improvement with 
particular attention on blade design, shape, angularpe 

twist, and pitch. 
Preliminary tests on the IRRI wetland (multi

hopper) seeder for coated seeds. The IRRI wetland 
multihopper seeder was modified by incorporating 
an appropriate furrow closer underneath the skid 
to ensure firm seed placement, particularly for 
CaO.,-coated seeds. The roller-type metering device 
is equipped with spikes arranged in a singlj row 
protruding from the rubber roller to regulate 
seeding rate. A rubber scraper affixed on the casing 
aids in regulating seeding rate. 

Tests showed some grinding of the CaO2 coating 
and, in some instances, of the seeds. Seeding was 
found relatively diffused with occasional misses. 
Mud accumulated by the furrow closer clogged the 
hopper discharge outlet. 

Ongoing development includes 1)analyzing seed 
flow characteristics of coated, pregerminated, dry 
or wet seeds; 2) redesigning the metering me
chanism to give a uniform and adjustable discharge 
rate with minimum damage; 3)defining parameter, 
that will check proper seed placement on differeni 
soil conditions; and 4) reducing pulling draft. 

INDUSTRIAL EXTENSION 

The Industrial Extension Network extends t( 

Burma, Egypt, Indonesia, Pakistan, Thailand 

India, and the Philippines. The activity in Pakistai 
has been continuing after the departure of at 

IRP I-appointed staff member and an engineer wil 

be appointed to India located at Coimbatorc 
IRRI representatives are located in the othe 

countries. 
Burma. Interest in the manual tratisplante 

continues. In 1980, an IRRI-designed transplante 



was introduced and modified to fit Burma's condi-
tions. It is reported that one mechanical trans-
planter is equivalent to six hand transplanters. The 

capacity of the machine is 0.25 ha/d. About 1,500 

units were fabricated and operated in 1982. 
The IRRI-designed reaper-windrower was intro-

duced in 1981. Seven units were fabricated and 

tested in 1982. Results indicate that a reaper will 
become a useful machine in Burma. 

Indonesia. Industrial extension has been active 

in West Sumatra, South Sulawesi, South Kali-

mantan, and West Java. 
To test the adaptability of two-wheel power 

tillers, 10 IRRI-designed units were introduced. 
Six were given to farmers and four were retained 
for demonstration by cooperatives. Although only 
1yr of the project has been completed, results were 

have been utilizedencouraging. The machines 
heavily and repair costs have been minimal. The 

following are pertinent conclusions: 
" The two-wheel tractors have been a profitable 

investment and show a better advantage over 

traditional tillage methods than the four-wheel 
tractor. 

" As a result of mechanization, there has been 

little change in labor requirements on the 

farm, although there has been some reduction 

in family labor and a small increase in hired 
labor. 

* There appears to be a large demand for land 
preparation mechanization because labor in 

the Luwu area is in short supply. 
Philippines. The program concentrated on the 

introduction or extension of the portable thresher 

(IRRI TH-61, the 1-rn reaper, the PT5 power tiller, 
and the axial flow pump. These implements were 

expected to be highly acceptable by small shops, 
owners, and farmers. 

The reaper was introduced during a February 
workshop attended by 24 cooperators. Ten partic
ipants have since successfully fabricated a reaper. 
Nineteen manufacturers attended a second-work
shop in August and fabricated their first reaper. In 

1982, farmers bought 88 of 161 fabricated units. 
The vertical reaper was introduced in 1982; 180 

were fabricated - 150 in central Thailand and 30 

in the eastern area. 
The improved plow isbe' .g demonstrated in the 

usenortheast where the farmers buffalo exten

sively. Twenty plows were fabricated and pur

chased by the Department of Agriculture for 
farmer evaluation. Ten were purchased for the 

Department of Agricultural Exteaision. 
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Associated formal training program
 

IRRI seeks to promote research capability of 

national agricultural institutions engaged in rice 

and rice-based cropping systems research through 

its resident training and educational programs. It 

offers various types of research training programs 

and eight different formal training courses which 

deal primarily on research/production methodol-

ogy. These include ]- to 2-yr research training in 

the form of postdoctoral fellowships, MS and Ph 

D graduate scholarships, and 3-to 12-mo on-the-

job training undertaken with the supervision of 

senior scientists. 

RESEARCH TRAINING PROGRAMS 

Postdoctoral fellowships. The research-oriented 
program isclosely associated with IRRI's research 

programs. Postdoctoral fellowships are available 
who wish to pursue a specificto candidates 

research problem relevant to their home country in 
with IRRI senior scientists.close collaboration 

The topics they work on are also of mutual interest 

to IRRI. Thus, they complement staff research 

with their expertise. 
Degree programs. The graduate degree programs 

are very important it) national manpower devel-

opment not only in developing research competence 
for researchbut also in generating leadership 

management. The graduates of this program often 

become the backbone of rice and rice-based crop-

ping systems in their countries and serve as impor-

tant linkages in IRRI's collaboration network. 
A majority of the MS and Ph D candidates 

obtain their degrees from the University of the 
are beingPhilippines. However, arrangements 

made with other agricultural universities to enable 

students to complete their course requirern -nts in 

universities in their own countries and ther, come 
conduct their thesis research. Thisto IRRI to 

arrangement has been formalized with the Post-

Graduate Institute of Agriculture: University of Sri 

Lanka for seven MS students and the Central 

Luzon State University for two MS students. 
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In 1982, there were 122 scholars taking courses 

at UPLB. In addition, 27 scholars were conducting 

thesis research at IRRI after having completed 

course requirements in universities abroad - 2 

from India, 6 Sri Lanka, 2 United Kingdom, 4 

West Germany, 3 the Netherlands, and 10 the 

United States. 
Nondegree programs. Requests for on-the-job 

training increased in 1982, particularly for 3- to 

6-mo training in specific research techniques and 

procedures. Ideally, nondegree candidates should 

remain at IRRI long enough to conduct a well

planned experiment, analyze the data, and write a 

report on it. 
Tables I and 2 show the distribution of 247 

fellows and scholars who participated in research

oriented training programs at IRRI. Of these, 16 

postdoctoral fellows, 12 doctoral fellows, 22 MS 

scholars, and 36 nondegree candidates completed 

their respective training programs at IRRI. 

FORMAL TRAINING COURSES 

A total of 237 scholars participated in eight regular 
offered in 1982. In addition, sixtraining courses 

scholars attended special courses in farm manage

ment and entomology of cropping systems. The 

2-wk rice production course was offered six times 

during the year with 77 participants, excluding 

participants of the regular formal training courses 

which integrates this course as a basic component 
of the respective course syllabus. The 2-wk rice 

production course isopen to aew staff members of 

IRRI, field extension workers, and even farmers. 

The names and countries of origin of research 

fellows and scholars who completed their training 

in 1982 and the titles of the research they pursued at 

IRRI follow. An asterisk (*) indicates completion 
of the MS degree; two asterisks (**), completion of 

the Ph D degree. Absence of these symbols indicate 

that the projects are ongoing. 



Table 1. Distribution by country of IRRI research follows and scholars by training programs, 1962. 

Research-oriented training Formal training Special Total 

Country Post-
doctoral Ph D MS 

Non-
degree 

GEU INSFFER RPTP CSTP IPM IWMT AEC Ag Econ corses 

fellows 

rA 

> 
m 

o 
X 

Philippines 
Bangladesh 
China 
SriLanka 
India 
Thailand 
Indonesia 
Burma 
Vietnam 
Pakistan 
Kcrea 
Malaysia 
Japan 
Nepal 
West Germany 
U.S.A. 
Egypt 
England 
Netherlands 
Cameroon 
Ecuador 
Senegal 
Taiwan 
Brazil 
Belgium 
Canada 
Colombia 
Cuba 
Ghana 
France 

4 
3 
2 
1 

12 
2 
-
-
1 
1 
4 
-
4 
-
2 
1 
-
1 
-

-
-
-1 
. 
-
-
-
-
-
1 

4 
5 
-
1 
3 
4 
1 
-
1 
4 
5 
-
1 
1 
4 
1 
-
-
2 

-
-
-
.1.
1 
1 
1 
-

. 

10 
24 
15 
13 

1 
6 
6 
7 
-
8 
1 
-
1 
8 
-
2 
-
-
1 

1 
1 

. 
. 
-
1 
. 

-

2 
4 

11 
3 
5 
-
-
6 

10 
-
3 
-
3 
-
1 
1 
1 
2 

-
1 

-... 
-. 
1 
..... 
..... 

3 
2 

11 
4 
5 
3 
3 
4 
2 
1 
-
1 
-
-
-
-
2 
-

-
. 
. 

-

.... 

-

-

3 
1 
6 
-
1 
2 
2 
4 
2 
1 
-
2 
-
-
-
-
-
-

. 

-

-
-

3 
2 
-
6 
8 
-
4 
-
-

-
-
-
-
-
-
-
-

.. 

. 

.5 
7 
-
6 
-
8 
4 
3 
2 
-
1 
1 
-
-
-
-
-
-

. 

7 
3 
-
3 
4 
7 
5 
-
6 
-
-
4 
-
-
-
-
-
-

. 

. 
. 
. 
. 

5 
3 
-
3 
2 
2 
4 
2 
1 
-
-
1 
-
-
-
-
-
-
-
-

. 
. 
. 
. 
. 

11 
2 
2 
1 
2 
4 
4 
-
-
-
1 
-
-
-
-
-
1 
-

.--
-

-
-
-
-
... 
. 
... 
.. 
... 

3 
-
-
2 
-
1 
2 
1 
-
1 
-
1 
-
-
-
-
-
-
-
-
-
-
-
-
-

. 

-
-
-
1 
-
3 
2 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

. 

60 
56 
47 
44 
43 
42 
37 
27 
25 
16 
15 
10 
9 
9 
7 
5 
4 
3 
3
1 
2 
2 
2 
1 
1 

1 
1 

1 

> 

-z 

Italy 
Morocco 
Nigeria
Panama 

1 
-
-
-

. 
-
1
1 

...... 
-
. 
. 

1 
..... 
. 

... 

. . . 

. 

. 

.... 
. 
. 
. 

. 

. 
. 

... 

... 
. . . 

1 
1 
1 

> 

Peru 
Upper Volta 
Venezuela 
Somalia 

-
.. 

-
-

1 

-
. 

. 

. 
1 
. 

..... 

. 
. 
. 

1 
.... 
.. 

... 

1 

. 

. 

. 
. 

. 

. 

. 
. 

... 

... 
... 
... 

1
I 
1 

Total 40 43 108 56 44 24 23 38 39 23 29 11 6 484 

aTwo trainees in Farm Management (July 5-22, 1982) and 4 trainees in Entomology Cropping System Training Course (Dec 6, 1982-Jan 3, 1983).; 



Table 2. Distribution, by department, of IRRI research fellows and scholars, 1982.
 

Post- Research fellows Resea,'ch scholars Totai
 

Department doctoral 
follows Ph D MS 

Plant Breeding 
Agricultural Economics 
Agrono,my 
Entomology 
Agricultural Engineering 
Plant Pathology 
Multiple Cropping 
Plant Physiology 
Water Management 
Soil Chemistry 
Soil Microbiology 

3 
3 
6 
3 
2 
4 
1 
7 
0 
5 
4 

6 

10 
3 
4 
1 
1 
3 
4 
5 
2 
1 _ 

5 

3 
3 
2 
1 
2 
5 
1 
-

2 
1-0 

Statistics 
IRTPOIS 

--
2 

1 -

Training OfficeRPTR - 121-

Chemistry 
(Abroad) -

-
2 

2 

Total 40 43 28 

RESEARCH SCHOLARS 

Agricultural Economics 
Abdul Jabber.* Bangladesh. Rice processing in 

Bangladesh Rice Research Institute pilot project 

areas, Joydebpur, Bangladesh. 
Masjidin'Siregar.* Indonesia. Cost and returns of 

using hand tractors on rice farms in West Java, 

Indonesia. 
Abdus Shahid.* Bangladesh. Aspect of land tenure 

affecting rice production in Bangladesh. 

Bonita Sinclair Nicolas. USA. Some aspects of 
mechanization at the farm level, 

Alida Res. The Netherlands. Role of women in 
small farm production systems. Philippines. 


Tek Thapa. Nepal. Socio-economic constraints to 

high rice yield in Kapilvastu District, Nepal. 


Agricultural EngineeringHabibur Rahman.* Pakistan. AO-! mixed integer 

programming model for farm machinery selec

tion and crop planning. 
T. T. Sharma. India. Field performance evaluation 

of the IRRI manual rice transplanter. 

Agronomy of placement
China. EffectsCao.*Zhi-Hong 

methods on recovery of applied N (15 N labelled 

urea) in wetland rice. 
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Nondegree MS Nondegree 

5 11 7 37 

2 14 1 33 
2 12 0 26 
1 8 5 23 

2 6 0 12 
4 7 1 19 
1 6 0 16 
3 1 6 22 
- 2 0 7 
1 
1 

2 
22 

3 
11 

15 
103 

1 - 3 

3 1 2 7 

1 -2 2 4 

- 2 
- 5 - 7 

26 80 30 247 

Amadou Diop.* Senegal. Weed control in broad

cast-seeded wetland rice (Ory'zae saliva L.) 

Indira J. Ekanayake.* Sri Lanka. Inheritance of 

root characters in rice and their relation to 

drought resistance. 
Fwu-Fenn Hou.* Taiwan. Effects of plant growth 

regulators and herbicides on sprouting, growth, 

grain yield, and weed community ,,omposition 

of ratoon rice. 
Abdul Mazid.* Bangladesh. Evaluation of place

ment applicators and use of supplementary 

sources of N to increase fertilizer efficiency in 
wetland rice. 

German B. Rico.* Venezuela. Improved fertilizer 
technology and varietal exploitation to soil 
nitrogen use efficiency by wetland rice. 

Valerio C. Tanguilig.* Philippines. Comparative 
of rice, corn, and soybean to waterresponse 

leaf water potential,stress with emphasis ontranspiration, and nutrient uwtake. 

Entomology 
Arifin Kartohardjono.* Indonesia. Integration of 

some arthropod predators and varietal resis

tance for the control of the brown planthopper
Nilaparvala lugens (Stal.) 

Information Services 
Sylvia Sunarno. Indonesia. An assessment of the 



effectiveness of AARD publications among 

subject matter specialists in Indonesia. 

International Rice Testing Program 
toNoel Stbe.* Sudan. Genetics of response 

daylength in rice. 
Multiple Cropping 
S. B.Naseem.* Bangladesh. Performance of mung-

bean (Vigna radiata L.) as influenced by dif-
ferent seeding techniques under varying cultural 
practices. 

Sheik Mohammad Sattar.* Bangladesh. Effect of 
the combination of organic and inorganic 
manures on growth, yield and nitrogen uptake 
of rice in Lipa City, Philippines. 

Plant Breeding 
Chi-Ren Chu.* China. Cytogenetical studies on 

interracial hybrids among aus, bulu, and upland 

types. 
Yong-Bao Pan.* China. Isozyme analysis of inter-

racial hybrids among aus, bulu, and upland 

types. 
lu-Bao Yang.* China. Cytoplasmic-genetic male 

sterility and fertility restoration in rice. 

Plant Pathology 
Chuke.* China. Pathological andKen-Chang 

physiological studies of sheath rot of rice caused 

by Sarocladiumoryzae (Sawada) W. Gains and 

Hawksw. 
Bharat Upadhyay.* Nepal. Development of func-

tional differentials and identification of sources 

of resistance to the rice blast fungus Pyricularia 

oryzae: A case study in Nepal. 
Atsushi Yoshimura. Japan. Genetic analysis of 

resistance to bacterial leaf blight of rice. 

Plant Physiology 
Kazuhiro Senaga. Japan. Rice callus culture for 

Kincroeainga tlan.ce. cWen-Hsun 
increasing salt tolerance. 

Soil Chemistry 
Chen.* China. Cadmium uptake by

Huai-Man 
wetland rice as affected by addition of cadmium, 

phosphorus and zinc compounds, 

RESEARCH FELLOWS 

Agricultural Economics 
Abraham Huysman. The Netherlands. Risk man-

agement of rainfed rice baed cropping systems. 

Karl Kaiser. West Germany. Fertilizer efficiency 

evaluation in Luzon, Philippines. 

Frederick Wackernagel. USA. Increasing rice pro

diction under a cold weather constraint: The 
demand for cold tolerant varieties. 

Agricultural Engintering 

Yong Woon Jeon.** South Korea. Design and 
development of a multi-purpose dryer using 
non-conventional sources of energy. 

Agronomy 
Jae Chul Chun.** South Korea. Autoecology and 

ecotypic differentiation of Echinochloa colona 

(L.) Link. 
P. A. Sarkar. India, Study on competitive ability of 

different rice (Oryza saliva L.) cultivars with 

weeds under tran.planted conditions. 

Entomology 
Chalerm Sindhusake.** Thailand. Degree of resis

tance of rice varieties for control of the yellow 

stern borer Scirpophagaincertulas(Walker). 

Jung-Tsung Wu. China. Resistance of wild rice to 

the brown planthopper Nilaparvatalugens. 

Information Services 
Somasekharappa Gowdar. India. Trainirng needs 

of information services in agriculturaL research 

and educational organization in Asia: a 9

country survey. 
Irrigation Water Management 
Le Ngoc Sen. Vietnam. The influence of water and 

agronomic management packages on chemical 

changes in acid sulphate soils and their effects 

on the growth and yield of rice. 

Multiple Cropping 
Jorge Jorias.** Panama. Soil productivity assess

ment on alluvial and plain land systems of the 

Cagayan Valley, Philippines. 

Plant Breeding
Chang. China. Components of growth 

duration in Chinese varieties. 

Chien. China. Studies on the AsianYung-Wen a Gza.
Bawild taxa on OrN 

Nepal. GeneticMathema.**Brahiman Bhakta 
analysis of resistance to whitebacked planthop
per Sogatellafurfera(lorvath) in some rice 

varieties. 
Abdul Azis Miah.** Bangladesh. Studies on the 

inheritance of callus induction ability through 

anther culture and evaluation of dihaploid lines 

in rice. 
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Shou-Yun Shi. China. Techniques of seed produc-

tion in hybrid rice. 

Plant Physiology 
Chun-Ye He. China. Rice cell suspension culture 

for increasing salt tolerance. 
Neel K. Shrivastava. India. Fraction I-protein of 

rice and distant hybrids with rice. 

Soil Microbiology 
Kazuyuki Inubushi. Japan. Dynamics of biomass-

nitrogen in flooded soils. 

POSTDOCTORAL FELLOWS 

Agronomy 

Dalpat C. Bhandari. India. Ecological studies on 


weeds as affected by hydrology, control meas-


ures, and cropping systems. 

Suklhdev S. Hundal. India. Soil physical edaphol-


ogy studies in rice-based cropping systems. 


D. Gamini Keerthisinghe. Sri Lanka. The role of 

non-exchangeable ammonium in wetland rice 

soils. 
Tawachai Na-Nagara. Thailand. Simultaneous dif-

fusion and mass flow ofnitrate nitrogen to corn 

roots. 
S. 	 V, R. Shetty. India. Influence of alternate 

management techniques on weed growth and 

yields of mungbean planted after rice. 

Entomology 
Weerawoth Katanyukul. Thailand. The effect of 

cropping patterns on insect pests and natural 

enemies. 

Multiple Cropping 
Md. Zahidul Hoque. Bangladesh. On-farm crop-

ping systems research and development in Asia. 

Plant Breeding 
V. 	Sivasubramanian. India. Genetic analysis of 

resistance to bacterial blight in some rice varie-

ties. 
Hak Soo Suh. South Korea. Genetic analysis of 

resistance of blast in some rice varieties. 

Plant Pathology 
Marco Badino. Italy. Screening for resistance in 
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rice varieties to the rice blastdisease using tissue 

culture techniques and the rice blast toxin. 

Plant Physiology 
R. 	Radhakrishnan. India. Studies on deepwater 

rice physiology. 
Nautsugu Uchida. Japan. RuBP carboxylase activ

ity in rice varieties. 

Soil Chemistry 
H. 	 U. Neue. West Germany. Organic matter 

decomposition: (a) turnover of carbon, (2) 

gaseous products. 

Soil Microbiology 
Gero Benckiser. West Germany. Microbiological 

studies of iron toxicity of wetland rice. 
lan Grant. United Kingdom. Algae-grazer rela

tionship of floodwater ecosystem. 
Jadish K. Ladha. India. Immunological identifica

tion of N2-fixing bacteria and Anabaenaazcla'ov. 

OTHERS 

Agricultural Economics 
Madura Swaminathan. India. Study on the credit 

behavior of farm families in Nueva Ecija. 

Chemistry 
A. 	K. Ariyaratne. Sri Lanka. Grain quality and 

evaluation. 
Le Huu Hieu. Vietnam. Quality characteiistics of 

some Vietnamese rice varieties. 

Entomology 
Rafael Carbonell Meneses. Cuba. General entom

ology. 
Govinda Charan Ghosh. India. Taxonomy and 

techniques for population studies on planthop

pers and leafhoppers. 
Prem Chandra Srivastava. India. Taxonomy and 

techniques for population studies on planthop
pers and leafhoppers. 

Ngtyen Cong Thuat. Vietnam. Screening for 
reAstance to rice insects. 

Information Services 
W. S. A. D. Jayatilaka. Sri Lanka. Graphic arts. 

Razia Sultana. Bangladesh. Graphic arts. 



S. Sundaramurthy. Sri Lanka. Media production. 

H. R. Talukdar. Bangladesh. Media production. 

Multiple Cropping 
Vilma Garrity. Philippines. Comparison of the 

rolling injector planter and existing seeding 
techniques in establishing mungbean after rice. 

Plant Breeding 

Ha Quang Lap. Vietnam. Management of rice 
genetic resources. 

Jen-Fan Ming. Taiwan. Breeding for disease and 
insect resistance, 

Mar Mar Myint. Burma. Grain quality analysis of 
breeding lines. 

Soe Myint. Burma. Grain quality analysis of 
breeding lines. 

Khin Nu Wai. Burma. Grain quality analysis of 
breeding lines. 

Long-Pin Yuan. China. Hybrid rice. 

Plant Pathology 

Ta Minh Soan. Vietnam. Isolation and multiplica-
tion of isolates and testing of Xanthomonas 
oryzae and X. oryzicola. 

Abou Zarif Zeid. Egypt. Observation on blast 
reaction in nursery and production of spores of 
Pyricularia oryzae and Helminthosporium 

oryzae. 

Plant Physiology 
Manimekalai Gurunathan. India. Plant cell and 

tissue culture. 
Don Jin Kim. South Korea. Korea-IRRI col-

laborative project on rice cold tolerance. 
Doo Wook Kim. South Korea. Study of anther 

culture in rice and somatic cell culture of rice 
seed. 

Mai Van Quyen. Vietnam. Effect cf seedling ages 
on aluminum tolerance. 

Soil Chemistry 
Mantengue Diack. Senegal. Nitrogen supplying 

power of three acid sulfate soils. 
Le Van Tiem. Vietnam. Chemical analysis of acid 

sulfate soils. 
Dinh Van Tinh. Vietnam. Amelioration of an acid 

sulfate soil from Malinao, Albay. 

TRAINING PROGRAM FOR ECONOMICS IN 

AGRICULTURAL RESEARCH 
(I Feb-31 Mar) 

Bumr 
U Thein Oo, junior research off er, Agriculture 

Corporation, No. 74, Shwedagon Pagoda, 
Rangoon 

Indonesia 
Erwidodo. research assistant, Center for Agro-

Economics Research, Department of Agricul
ture, Jalan Ir. Juanda 20 Bogor 

Agus Pakpakan, researcher, Center of Agro-
Economic Research, Department of Agricul
ture, 20 Jalan Ir. H. Juanda, Bogor 

Malaysia 
Wan Zainun Hj. Wan Ahmad, research officer, 

Malaysian Agricultural Research and Devel

opinent Institute, Serdang, Selangor 

Pakistan 
Muhammad Manzoor Ali, national coordinator 

(Social Sciences), Cooperative Constraints 
Research Program, Pakistan Agricultural Re
search Council, Islamabad 

Philippines
 

Rita Manguiat-Fabro, science research specialist I,
 

Philippine Council for Agriculture and Re

sources Research Development, Los Bafios, 
Laguna 

Editha P. Morata, researcher, Agriculture Division, 
Zamboanga del Sur Development Pr3ject 

(PADAP), Pagadian City 
Virgilio T. Villancio, research assistant, Multipk 

Cropping Section, Department of Agronomy 
University of the Philippines at Los Bahos 
College, Laguna 

Sri Lanka 
Athauda Mudiyanselage Jayatilaka, economic 

assistant, Economics Division, Department ol 

Agriculture, Peradeniya 
Punchy Bandaratnayaka Kumburegama, economic 

assistant, Economics Division, Department o 

Agricultue, Peradeniya 
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Thailand 
Nida Sainumtip, research assistant, Statistics Sec-

tion, Planning Division, Department of Agricul-

ture, Bangkok 

NAND UTILIZATION 
MaPlantGNT EVALUATIO 

,angladesh 
Hafiz Uddin Ahmed, scientific officer, Plant Path-

ology, Bangladesh Rice Research Institute,.Joy-

debpur, Dacca 
Sarkar Haran Chandra, scientific ,fficer, Plant 

Breeding, Bangladesh Rice Research Institute, 

Joydebpur, Dacca 

Burma 
Aung Yin, deputy farm manager, Lungyaw Farm 

Kyauk Se 
Aye Thein Maung, agricultural inspector, Central 

Farm, Mandalay Agricultural Corporation 

Kyi Tun, junior research officer, Agricultural 

Research Institute, Yezin, Pyinmana 

China 
Yi-Yi Chen, assistant fellow, Hubei Academy of 

Agricultural Sciences, Wuhan 
Yu-H ua Lin, assistant fellow, Sichuan Academy of 

Agricultural Sciences, Chengdu 
Bai-Qin Qiu, assistant fellow, Zhejiang Academy 

of Agricultural Sciences, Rice Research Insti-

tute, Zhejiang 
Hong-Wen Si, research assistant, The Institute of 

Crop Germplasm Resources, Chinese Academy 

of Agricultural Sciences, Beijing 

Jian-Ming She, assistant fellow, Jiangsu Academy 

of Agricultural Scicnces, Jiangsu 
Ji-RongTian, assistant fellow, Hunan Academy of 

Agricultural Sciences, Changsha 
Wang Qiang, assistant ento:mologist, Institute of 

Plant Protection, Jiangsu Academy of Agricul

tural Research Sciences, Jiangsu 
Tiu-Ru Zheng, assistant fellow, Fujian Academy 

of Agricultural Sciences, Fuzhou, Fujian 

India 
Marella Nagaraju, scientist(Breeding), Division of 

Plant Breeding and Genetics, Central Rice 

Research Institute, Cuttack (Orissa) 
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Kasturi Satyanarayana, scientist (Plant Pathoioly), 

All India Coordinated Rice Improvement Proj

ect, Rajendranagar, Hyderabad-500030, A.P. 

Indonesia 
Rahmat Suhadi, research assistant, Division of 

Physiology, Central Research Institute 

for Food Crops (CRIFC), Bogor 

Ade Santika, research assistant, Plant Breeding 

Department, Central Institute for Food Crops, 
Bogor 

Amril B., plant pathologist, Sukarami Research 

Institute for Food Crops, Padang 

Philippines 
Thelma F. Padolina, chemist, Bureau of Plant 

Industry, Mufioz Rice Research and Training 

Center, Mufioz, Nueva Ecija 
Lucina R. Pondias, horticulturist, Bureau of Plant 

Industry, lloilo City 

Sri Lanka 
B. D. Pathinayake, research officer, Central Rice 

Breeding Station, Batalagoda 
S. W. Abeysekera, research officer, Rice Research 

Station, Ambalantota 

Thailand 
Chartchai Sirinupong, agriculturist, Rice Division, 

Department of Agriculture, Nakhon-si-Tham

marat, Rice Experiment Station, Nakhon-si, 
Thammarat 

Boonluck Seetanun, agronomist, Rice Division, 

Department of Agriculture, Bangkhen, Bangkok 

Vietnam 
Hoang Van Phan, plant breeder (Research Staff), 

Genetic and Plant Breeding Department, Na

tional Institute of Agricultural Sciences, Hanoi 

GENETIC EVALUATION AND UTILIZATION 

COURSE 

(16 Aug-3 Dec) 

Brazil 
Silvino A. Neto, researcher in Plant Breeding, 

Pesagro-Rio, Caixa Pos'al 131,28100 Campos-

RI 



Burma 
Tin Myint, inspector (Plant Breeding Section), 

Rice Division, Agricultural Research Institute, 

Yezin, Pyinmana 

Cameroon 
C. Wanki, chief of production andSamuel B. 

research coordinator of International Rice Test

ing Program, Upper Nun Valley Development 

Authority, P.O. Box 25, NDOP, United Repub-

lic of Cameroon 

China 

Hu Fen, research assistant in Meteorology, Agri-


cultural Meteorology, CAAS, P.O. Box 275 


(66), Peking
 
Zhi-Hua Zhu, research assistant in Crop Germ-


plasm, The Institute cf Crop Germplasm Re-

sources,CAAS,Beijing 


Rong-Jie Zhao, plant pathologist, Institute of 

Plant Protection, CAAS, Malianwa, Beijing 

Egypt 
Abdel S. E. Draz, senior research assistant in Plant 

Breeding, Sakha Agricultural Station, Kafr-El-

Sheik, A.R. Egypt 
Talaat W. Ghobrial, senior research assistant in 

Plant Breeding, Sakha Research Station, Kafr-

El-Sheik, A.R. Egypt 

India 
R. 	Satyanarayana, scientist S-I, Department of 

Genetics and Plant Breeding, CRRI, Cuttack 

753006 (Orissa) 
Bhal C. Shukla, junior entomologist, Zonal Agri-

cultural Research Station, College of Agri-

culture, Raipur 492006 (M.P.) 

D. P. Mishra, assistant rice breeder, cum assistant 

professor, 	 Rajendra Agricultural University, 
MithapurAgricultural Research Institute, 

Patna-80000 1, Bihar 

Malaysia 
Faizah Md. Sharifi, research assistant in Plant 

Breeding, Plant Science Branch, MARDI, P.O. 

Box 2301, G.P.O., Kuaia Lumpur 

Pakistan 
Noor Md. Burdi, assistant rice botanist, Rice 

Research Institute, Dokri 

Philippines 
Ana P. Mutya, agronomist, Bicol Experiment 

Station, San Agustin, Pili, Camarines Sur 

Sri Lanka
 
Padmasiri, agronomist, RegionalMaddumage 

Bombuwela,Agricultural Research Station, 

Kalutar 
D. 	B. Wickremasinghe, research officer in Soil
 

Central Rice Breeding Station,
Chemistry, 
Batalagoda, Ibbagamuwa 

Thailand 
PlantPrateep Pintanon, research assistant in 


Breeding, Sanpatong Rice Experiment Station,
 

Sanpatong, Chiangmai 

Upper Volta 
Moussa Sie, plant breeder, C.E.R.C.I., P.O. Box 

540, Bobo-Dioulasso 

Vietnam 
Pham Duc Hung, agronomist, Food Crops Re

search Institute, Gia Loc, Hai Hung 

INTERNATIONAL NETWORK ON SOIL FERTILITY
 

AND FERTILIZER EVALUATION FOR RICE
 

(8 Feb-28 May) 

Bangladesh 
Md. Shamsur Rahman, scientific officer, Bangla

desh Rice Research Institute, Joydebpur, Dacca 

Burma 
U Win Naing, junior deputy assistant general 

manager, Agriculture Corporation, i'angoon 

U Aung Than,junior officer, Agrictlture -iorpora

tion, Extension Headquarters, 72- 74 Sl edagon 

Road, Rangoon 
U Myint Thein, junior deputy assistant general 

manager, Fertilizer Marketingand Distribution 

Project, Procurement and Distribution, Agri

culture Corporation, No. 42, Strand Road, 

Rangoon
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U Thein Win, deputy assistant general nflxager, 
Bio-Fertilizer Section (Extension), Agri iilture 
Corporation, Rangoon 

China 
Yong-Ming Gu, primary researcher, Soils and 

Fertilizer Research Institute, Shanghai Academy 
of Agricultural Sciences, Shanghai 

Li Li, lecturer, Zhejiang Academy of Agricultural 
Sciences, Hanzhou 

Jia-Kang Li, assistant researcher, Soils and Fe.,il-
izer Research Institute, Chinese Academy of 
Agricultural Sciences, Beijing 

Long-Fei Tang, technician, Fujian Academy of 
Agricultural Sciences, Beijing 

Mu-Xiang Zeng, researcher, Soils and Fertilizer 

Research Institute, Chinese Academy of Agri-

cultural Sciences, Beijing 
Zou Jin, assistant professor, Jiangsu Academy of 

Agricultural Sciences, Nanking 

India 
Blanu Prakash Govil, zonal agronomist, IFFCO, 

Zonal Office, 28 Lowther Road, George Town 

Allahabad 211002, U.P. 

Indonesia 
Batim Taslim Gumala, agronomy staff member, 

Central Research Institute for Food Crops, 

Merdeka 99, Bogor 
Agus Sofyan, assistant researcher, Fertility Divi-

sion, Center for Soil Research, JI. Juanda 98, 
Bogor 

Malaysia 
Mohd. Ramlan Suhood, agriculture assistant, 

Yunit Sains Tanah dan Analisa Jabatan Perta-
nian Negeri, Kuala Trengganu, Trengganu 

Amid Bin Takzim, agriculture assistant, Soil and 
Analytical Services, Agriculture Department, 
Telok Chengai, Alor Setar Kedah 

Pakistan 
Shaikh Aijaz Ahmed, agricultural chemist, Rice 

Research Institute, Dokri 

Philippines 
Luis C. Abulcncia, senior soil technologist, Ministry 
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of Agriculture, Soil Services Division, Butuan 
City, Agusan del Norte 

Celso R. Bersabe, soil technologist II, Bureau of 
Soils, Taft Avenue, Manila 

Jesusa E. Fabrigas, senior soil technologist, Minis
try of Agriculture, Soil Services Division, Region 
6, Iloilo City 

Thailand 
Oraphan Rirermsoonthom, agriculture technician, 

Nakhonsrithammarat Rice Experiment Station, 
Nakhonsrithammarat 

Walaiporn Uttarapong, agriculture technician, 
Chainat Rice Experiment Station, Chainat 

Vietnam 
Nguyen Van Chien, researcher, Institute of Soils 

and Fertilizer, Hanoi 
Phan Thi Xuan, vice head, Department of Chem

ical Fertilizer, Institute of Soils and Fertilizer, 

Hanoi 

5-MONTH RICE PRODUCTION TRAINING
 
PROGRAM
 

(5 Apr-27 Aug) 

Bangladesh 
Md. Khairul Bashar, scientific officer, Bangladesh
 

Rice Research Institute, Joydebpur, Dacca
 

Md. Bazlur Rahman, scientific officer, Bangladesh
 

Rice Research Institute, Joydebpur, Dacca
 

India 
Kanhu Charan Biswal, agronomist, Department 

of Agriculture, Koraput, Jeypore 764001, Orissa 
Bijoy Kumar Borthakur, rice pathologist, Rice 

Research Station, Titabor-785630, Assam 
Asim Kumar Mitra, senior lecturer, Gram Sevak 

Training Centre, Chinsurah, Hoogly, West 
Bengal 

Durgan Rangaswamy Iyengar Parthasarathy, 
deputy directoi of Agriculture (Agronomy), 
T&V System, Thanjavur, Tamil Nadu 

Saraf Naga Raju, agricultural officer, P.O. Mude
gere, Chikmagalur District, Karnataka 

Abidur Rohman, entomologist, Rice Research 

Station, Titabor, Assam 
Debendranath Sarma, district level subject matter 

specialist, Jorhat, Assam 



Narendralal Chimanlal Shah, subject matter spe-

cialist (paddy), District Panchayat Bhadra, 

Ahmedabad-Crujarat State 

INdlsila 
Nurlaila Hasbullah, assistant researcher (Agron-

omy), Banjarmasin Research Institute for Food 
Crops, J. Mayjen Sutoyo S, No. 1131 A, 
Banjarmasin 

Nurul Aida Akhmad Minggu, assistant researcher 
(Agronomy), Banjarmasin Research Instituta 
for Food Crops, Jl.Mayjen Sutoyo S,No. 1134 
A, Banjarmasin 

Jan Alfrits Sorongan, subject matter spezialist, 
Food Crop Extension Service of North Sulawesi 
Province, Jn. E. Gagola Manado, North Sula-
wesi 

Nano Suharno, chief, Ecoiaomic Agricultural Sec-
tion, Agricultural Service Kuningan Regency, 
Jenderal Sudirman 86, Kuningan, West Java 

Philippines 
Quirino L. Asuncion, agronomist I, BPI, lagan 

Experiment Station, lagan, Isabela 
Manuel D. Ching, research assistant, Bureau of 

Plant Industry, San Andres, Malate, Manila 
Leonora B. Nalitan, plant laboratory aide, Bureau 

of Plant Industry, MES, Bual, Midsayap, North 
Cotabato 

Sri Lank 

Selvarajah Balendra, rese ich assistant, Regional 

Research Centre. Kilinochchi 
Galaboda Rakaage Dharmasena, agriculture in-

stnictor, Government Farm, Wariyapola 
Palle Gedara Dewayalage Gunatilaka, agriculture 

instructor, Central Rice Breeding Station, Bata-
lagoda lbbagamuwa 

Higuralawedikkara Archchillaye Pangnadasa, 
agriculture instructor, Agriculture Office, 
Monaragala 

Jayasingha M.U.W.B. Rambukwella, agriculture 
instractor, Government Seed Paddy Farm, 
Polonnaruwa 

Kannangara Pathirannahelage, Baratha Sunilchan
dra, agriculture instructor, Agriculture Office, 
Kantale, Trincomale District 

5-MONTH CROPPING SYSTEMS TRAINING 
PROGRAM
 
(27 Sep 1982-18 Feb 1983) 

Bangladesh 
Muhammad Nurul Alam, scientific officer, Bangla

desh Agricultural Research Institute, Joydeb
pur, Dacca 

Ferdaus Azad, extension officer, D.N.D. Irrigation 
Project, B.W.D.B., P.O. Sarulia, Dacca 

Md. Tazirul Islam, extension officer, G. K. Project 
(Khustia Unit), B.W.D.B., Sreepur, Jessore 

Hossain Khan Liaquat, extension officer, G. K. 
Project, B.W.D.B., Khustia 

Muhammad Abdul Quayum, scientific officer, 
BRRI Regional Station, Sonagazi, Noakhali 

Md. Nowsher Ali Sarder, scientific officer, Idng
ladesh Rice Research Institute, Joydebpur, 
Dacca 

Jalal Uddin Ahmed, scientific officer, Department 
of Agronomy, Bangladesh Agricultural Univer
sity, Mymensingh 

Burma 
U Aung Kyi, township manager, Agriculture Cor

poration, Syriam, Rangoon Division 
U Myo Wai, township manager, Agriculture Cor

poration, Bassein (East) Township 
U San Yin, township manager, Agriculture Cor

poration, Tharrawaddy 

Indonesia 
Surya Lesmana, agricultural officer, Regional 

Agricultural Office, Sumatra No. 2 Road, Ban
dung, West Java 

Iman SubagJyo, subject matter specialist, Depart
ment of Agriculture, Imam Bonjoc 48, Kendari, 
S. E. Sulawesi 

Suherman, staff, Agronomy and Extension/ Train
ing, Sub-Project of Cilutung Watershed Man
agement and Development Center, Jln. Raya
barat, TILP 28, Majalengka, West Java 

Didi 	 Sumardi, extension officer, Food Crops 
Agriculture Office, Jn. Jendral Sudirman 86, 
Kuningan, West Java 

Korea
 
Young Soon Kim, agricultural junior researcher,
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Kyeong Buk Office of Rural Development, 200 

Dong Ho Dong, Daegu City 

Malaysia 
Bt. Mohd. Rashid, agriculturalSiti Zubaidah 

officer, Pilot Project Office, Muda Agricultural 

Development Authority, RPM 8,Jalan Lumba 

Kuda, Alor Satar, Kedah 

Philippines 
Aniceto L. Aliman, site leader (Sr. FMT), Farming 

System Development Project-Eastern Visayas, 

SRMU Gandara, Samar 
Andres B.Diamsay, Jr., soil technologist, Ministry 


of Agriculture, Soils Services, Nueva Ecija 


Jocelyn J. Dicen, research assistant, Multiple 


Cropping Section, Department of Agronomy, 
U.P. at Los Bafios, College, Laguna 

Pelagio P. Lavapie IV, agronomist III - FTS 

study leader, Bicol Experiment Station, San 

Agustin, Pili, Carnarines Sur 
Thelma 	M. L'ambio, research assistant (agrono-

mist), Dr. Manuel L. Roxas Memorial Experi-

ment Station, BPI, Marauay, Lipa City 

Somalia
 
Nur Hagi Dere H., agronomic research officer, 


C.A.R.S., Algoi, Somalia 

Sri Lanka 
Veluppillai Gunasingham, agricultural experi-

mental officer, Regional Research Center, 
Department of Agriculture, Kilinochchi 

Welipitiya Gurunanselage rayarathna, subject 
matter officer, District Agricultural Office, 

Puttalam, N.W.P. 
Nihal Karalliyadcde, farm manager/agricultural 

instructor, District Agriculture Training Centre, 

Galpalama, Kandapola 
Kasturi Arachchige Mettananda, research officer, 

Station, Mahailluppal-Agriculture Research 
lama 

subject matter of-Murugesapillai-Namasivayam, 
ficer, District Agricultural Office, Amparai 

Chandrawansa Nillegoda, agricultural instructor/ 
farm manager, Agricultural Farm, P.O. Box 16, 

Gannoruwa, Peradeniya 
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Thailand 
Vichien Bumroongsri, entomologist, Department 

of Agriculture, Bangkhen, Bangkok 
Chuancheun Diowwilai, agronomist, Farming 

Systems Research Institute, Pochakorn Build

ing, Department of Agriculture, Bangkhen, 

Bangkok 
Cherdsuk Pavanavichian, subject matter specialist 

(rice), Department of Agricultural Extension, 

Bangkhen, Bangkok 
Rirngjitr Promsatit, subject matter specialist, Pro

vincial Agricultural Extension Office, Depart

ment of Agricultural Extension, Cholburi 

Province 
Sawaeng Rimpranam, subject matter specialist, 

Nakornratsima Province, Agricultural Exten

sion Office, Nakornratsima Province 
Julmance Susana, subject matter specialist, Pro

vincial Agricultural Extension Office, Muaeng 

District, Ubolratchathanee Province 
Pakorn U-Thaiphun, agronomist, Farming Sys

tems Research Institute, Department of Agri

culture, Bangkhen, Bangkok 
Phat Vibooncharoenphol, agronomist, Farming 

Systems Research Institute, Departmcnt of 

Agriculture, Bangkok 

Vietnam 
Mai Van Thiet, agronomist, The National Insitute 

of Agricultural Sciences, Thanhtri, Hanoi 

Nguyen Trong Thinh, chief, Research Group, The 

National nastitute of Agricultural Sciences, 

Thanhtri, Hanoi 

INTEGRATED PESF MANAGEMENT COURSE 

(6 Sep-17 Dec) 

Bangladesh 
scientific officer,Md. Shamsul Islam Akanda, 

Plant Pathology Division, Bangladesh Rice 

Research Institute, Joydebpur, Dacca 

Nazrul Islam, assistant entomologist, Directoratc 

of Plant Protection, Ministry of Agriculture 

Dacca 
Kaiser Khan, technical assistant, Directorate o 

Plant Protection, Ministry of Agriculture, Dace 

India 
Prasanna Kumar Das, biological control t fficet 



Central Rice Research Institute, Cuttack 
Shankar Nath Shukla, scientist, Division of Plant 

Pathology, Central Rice Research Institute, 
Cuttack 

Anil Kumar Singh, senior scientist, Department of 
Entomology, Rajendra Agricultural University, 
Bihar, Pusa, Samastipur 

Atin Ghosh, junior virologist, All India Coordina-
ted Rice Improvement Project, Rajendranagar, 
Hyderabad 

Indonesia 
Ismail Abumas'ud, subject matter specialist, Peru-

mahan Pemda 24/B, Padang Harapan, Beng-
kulu 

Wijaya Karyadhara Sanusi, chief, Production Sec-
ton, Agricultural Extension Service, Kabupa
ten Kuningan, Jawabarat 

Ir Mi'un, subject matter specialist, Jalan Jenderal 
Sudirman, Sungai Penuh 

Sudradjat, Staff of Food Crop Protection Subdivi-
sion, Food Crop Extension Service, West Java 
Province 

Soekirno, Staff of Field Pest Control Division, 
Directorate of Food Crop Protection, Tanaman 
Pangan, Jl. Ragunan, Pasarminggu, Jakarta, 
Selatan 

Malaysia 
Mohd. Yusuf A. Rahman, agricultural assistant, 

National Extension Project, Department of 

Agriculture, Semenanjung 
Mohammad bin Mohd. Salleh, research officer, 

MARDI, Bumbong Lima, Kepala Batas, Sebe-
rang, Perai 

Supki bin Hj. Ahmad, Crop Protection Branch, 
MARDI, P.O. Box 202, Serdang 

Mazlan Saadon, Crop Protection Branch, Depart-
ment of Agriculture, Jalan Gallagher, Kuala 
Lumpur 

Philippines 
Candelario Quicoy, multiple cropping field super-

visor, Ministry of Agriculture, Zamboanga Del 
Sur Development Project, P.O. Box 01, Paga-
dian City, Zamboanga Del Sur 

Vicente Garnica, Jr., entomologist, Multiple Crop-

ping Project, Betinan Research Station, San 
Miguel, Pagadian City 

Agapito de la Paz, supervising plant entomologist, 
Crop Protection Division, Bureau of Plant 
Industry, 192 San Andres, Malate, Manila 

Reynaldo B. Salamat, plant entomologist II, Re
gional Crop. Protection Center, Balinsasayao, 
Abuyog, Leyte 

Rafael Cabalquinto, OIC, Regional Crop Protec
tion Center, Region 7, Bureau of Plant Industry, 
Mandaue City 

Paulino Matamis, plant pest control technologist, 
Bureau of Plant Industry, lagan, Isabela 

Aurora Santiago, integrated pest control regional 
project leader, Ministry of Agriculture, Region 
No. 3, San Fernando, Pampanga 

Sri Lanka 
P. 	 M. Wijeratne Banda, agricultural research 

officer, Agricultural Research Station, Maha 
Illuppallama 

Dharmawansa Alonar Mudali Maheepala, subject 
matter officer, Plant Protection, Department of 
Agriculture, Permdeniya 

Demata Pitiye Ralalage Nimal Edirisiighe, subject 
matter officer, Plant Protection, Department of 

Agriculture, Peradeniya 

Thailand 
Charn Mongkon, plant pathologist, Rice Diseases 

Branch, Plant Pathology and Microbiology 
Division, Bangkhen, Bangkok 10900 

Tawee Sangtong, weed scientist, Weed Science 
Branch, Technical Division, Department of 
Agriculture, Bangkhen, Bangkok 

Suniyon Taprab, agricultural technician, Rice 
Division, Department of Agriculture, Bangkhen, 
Bangkok 

Sermsakdi Hongnark, zoologist, Agricultural 
Zoology Branch, Entomology and Zoology 
Division, Department of Agriculture, Bang
khen, 3angkok 9 

Nipha Chansrisommai, entomologist, Insect Pest 
and Rice Branch, Entomology and Zoology 
Division, Department of Agricultural Exten
sion, Bangkhen, Bangkok 10900 

Prasit Sornthum, entomologist, Plant Protection 
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Service Division, Department of Agricultural 

Extension, Bangkhen, Bangkok 10900 
Manit Ruacha, regional plant protection specialist, 

Central Regional Agricultural Extension Office, 

Amphur Muang, Chainat 17000 

Vietnam 
Dao Xuan Cuong, pest control officer, Plant 

Protection Department, Ministry of Agricul-

ture, 189b Tay son, Dong da, Hanoi 

Duong Van Thieu, pest control officer, Plant 

Protection Department, Ministry of Agriculture, 

189b Tay son, Dong da, Hanoi 
Pham Ti Nhat, pest control officer, Plant Protec-

tion Department, Ministry of Agriculture, 189b 

Tay son, Dong da, Hanoi 
Bui Van Dam, plant quarantine inspector, Plant 


Protection Department, Ministry of Agricul-


ture, 189b Tay son, Dong da, Hanoi 


Luong Thi Xuan Phuong, surveillance diagnostic 

and forecasting officer, Plant Protection Deprt-

ment, Ministry of Agriculture, 189b Tay son, 

Dong da, Hanoi 
Dao Trong Anh, pest control officer, Plant Protec-

tion Department, Ministry ofAgriculture, 189b 

Tay son, Dong da, Hanoi 

IRRIGATION WATER MANAGEMFNT TRAINING 

(26 Jul-? Sep) 

Bangladesh 
Shah Ahmed Ali Khan, deputy chief agronomist, 

Bangladesh Water Development Board, G. K. 

Colony, Kushtia 
Abdus Sattar, executive engineer, Sailkupa Water 

Development Division, Sailkupa, Jessore 

Md. Abdul Wazed, executive engineer, Chua-

danga Water Development Division, G. K. 

Project, Chuadanga, Kushtia 

Burma 
UKo Gyi, executive engineer, Ministry of Agricul-

ture and Forest, Irrigation Department, 19/27 

Strand Road, Rangoon 
U Aung Than, executive engineer, Ministry of 

Agriculture and Forest, Irrigation Department, 

19/ 27 Strand Road, Rangoon 
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India 
Tapan Dutta, agronomist (irrigation), Department 

of Agronomy, Assam Agricultural University, 

Jorhat, 785013, Assam 
Narayan Sahoo, scientist - I (Water and Sol 

Engineering), Engineering Division, CRRI, Cut

tack 6, Pin 753006, Orissa 

Indonesia 
Darman T. Z., subject matter specialist, Dinas 

Pertanian Tanaman Pangan tk 1. Sumatra, 

Selatan, Palembang 
Sugfng Susetya Partoutomo, subject matter spe

cialist (agronomist), Dinas Pertanian Tanaman 

Pangan Propinsi, South of Kalimantan, Ban

jarbaru 
Nono Sudiyono, operation and maintenance engi

neer, Irrigation Design Unit-Resources Division, 

Dinas Pekerjaan Umum Propinsi Daerah 

Tingkat 1,Bagina Pengairan, Jalan Indra 901, 

Bengkulu 
Soedjarwo, operation and maintenance deputy, 

Kali Progo Irrigation Project, Al. Solo, Km. 6, 

Yogya 

Malys 

Chia Wei Seng, executive engineer, Drainage and 

Irrigation Department, Bahagian Kedua, Sri 

Aman, Sarawak 

Philippines 
Jesusimo S. Mariano, hydrology engineer, NIA-

UPRIIS, District 1,Central Luzon State Univer

sity, Mufioz, Nueva Ecija 
Olympio B. Penetrante, Jr., officer-in-charge, Zone 

1,PRIS Area, NIA-UPRIIS, District 11, Tala

vera, Nueva Ecija 
Salvacion Samaniego, soil technologist 1, NIA-

LCPIS, Libmanan, Camarines Sur 

Robert C. Suguitan, supervising engineer, NIA-

UPRIIS, Engineering and Operations Division, 

Cabanatuan City 
Felizardo Tabo, irrigation engineer, NIA-LCPIS, 

Libmanan, Camarines Sur 

Sri Ianka 
Madurapperuma Achchillage Gunawardena, chief 

field research investigator, Agrarian Research 



and Training Institute, P.O. Box 1522, 114 
Wijerama Mawiha, Colombo-7 

Muttucumaru-Sivapatham, agricultural extension 
officer, Soil Conservation Division, Royal 
Botanical Gardens, Psradeniya 

Warnakulasuriya Don Leonard Stanley, research 
officer (water management), Department of 

Agriculture, Peradeniya 

Thailand 
Jesda Kaewkulaya, lecturer and head, Department 

of Irrigation Engineering, Faculty of Engineer-
ing, Kasetsart University, Kamphaeng Saen 

Campus, Nakompathom 
Md. Enayet Ullah, research associate, Asian Insti-

tute of Technology, Bangkok, P.O. Box 2754 

Vietnam 
Nguyen Duy Tinh, scientist, National Institute of 

Agricultural Sciences, Hanoi 

2-WEEK AGRICULTURAL ENGINEERING COURSEmetoAgiuurnudapaof Agriculture, Anuradhapura(7-18Jun)meit(7-18 Jun) 

India 
Karunanithi Rajamanickam, associate professor, 

College of Agricultural Engineering, Tamil Nadu 
Agricultural University, Coimbatore 641003 

Manian Rangasamy, associate professor, Depart-

ment of Farm Machinery, College of Agricul-
tural Engineering, Tamil Nadu Agricultural 
University, Coimbatore 641003 

Indonesia 
Ahmad Denny D. Suan, c/o Mechanization Sec-

tion, Agriculture Extension Service, South 
Kalirnantan 

Said Zaidir, staff, Directorate of Food Crops, 
Komplex Wisma Tani No. 9, RT 0012/01 
Ragunan, Jakarta 

latin America 
Marcelo Fe'rnando Espinosa, vice head, Mech-

anical Engineering and Machine Design, Escuela 
Superior Povit cnica del Litoral (ESPOL), P.O. 
Box 5863; Guayaquil, Ecuador 

Philippines 
Joseph H. Lopez, senior agricultural engineer, 

AMTEC, Los Bafios, Laguna 
Carlos S. Macabenta, agronomist I, Bureau of 

Plant Industry, Gandara Seed Farms, Sapinit, 

San Jorge, Samar 
Ferdinand Z. Caylao, project development analyst 

III, Small Business Advisory Center, Ministry 
of Trade and Industry, San Fernando, Pam

panga 
Rolando Jumento, project development analyst II, 

Small Business Advisory Center, Mimstry of 

Trade and Industry, Manila 
Huberto W. Paderatiga, project development 

analyst I, Small Business Advisory Center, 
Region IV, Ministry of Trade and Industry, 
Manila 

Sri Lanka 
Ramanayake Pathirannahelage Mahindapala, 

deputy project manager (agricultural officer), 

Farm Mechanization Training Centre, Depart-

Thailand 
Charoon Komcomphunt, assistant chief, Work. 

shop and Service Section, Agricultural Engi. 
neering Division, Department of Agriculture 
Ministry of Agriculture and Cooperative 
Bangkok 

Boonsom Suwanaruk, agricultural engineer P.C 
5, Agricultural Engineering Division, Depart 
ment of Agriculture, Bangkok 

Cherawat Munkit, agricultural engineer, Fan 
Mechanization, Department of Agricultura 
Extension, Bangkhen, Bangkok 

ENTOMOLOGY CROPPING SYSTEMS NETWORK 
(6 Dec 1982-3 Jan 1983) 

Indonesia 
1. Wayan Laba, research staff, Bogor Researc 

Institute for Food Crops, l. Kapten Muslihat S 

Bogor 
Tata Rasta Omoy, researcher (entomology), Leff 

bang Research Institute for Horticulture, Len 
bang 
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Thailand 
Manochai Keerati-Kasikom, lecturer in entomol-

ogy, Department of Entomology and Plant 
Pathology, Faculty of Agriculture. Khon Kaen 

University, Khon Kaen 
Thamnoon Bhudhasamai, entomologist, Rice In-

sect Branch, Entomology and Zoology Divi-

sion, Department of Agriculture, Bangkok 

10900 

2-WEEK AGRICULTURAL ENGINEERING COURSE 


(6-17 Dec) 


BangladeshDao 

Md. Humayun Khander Kabir, scientific officer, 

Bangladesh Rice Research Institute, Joydebpur, 
dacca 

Md. Syedul Islam, scientific officer, Agricultural 
Rice Re-Engineering Division, Bangladesh 

search Institute, Joydebpur, Dacca 

China 
Xiaolun Shi, assistant engineer, Chinese Academy 

of Agricultural Mechanization Sciences, Beijing 

Yao Jun, assistant engineer, Chinese Academy of 

Agricultural Mechanization Sciences, Beijing 

Egypt 
Moustafa Ahmed Shehata, white rice laboratory 

specialist, Rice Marketing Co., Rice Technology 

Training Center, Post Bag Hagar El Nawatia, 
Alexandria 

Indonesia 

Made Dasnaya, staff, Sub Directorate of Farm 

Machineries Development, Directorate ofFood 
Crops, Jakarta 

Mappa Effendy Hamdani, chief, Mechanization 
Section, Food Crops Agricultural Extension 

Service, South Sulawesi 

Kore 
Hyum Young Suck, agricultural extension spe-

Rural Guidancecialist, Wcoiwong County 
Office, Weonju City, Kangweon Province 

Philippines 
Herminia L. Comia, project specialist, Farm Sys

tern Development Corporation, Rudgen Build,. 

ing, 17 Shaw Blvd., Pasig, Metro Manila 
Fadlie E. Daguro, engineer, Bureau of Plant 

Industry, Malate, Manila 
Ruben V. Perez, operations supervisor, Kaisa 

Fabrication Machine Shop, Apokon, Tagum, 

Pedro A. Malaluan, research aide, Agricultural 

Engineering Division, Bureau of Plant Industry, 
Malate, Manila 

Ildefonso G. Ventura, junior mechanical engineer, 

Bureau of Plant Industry, San Andres Street, 
Malate, Manila 

Staman s 

Setsamut Tansakun, assistant manager, Setthakit

kamchaiag Manufacturer, 471 Rob Muang 

Road, Amphoe Muang, Korat 

FARM MANAGER'S COURSE 
(5-22 Jul) 
Sri Lanka 
Senanayaka Pathirannahelage Dharmawardana, 

agricultural instructor/farm manager, Agricul
trlRsac ttoMhilpalm 

tural Research Station, Mahailluppallana 

Thailand 
Wittaya Pliandecha, technician, Bangkhen Rice 

Experiment Station, Bangkhen, Bangkok 9 
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International activities 

COLLABORATIVE RESEARCH 

The working relationship between many national 
programs and IRRI has evolved from one of 
technical assistance to genuine collaboration. The 
number of national programs with which IRRI 
holds formal annual meetings to plan research and 
training collaboration has increased substantially, 
particularly in the last few years. Since the first 
formal collaborative meeting between Korean and 
IRRI scientists and administrators in 1977, similar 
discussions on research and training collaboration 
have been held with seven national programs -
China, Cuba, India, Indonesia, Japan, Korea, and 
Vietnam. In each case, the collaborative effort has 
been focused on a limited number of research 
areas. For example, the collaborative effort with 
Korea isfocused on rice blast disease and tolerance 
for low temperature. The current collaborative 
effort with Indonesian scientists emphasizes upland 
rice, hybrid rice, brown planthopper, rice tungro 
virus, and irrigation water management. Discus-
sions pertaining to research and training collabora-
tion are also held with scientists from Bangladesh, 
Pakistan, Sri Lanka, and Thailand. In response to 
specific needs and problems, IRRI and national 
program scientists collaborate in areas other than 
those in which they had formally agreed to docollaboratiedresearch
 
collaborative research. 


COOPERATIVE COUNTRY PROJECTS 

In 1982, IRRI had cooperative c.ountry projects in 

Indonesia, Bangladesh, Thailand, the Philippines, 
Burma, and Egypt. 

Indonesia. The Agency for Agricultural Re-
search and Development (AARD) has a corps of 
rice scientists who have assumed leadership for and 

are implementing a well-planned and coordinated 
national rice research program. From a team of six 

now has only twoscientists 2 years ago, IRRI 
scientists in residence in Indonesia. This in no way 

implies any diminution ofthe working relationship 
between AARD and IRRI scientists; in fact, the 

relationship has become collaborative. Every year 

for the last 3years, Indonesian and IRRI scientists 

and administrators have met to discuss and develop 
work plans for research collaboration on problem 
areas of mutual interest. 

A cropping systems specialist continues to help 
in planning and implementing a strong multidis
ciplinary nationwide coordinated research and 
training program on rice-based cropping systems. 

An agricultural engineer is assigned in Indonesia 
to provide assistance to mechanization under way 
in rural areas of Indonesia. His efforts include 
contacting manufacturers to assist them with the 
manufacture of IRRI-type machines and equip
ment for rice production. Assistance is also given in 
the redesign or the modification of machines for 
rice production. Field days are held to illustrate 
what could be accomplished by utilizing various 
mechanization sc urces. 

Bangladesh. T ecooperative research and train
ing program with the Bangladesh Rice Research 
Institute (IRRI) continues to be funded by a 
consortium of donors - the Ford Foundation and 
the governments of Australia, Canada, and the 
United States. A very significant achievement of 
the cooperative project is the training, up to the 
Ph D level, of young rice scientists, many of whom 
lead multidisciplinary task forces assigned to in
vestigate priority problem areas affecting rice 
production. 

Four IRRI scientists - a research systems 

specialist and IRRI representative, a rice produc
tion specialist, a rice breeder (deepwater rice), and 
an agricultural economist - are in Bangladesh. 

In fulfilling its overall objective, the cooperative 
project continues to assist in the development of 

BRRI until all parties concerned reach a consensus 
regarding a change in the working relationship 
between BRRI and IRRI. 

Burma. Three IRRI scientists - a rice breeder, a 

cropping systems agronomist, and an a ,, icultural 
engineer - are assigned to the Burma-IRRI 
cooperative rice research and training program. 
The project is based at the Agricultural Research 
Institute (ARI) in Yezin, with test sites in the major 

rice-growing areas of the country. Burmese scien
tists who have undergone short-term and graduate 
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degree training have returned to Burma and have 
assumed leadership or greater involvement, or 
both, in ARI's rice research programs. 

Thailand. Thailand is one of the sites for the 
small-farm machinery industrial extension project, 
the objective of which is to conduct studies to 
determine the potential of IRRI-designed ma-
c. ,es, to determine their performance in selected 
sites, 	 and to provide technical assistance to 

is also the base for IRRI'smanufacturers. It 

research on deepwater rice, conducted collabora-

tively with the Ministry of Agriculture ofThailand. 
An agronomist and an entomologist supported 
from IRRI's core 	funds worked at the Huntra 
Research Station with Thai deepwater research 
scientists. 

Philippines. An IRRI scientist is assigned to a 
cooperative project with the Ministry of Agri-
culture (MA) with emphasis on technology trans-
fer. The mechanism for facilitating the transfer of 
production technology that has been initiated isa 
workshop involving MA officials (regional di-
rectors, research managers, and research coord-
inators) and IRRI scientists and administrators. 
The workshop gives the MA officials and regional 
staff the opportunity to identify and discuss the 
most pressing production problems in their regions 
to be "matched" with the promising technology 
IRRI scientists believe should be evaluated in the 
area. An agricultural engineer also works with MA 
personnel in an industrial extension project similar 
to that in Thailand. 

Egypt. The primary objective of the cooperative 
project is to increase the rice research and training 
capabilities of the Arab Republic of Egypt. IRRI 
participates in the project with the University of 
California, Davis; the University of Arkansas; and 
the Egyptian Ministry of Agriculture. IRRI's 

Table 1. International networks coordinated by IRRI. 1982. 

ParticipatingNetwork countries 

57 
Cropping Systems Network 	 10 


15 


Inturriational Rice Testing Program (IRTP) 

International Network on Soil Fertility and 

Fertilizer Evaluatior for Rice (INSFFER)
 

8
Agricultural Machinery Network 

'Not available. 
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responsibilities are in the research component of 
the project, specifically the rice breeding program, 
the applied research program, and the mechaniza
tion program. 

To date, the most significant achievement of the 
project is the adoption of the Mabrouk 4 (meaning 
"congratulations for producing 4 t of rice per 
feddan") rice production program. The package of 
technology for the program was the result of 
applied research trials that were subsequently 
evaluated in pilot production programs. 

REGIONAL PROGRAMS 

Liaison scientists stationed at the International 
Institute ofTropical Agriculture (IITA) in Ibadan, 
Nigeria, and at the Centro Internacional de Agri
cultura Tropical (CIAT) in Cali, Colombia, link 
IRRI with Africa and Latin America. They visit 
national rice programs within their respective 
regions to assist in identifying problems limiting 
rice research. They assist IRRI in organizing and 
coordinating workshops such as the Upland Rie 
Workshop held at Bouake, Ivory Coast, in October 
1982, and monitoring tours such as the August tour 
of production systems, commercial constraints, 
and research activities in Jamaica, Haiti, and 
Dominican Republic. In addition, they work as 
members of the rice programs of IlTA and CIAT 
and assist those institutes and IRRi in relations 
with the national governments in Africa and Latin 
America. 

INTERNATIONAL RESEARCH NETWORKS 

IRRI continues to serve as a catalyst in the 
planning and implementation of four research 
networks (Table 1). 

Region Cooperating 
scientists 

Worldwide 765 
Asia 8 

Asia, Africa 51 

Asia, Latin America 19 



Table 2. IRRI-sponhored or cosponsored workshops and conferences. 1982. 

DateEvent 

25-29 JanORD (Korea)-IRRi joint planning session on 
blast and cold tolerance 

1-2 MarIRRI-MAFF (Japan) plaurfing workshop 
15-17 AprWorkshop on varietal Improvement of upland 

crops for intensive cropping 
19-24 Apr

International rice research conference 
26 Apr-3 May

Iternational workshop and training course 


on nitrogen management
 
27 Sep-1 Oct

Symposium on organic matter end rice 
10-15 Oct

Lipland rice conference 
64 DecChemrawn II (International conference on 


chemistry and world food supplies: the
 

new frontiers)
 
10-11 DecPost CHEMRAWN workshopsIDRC meeting 

ICDUP meeting (Board meeting of the 10-11 Dec 

International Council for Development 
of Underutilized Plants) 

BOSTID meeting (NAS Board on Science .-15 Dec 
and Technology for International Development) 

13-15 DecACSTD meeting (Integrated Application of 


Emerging and Traditional Technologies
 
for Development)
 

IRRI CONFERENCES 

A number of conferences and workshops held at
 
IRRI headquarters and elsewhere in 1982 attracted
 
more than 1,300 participants (Table 2). Nearly 600
 
participated in the IRRI-cosponsored second
 
major conference on Chemist:y and World Food
 
Supplies (CHEMRAWN II) in Manila.
 

Location 

IRRI 

IRRI 
IRRI 

IRRI 
Fuzhou, China 

Ip .. 
Ivory Coast 
Manila 

IRRI 

IRRI 

IRRI 

IRRI 

Participants 

20 

23 
50 

147 
56 

80 
120 
588 

10 

8 

52 

23 
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Information resources, experimental 
farm, and service laboratones 

LIBRARY AND DOCUMENTATION CENTER 

Bibliographies. The 1981 Supplement to the Inter-
wasnational Bibliography of Rice Research 

published in 1982. It is the second computerized 

supplement jointly produced by the Library and 

the Statistics Department. It contains 6,759
references to scientific rice literature, most of which 

Its coverage is 
appeared in journals in 1981. 

worldwide and the items of reference are classified 

according to subject matter. The supplement in-

cludes literature written in 24 languages and a list 

rice literature translations, mostly from 
of 175 

Chinese to English. It has an author index and a
 

keyword index. Bibliography supplements 1976
fed intr the computer
1981 have already been 


system. Computer retrieval of rice information will 

be instituted soon. 


The 1982 supplement to Theses and Disserta-
tions on Rice Available in the Library of the 
International Rice Research Institute lists 91 titles, 
bringing the overall collection of theses and dis-
sertations to 1,243. 

All new bibliographies were sent to agricultural 
libraries and documentation centers of the rice-
producing regions. Most citations included are 
available at IRRI. 

References and circulations. Within IRRI, the 
number of books and journals and other library 

borrowed during 1982 increasedmaterials 
markedly. As in previous years, requests for copies 

of Japanese literature on genetics and breeding 
exceeded those for literature on all other aspects of 

rice culture. Requests for photocopies of papers on 
werewater management and irrigation also 

received. Assistance in library organization and 

agricultural materials was also sought. Requests 
for short specific-subject bibliographies, mostly 

from Bangladesh, India, Thailand, and Malaysia, 

increased notably. 
Library holdings. The additional 3,037 mono-

graphs (books, pamphlets, and reprints) increased 
the overall monographic collection to 62,422. 
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Some 144 serial titles were added through subscrip

tions, exchanges, and donations. Maps, transla
tions, and microfilms were also added. 

Other library activities. To keep the scientists 

informed ofthe latest publications on rice, tablesof 

contents of newly received journals continued to be 

routed within IRRI and to the Bangladesh Rice
Research Institute; the Central Research Institute 

for Fecd Crops, Indonesia; and the West African 

Rice Development Association, Liberia. 

The Library continued to purchase books for 
othe training parti-

IRRI research scholars and 
cipants. 

INFORMATION SERVICES DEPARTMENT 

The Information Services Department distributed 
about 54,000 copies of major publications during 
1982. About 25% were given free, mostly to key 
Third World libraries, and the remainder sold 
(Fig. 1). 

Major publications. Seventeen publications 
released in 1982 were: 

* Rice tissue culture planning conference 
0 Evolution of thegene rotation conceptfor rice 

blast control 
0 Drought resistance in crops with emphasis on 

rice 

Publications (no.) 

900 
0 Sales 

o Free distribution 
6000
 

oo 

l
3" 
zoo000
 

o
 

Jon Feb Mor Apr May Jun Jul Aug Sep Oct Nov Dec 

1. Information Services Department publication distributio 
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* Proceedingsof the 1981 internationaldeep-

water rice workshop 
" Landless workers and rice farmers:peasant 

subclasses under agrarianreform in two 

Philippinevillages 
" Report of a worksho', on croppingsystems 

researchin Asia 
* Evaluatingtechnologyfor new jarming sys-

tems: Casestudiesfrom Philippinericefarms 

" Rice researchin the 1980s 
* Rice researchstrategiesfor thefuture 
* A global experiment in agriculturaldevelop-

ment 
* An adventureinappliedresearch:A historyof 

the InternationalR e Research Institute 
* Report ofa works iop on the role of anthro-

pologists and othet"social scientists in inter-
disciplinaryteams developirg improvedfood 
production technology 


" Japan'srole in tropicalriceresearch 

* A planfor IRRI's thirddecade 

" Researchhighlightsfor 1981 

* Worldfood day, 16 October 1982 
* Integratedapplicationof emergingandtradi-

tional technologiesfor development 
Serial publications. Four issues of the IRRI 

Reporter were published and distributed to about 

14,000 rice workers. Six issues of the International 
Rice Research Newsletter and Subject Index for 

1981 were published. Fifteen issues of the IRRI 

Research PaperSeries were published: 
No. 71 The development and diffusion of rice 

varieties in Indonesia 
No. 72 	Levels of resistance of rice varieties to 

biotypes of the BPH, Nilaparvatalugens, 
in South and Southeast Asia 

No. 73 Growing season analyses for rainfed wet-
land fields 

No. 74 San Bartolome: beyond the green revolu-
tion 

No. 75 Pathotypes of Xanthomonas campestri 
pv. oryzae in Asia 

No. 76 Focusing field research on future con-
straints to rice production 

No. 77 An internatioral survey of methods used 
for evaluation of cooking and eating quality 
of milled rice 

No: 78 Research on algae, blue-green algae, and 
phototrophic nitrogen fixation at the 

International Rice Research Institute 
(1961-81), summarization, problems, and 
prospects 

No. 79 	Seed-derived callus cu!ture for selecting 
salt-tolerant rices 

No. 80 Economic limitations to increasing shallow 
rainfed rice productivity in Bicol, Philip
pines 

No. 81 Irrigation system management research 
and selected methodological issues 

No. 82 Interdisciplinary challenges and oppor
tunities in international agricultura, re
searqh 

No. 83 Comparativeanal/sis ofcroppingsyst;ms: 
an exploratory stuay of 14 rainfed sites in 
the Philippines 

No. 84 Rapid generation advance of rice at IRRI 

No. 85 Physicochemical characterization of iron
toxic soils in some Asian countries 

Book exhibitions. IRRI and the China National 

Publications Import and Export Corporation co

sponsored the first International Agricultural 
Research Center (IARC) Book Exhibition in 

China in May 1982. About 500 books, periodicals, 
slide sets, and films published by the IARCs were 

displayed at 10-d exhibitions in Beijing, Ch'angsha, 
and Sian. After the exhibition, the educational 
materials were rotated in New Book Show Rooms 

across China. 
IRRI exhibited 220 major books, audiotutorial 

modules, and periodicals at the 1982 Frankfurt 
Book Fair. 

Copublication. A farmer'sprimer on growing 
rice is being copublished in 24 languages. The 

revision of Fieldproblemsof tropicalrice is being 

translated, in advance of the release of the English 

edition, into 10 languages (the original Field 

problems was copublished in 12 languages). 
Audiotutorial modules. The 61-module audio

tutorial series (sets of color slides, cassette tapes, 

booklets on rice training and research) was 
completed in 1982, and work was started on a 

36-.module series on rice-based cropping systems. 

EXPERIMENTAL FARM 

The new wetland area near the end of block 200 

was fully developed and a third rice crop harvested. 
The area is temporarily being used in the seed 
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production program. During development, there 
was some soil movement. As soon as the plant 
growth shows uniformity, the whole area will be 
assigned to the Plant Breeding Department. 

Three plots for deepwater rice experiments were 

constructed in block C and are now in operation. 

The area selected was the unused irrigation water 

reservoir in C24-C26. 
In the dryland area, the turnover of more 

unplanted fields to the Experimental Farm by 

various departments resulted in more income for 

IRRI, better weed control, and improved field 

appearance. 
A new deepwell for delivering irrigation water 

low in boron content was constructed in block F. It 

will also help augment the irrigation water supply 

for blocks F, G, J, K, and L. Extra water will be 

delivered to the college reservoirs in blocks C and 

D to supply water to some experimental plots in 

blocks B, C, D, and E. 
The department offered a 3-wk course in 

experiment station operation and management to 

two trainees from Thailand and Sri Lanka. 

A concrete bridge across the Maitim River was 

constructed to connect the old and new wetland 

rice farms. 
About 203.8 ha were prepared and planted on 

the wetland farm during the 1982 WS and DS. The 

arc a was 42.7 ha larger than that planted in the 

1981 growing season. 
About 119 ha were plowed, harrowed, or roto

vated on the dryland farm - about 20 ha more 

than in 1981. Sixteen hectares, compared with 5 ha 

in 1981, were prepared and planted by the Experi-

mental Farm. As in the previous years, the Multiple 

Cropping Department planted the largest area 

followed by the Agronomy, Rice Production 

Training and Research, Experimental Farm, Plant 

Breeding, Entomology, and Plant Pathology 

Departments, and the International Rice Testing 

Program. 
About 20.2 ha were planted for seed multiplica-

tion of IR36, IR42, IR56, IR841, IR342-299, and 

IR9751-71-3-2 during the WS, andofIR54,IR84 1, 

and IR13429-109-2-2-1 during the DS. About 

71.5 t ofrice seed and 24.9 t of rice for milling were 

produced on the IRRI farm. 
Because of the larger area planted, about 166 t of 

fertilizer valued at $36,304 were used on the 
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experimental farm. The amount was 10 t more 
than that used in 1981. The price of fertilizer 
increased as follows: ammonium sulfate by 20%, 
urea by 22.8%, solophos by 50.9%, 14-14-14 by 
13.3%, and muriate of potash by 1.8%. Ammonium 

sulfate accounted for 56.1% of the total consump

tion followed by urea, 16.3%; solophos, 13.3%; 

14-14-14, 10.9%; and muriate of potash, 3.4%. 

The insecticide and tenac sticker expenditure 

was $60,224.25, less than in 1981. There were no 

serious pest outbreaks. A pest monitoring group 

determined when to spray for insect control to 

greatly reduce chemicl use. 
About $15,635 was spent on weed control. 

Greater use of the mower along roadways and 

ditches resulted in considerable savings. Contract 

labor cost $238,857. 
The 1982 farm income of $29,679 was derived 

from the sale ofrice for seed, rice for milling, milled 

rice, green maize, dried flint maize, sorghum, and 

rice bran. 
Rats killed totaled 42,817. Sustained baiting was 

maintained using warfarin, tomorin, ratoxin, 

liphadione, ratak, and talon. Dogs were used at 

times to detect the presence of rats in burrows, 

which saved time in digging and flame-throwing 

operations. Rat fences were continuously main

tamined; the use of electric barriers was continued. 

ANALYTICAL SERVICE LABORATORIES 

Chemical Analysis Laboratory. There were 139,247 

analyses made on 65,030 soil, plant, and solution 

samples. Table 1shows the 6-yr trend. 

Mass Spectrometet Laboratory. The laboratory 

analyzed the N15-N1 4 ratio in 4.191 soil and plant 

samples. Table 2 shows the 2-y- breakdown. 

Radioisotope Lai;nratory. A total of 3,050 

samples containing C14 were accepted foT radio

activity measurements (Table 3). 

PESTICIDE RESIDUE LABORATORY 

Four hundred and thirty-two soil samples were 

analyzed for butachlor for the Agronomy Depart

ment and 64 rice leaf samples for MIPC for the 

Entomology Department. The laboratory also 

analyzed 25 samples for sugars submitted by the 

Plant Pathology Department. 

http:60,224.25


Tae 1. Output of the Chemical Analysis Laboratory, 1977-1982. 

Analyses (no.)Samples (no.) 
Year 

Soil Plant Water Total 

- 294071977 4542 24865 


1978 7304 28242 - 35546 


1979 9312 23297 2024 34633 

1980 5514 35315 23418 64247 


1981 3558 41207 17402 62167 

2702 44385 17943 65030
1982 


Table 2. Number of samples run in the Mam Spectrometer 
Laboratory. IRRI, 1961-82. 

Samples (no.) 
Year
 

Soil Plant Floodwrter Total 


1378 	 2648
 
4191 


1981 918 	 352 

1982 4067 124 

-

The Chemistry Department submitted 60 sam-


pies for quantitative anaiysis of aldononitrile 

and
derivatives of neutral sugars of bran, germ, 

milled-rice cell walls, and 253 samples for analysis 

of insect resistance factors in the rice plant. The 

Entomology Department submitted 136 ext-.cts 

from pheromone traps 	in the field for synthetic 

pheromone persistence studies. 

PIIYTOTRON 

Thirty-eight research projects of the Agricultural 

Engineering, Agronomy, Entomology, Plant 

Breeding, Plant Pathology, Plant Physiology, and 

Soil Microbiology Departments used the Phyto-

tron facilities in 1982. The glasshouse room had the 

Soil Plant Water Total 

- 5877316169 42604 

- 74798
28642 46156 


4048 85759
46873 34838 

25970 98058
27957 44131 

44494 145128
21536 79098 


84316 34478 	 139247
20453 


Table 3. Number of samples analyzed in the Radioisotope 
Laboratory. IRRI, 1982. 

Samples (no.) 

Liquid scintil- Vibrating reed Total 
lation counter electrometer 

- 454Soil 454 

Plant 123 - 123
 

629 1888
Water 1259 

Gases 390 195 55
 

824 3050
Total 2226 


highest occupancy (94%), followed by the artifi

cially lighted cabinet (93%). Occupancy of other 

environmental rooms ranged from 46% to 83%. 

About 50% of the space in the cold room was used 

for the storage of RGA bulk rice materials in 1982. 

Maintenance service was performed on the air

conditioning system and its supporting equipment 

of all glasshouse rooms and growth cabinets in 

November. The controllers, recorders, and sensors 

were calibrated and tested for proper operation. 

All facilities were given a dry run to ensure standard 

performance. 

INFORMATION RESOURCES. EXPERIMENTAL FARM, AND SERVICE LABORATORIES 509
 



Publications and seminars 
PUBLICATIONS 

Administration 
Greenland, D. J. 1982. Chemistry and the soil environ-

ment - surfaces and sorption processes. Pages 99-
110 in Frontiers of chemistry. Pergamom Press, 
Oxford. 

Greenland, D. J., and I. Watanabe. 1982. The continuing 

nitrogen enigma. Trans. 12th Int. Congr. Soil Sci. 

(New Delhi) 5:123-137. 


Swaminathan, M. S. 1982. Biotechnology research and 

third world agriculture. Science 218:967-972. 


Swaminathan, M. S. 1982. Improving the productivity 
of rice-based farming systems: the challenges ahead. 
Pages 1-15 in International Rice Research Institute. 
Rice research in the 1980s. Los Bafhos, Laguna, 
Philippines. 

Swaminathan, M. S. 1982. Science and integrated rural 
development. Concept Publishing House, New Delhi. 
354 p. 

Agricultural Economics 
Flinn, J. C., and G. L. Denning. 1982. Interdisciplinary 

challenges and opportunities in international agricul-
tural research. IRRI Res. Pap. Ser. 82. 19 p. 

Flinn, J. C., S. K. Jayasuriya, and E. Labadan. 1982. 
Evaluating cropping patterns in a whole-farm frame-
work. Pages 669-694 in International Rice Research 
Institute. Report of a workshop on cropping systems 
research in Asia. Los Bahos, Laguna, Philippines. 

Flinn, J. C., and K. Kalirajan. 1982. Supply responsive-
ness of rice farmers in Laguna, Philippines. Aust. J. 
Agric. Econ. 26(1):39-48. 

Herdt, R. W. 1982. Focusing field research on future 
constraints to rice production. IRRI Res. Pap. Ser. 
76. 18 p. 

Hsieh, S. C., J. C. Flinn, and N. Amerasii;ghe. 1982. The 
role of rice in meeting future needs. Pages 27-49 in 
International Rice Research Institute. Rice research 
strategies for the future. Los Bahios, Laguna, Philip-
pines, 

Huke, R. E., V. Cordova, and S. Sardido. 1982. San 
Bartolome: beyond the green revolution. IRRI Res. 
Pap. Ser. 74. 14 p. 

Jayasuriya, S. K., arid C. Maranan. 1982. Economics of 

upland crops in rice-based cropping systems. Pages 
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Bahos, Philippines. 11 p. 
Watanabe, 	I., W. L. Barraquio, and M. L. Daroy. 1982. 

Predominance of hydrogen utilizing bacteria among 

nitrogen-fixing bacteria in wetland rice root. Canad. 

J. Microbiol. 28(9):1051-1054. 
Wataimbe, I., and S. Brotonegoro. 1981. Paddy fields. 

Pages 241-263 in W. J. Broughton, ed. Nitrogen 

fixation. Voi. 1,Ecology, Claredon Press, Oxford. 

Watanabe, I., and W. Cholitkul. 182. Nitrogen fixation 

in acid sulfate soil. Pages 219-226 in International 

symposium on distribution, characteristics and utili

zation of problem soils. Tropical Agriculture Re

search Center, Japan, Ibaiaki. 
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L. Barraquio. 1981.Watanabe, 1., 0. Ito, and W. 

Nitrogen fixing population and activity associated 

with wetland rice. Pages 177-182 in P. B. Vose and 

A. P. Ruschel, eds. Associative N2-fixation. Vol. II, 

CRC Press, Florida. 
Watanabe, I., and W. Ventura. 1982. Nitrogen fixation 

associated with deepwater rice. Curr. Sci. 51(9):462-

465. 
Watanabe, I., and W. Ventura. 1982. Nitrogen fixation 

associated with deepwater rice. Soil Sei. Plant Nutr. 

28(4):553-558. 

Watanabe, I., W. Ventura, W. Cholitul, P. A. Roger, 

and S. A. Kulasooriya. 1982. Potential of biological 

nitrogen fixation in deepwater rice. Pages 191-200 in 

International Rice Research Institute and Depart

ment of Agriculture, Ministry of Agriculture and 

Cooperatives, Thailand. Proceedings of the 1981 

international deepwater rice workshop. Los Bahios, 

Laguna, Philippines. 
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SEMINARIS; 

The seminars held at IRRI during 1982 are grouped as Thursday seminars, Saturday seminars, and special seminars.
 
The Saturdey seminars report ongoing IRRI researches. Unless otherwise stated, the speakers were staff members.
 

Thursday seminars
 
IRRI's training and professional advancement programs. Dr. M. D. Pathak.
 
Utilization of lice straw forpaper making. Dr. W. S. Tiosic, president and chairman of the Board, People's Pulp and
 

Paper Mills, Inc., Manila.
 
Diving the WW II shipwrecks of Truk Lagoon, Carolines. Dr. T. R. Hargrove.

Cropping systems entomology: accomplishments and future directions. Dr. J. A. Litsinger.
 

.. d corntrol in rainfed cropping systems: some experiences in ICRISAT. Dr. S. V.R. Shetty, postdoctoral fellow, 
Agionomy Department. 

Edible tropical plants or Asian vegetables i'cluding wild plants. Ms. S. Yoshida, IRRI Staff Housing.
White line mosaic, a new disease of corn. Dr. C. Boothroyd, advisor, National Crop Protection Center, University of 

the Philippines at Los Bafios. 
The s'heme of biology - a unifying concept. Dr. H. H. Hagerman, visiting communication specialist, Rice 

Production Training and Research. 
Vertebrae pest research at IRRI - an update. Mr. L. Fiedler, biologist, National Crop Protection Center, University 

of the Philippines at Los Bafios. 
Present and future status of research on wheat in the Philippines. Dr. T. Masajo, postdoctoral fellow, International 

Rice Testing Program. 
IRRI cropping systems and research in Solana. Mr. Rolando Torres. 
Development of applicators for f.rtilizer deep placement. Dr. B. J. Cochran, visiting scientist, Agricultural 

Engineering Department. 
The secret of effective office management: tips to bosses and secretaries. Ms. E. Yalong. 
The potential of the potato in a rice-oriented Asia. Dr. Peter Vander Zaag, regional representative, International 

Potato Center (CIP), c/o Philippine Council for Agriculture and Resources Research Development. 
Factors influencing growth and nitrogen fixation of Azolla. Dr. Tung Heng Fong, senior postdoctoral fellow, Soil 

Microbiology Department. 
Grain legumes in cropping systems in India. Dr. R. K. Pandey, senior research fellow, Cropping Systems Program. 
The rices of IRRI. Dr. T. R. Hargrove. 
Iron toxicity: a soil microbiological view. Dr. G. Benckiser, postdoctoral fellow, Soil Microbiology Department. 
General concept of rice yield losses caused by insect pests. Dr. 0. Mochida. 
Water stress and sterility in rice. Dr. J. C. OToole. 
Nitrogen-fixing diazotroph isolated from Saccharum spontanium roots enhanced growth of rice and corn. Dr. M. 

Umali-Garcia, assistant professor, College of Forestry, University of the Philippines at Los Bahos. 
Quantitative evaluation of agrotechnology transfer. Dr. F. B. Cady, visiting scientist, IRRI. 
IARC book exhibition and co-publishing in China. Dr. T. R. Hargrove. 
Some thoughts on rice disease research. Dr. T. W. Mew. 
Irrigation projects - typical problem areas in planning and execution. Mr. A. Seki, irrigation engineer, Irrigation 

Division II, Asian Development Bank, Manila. 
land classification in a tropical river basin using LANDFAT and ancillary data. Dr. R. A. Morris. 
What did a new rice technology do to population? Dr. M. Kikuchi. 
Properties of rice starch in relation to varietal differences in processing characteristics of rice grain. Dr. B.0. Juliano. 
Do's and dont's on the IRRI farm. Mr. F. V. Ramos. 
INTSORMIL - the title XII sorghum/millet program. Dr. J. W. Maranville, visiting scientist, Institute of Plant 

Breeding, University of the Philippines at Los Baios. 
Diseases of cropping systems research. Dr. E. C. Price. 
Some alternate concepts for deep fertilizer applicator. Dr. A. U. Khan, consultant, Agricultural Engineering 

Department. 
Genetics of rice bacterial resistance. Mr. Atsushi Yoshimura, research fellow, Plant Pathology Department. 
Application of tissue- and culture-induced mutagenesis to crop improvement. Dr. S. Yoshida. 
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Algae as food in the Philippines. Dr. Milagrosa Martinez, assistant professor, Department of Botany, University of 

the Philippines at Los Bahios. 

Biochemical response ofplants to mechanical wounding, fungal infection and insectival infestation. Prof. Emeritus 

Dr. Ikuzo Uritani, Department of Agricultural Chemistry, Faculty of Agriculture, Nagoya University, Furu-

Cho, Chikusa, Nagoya, Japan. 

Saturday seminars 
Hybrids and composites in the varietal improvement for rainfed lowland rice. Dr. R. C. Chaudhary, senior research 

fellow, Plant Breeding Department, IRRI.
 

Field performance evaluation of the manual IRRI rice transplanter. Mr. T. R. Sharma, research scholar, Agricultural
 

Engineering Department, IRRI.
 
5 N dilution to assess nitrogen fixation in association with rice. Mr. Wilbur Ventura and Dr. lwao Watanabe.
 
1'-
Consumer preference and properties of raw and cooked milled rice (cooperative study between I RRI and IHE-U PLB
 

until 1980). Ms. A. del Mundo, assistant professor, Institute of Human Ecology, University of th. Philippines at
 

Los Babos.
 
Submergence tolerance in rice and its inheritance. Dr. H. K. Mohanty, senior research fellow, Plant Breeding
 

Department.
 
Availability of blue-green algal nitrogen to the rice plant. Ms. A. Tirol.
 

Dinitrogen-fixing Pseudomnona. associated with wetland rice. Mr. W. L. Barraquio and Dr. I. Watanabe.
 

Role of natural enemies in population suppression and pest management of green rice leafhoppers. Dr. F. 0. Cariho, 

postdoctoral fellow, Entomology Department. 

Morphological variations among three biotypes of the rice brown plaithopper, Nilaparvata lugens (Stal), in the 

Philiopines. Dr. R. C. Saxena. 

Whitebacked planthopper, Sogatella furcifera (Horvath), problem on rice in Asia. Dr. 0. Mochida. 

Improving the reproductive drought resistance of rice. Dr. D. P. Garrity, Dr. J. C. O'Toole, Mr. R. T. Cruz, and 

M'r. R. P. Novero. 

Tolerance to the brown planthopper in rice varieties. Dr. N. Panda, postdoctoral fellow, Entomology Department. 

Aeroponic culture techniques for screening root characteristics of rice germplasm. Ms. G. C. Loresto. 

Comparison tests of seeders (planters) and their suitability for small scale farmers. Mr. E. Henke, research associate, 

Agricultural Engineering Department. 

A mixed 0-1 integer programming model for farm machinery selection and crop planning. Mr. Habib Ur-Rehman, 

research scholar, Agricultural Engineering Department. 

The environment and the rice culture in the Cagayan Valley. Dr. H. Furukawa, senior research fellow, Multiple 

Cropping Department. 
to prerice and postrice environments. Dr. R. Clements, postdoctoral fellow, Multiple 

Adaptation of soybeans 

Cropping Department.
 rice soils. Dr. G. Keerthisinghe,

in nitrogen dynamics in wetland 
The role of nonexchangeable ammonium 

postdoctoral fellow, Agronomy Department. 

The world of Alang-Alang: a qualitative review of research and development in the Asian Cropping Systems 

Network. Dr. M. Z. Hoque, postdoctoral fellow, Multiple Cropping Department. 

Design and development of a multi-purpose dryer using non-conventional sources ofenergy. Mr. Yong Woon Jeon, 

research fellow, Agricultural Engineering Department.
 

Residual effects of fertilizer nitrogen in a rice-rice cropping sequence. Mi. Rogelio Magbanua.
 

Toxins of Xanthomonas campestris pv. oryzae. Dr. G. P. Singh, postdoctoral fellow, Plant Pathology Department. 

Studies on the resistance of 1R34 to tungro. Mr. R. Cabunagan.
 

Influence of soil microorganisms on the survival of the rice sheath blight pathogen. Ms. A. Rosales.
 

Chemical control of blast, sheath blight, and bakanae diseases of rice. Mr. J. Bandong.
 

Weed control in dry-seeded wetland rice. Mr. D. Navarez.
 

Response of rice to water stress. I.The role of osmotic adjustment in leaf rolling and tissue death. II. Sensitivity of 

meiosis during pollen development. Ms. E. B. Yambao, Ms. 0. S. Namuco, and Dr. J. C. O'Toole. 

Review of the current research on the role of ammonia volatilization as a nitrogen loss mechanism in wetland rice 

S. K. De Datta, Ms. E. Flordelis, Ms. C. Menguito, Mr. E. 
topdressed with urea. Dr. 1. R. P. Fillery, Dr 

Castillo, and Ms. M. del Rosario. 
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Synchrony of rice cultivation and the dynamics of pest populations. Dr. M. Loevinson, research fellow, Entomology 

Department. 
Activities of the International Association for Cereal Chemistry (ICC) Study Group 21B -Test methods for 

rice-cooking properties." Dr. B. 0. Juliano. 
Improving irrigation system infrastructure at the tertiary level to increase rice production an Indonesian case. M r. W. 

F. Purba, research scholar, Irrigation and Water Management Department, and Dr. S. 1.Bhuiyan. 

Improving the water allocation-distribution method in a pump irrigaton system. Mr. A. Galang, Mr. D. Tabbal, 

Dr. S. I. Bhuiyan; Ms. S. Samaniego, soil technologist, Mr. F. S. Tabo, irrigation engineer, and Mr. P. D. 

Favenir, acting irrigation superintendent, National Irrigation Administration. 

Community irrigation: indigenous solutions to management of water resources. Dr. R. Y. Siy, partial research fellow, 

Irrigation and Water Management Department, and Dr. A. C. Early. 

Collaborative irrigation system management research results from the Upper Pampanga Integrated Irrigation 

System. Dr. A. C. Early, Mr. T. B. Moya, Mr. D. M. Cablayan, Mr. B. C. Gilles, Mr. B. Valera, Ms. G. G. 

Soltes, Mr. M. M. Alagcon, and Ms. M. Y. H. Sipin. 
Mechanization and cropping intensification. Dr. S. K. Jayasuriya, cropping systems network economist, Dr. A. Te, 

postdoctoral fellow, Agricultural Economics Department, and Dr. R. W. Herdt. 
Rice production constraints research in Pakistan. Dr. J. C. Flinn. 

Changes in labor use and labor contracts for rice farming in Laguna, Philippinef.. Ms. F. B. Gascon, Ms. L. M. 

Bambo, Dr. M. Kikuchi, and Dr. R. W. Herdt. 
Performance of salt-tolerant rices 'n saline soils in the Philippines. Mr. R. Y. Reyes. 

Improving the fertility of rice soils by straw and water management. Ms. A. B. Capati. 

Amelioration of peat soils for wetland rice. Ms. C. C. Quijano. 
The rapid generation advance (RGA) facilities at IRRI. Mr. G.Pateha. 

Induction and selection of salt tolerant mutant rice by tissue culture. Dr. M. Ogawa, postdoctoral fellow, Plant 

Physiology Department. 
Nutritional disorders of rice in acia soils from the Philippines and Thailand. Ms. V. Coronel. 
Effect of water stress on grain filling in rice. Dr. M. S. Rahman, postdoctoral fellow, Plant Physiology Department. 

Special seminars 
Experience of a 200-ha rice garden. Mr. A. Baclig, superintendent, PPC Rice Farm, Bukidnon, Philippines. 

Use of protoplasts for plant genetic manipulations. Prof. E. C. Cocking, head, Department of Botany, School of 

Biological Sciences, University of Nottingham, England. 
Green energy project in Japan. Dr. Y. Takahashi, IRRI representative in Japan and formerly director, Department of 

Physiology and Genetics, National Institute of Agricultural Sciences, Japan. 

Classification and evaluation of rices by lfugao seed selectors. Dr. Harold C. Conklin, Department of Anthropology, 

Yale University, New Haven, Connecticut. 

Brazilian agricultural research. Dr. Victor Palma, head, Planning and Methods Department, Brazilian Agricultural 

Research Corporation (EMBRAFA), Brasilia, D.F., Brazil. 

Perspectives in biotechnology. Dr. M. S. Swaminathan. 
Nucltar male sterility in wheat and its use in composite crosses and in hybrid production. Dr. C. J. Driscoll, Waite 

Professor in Agronomy, University of Adelaide, Waite Agricultural Research Institute, Australia. 

'Chipco andolan': A predominantly women's movement to safeguard wise use of forests. Mr. Chandi Prasad Bhatt, 

1982 Ramon Magsaysay Foundation Awardee for Community Leadership. 

Soil physics in crop growth models. Dr. F. D. Whisler, visiting scientist, Multiple Cropping Department. 

The influence of tillape for wetland rice on some physical properties of soils. Dr. N. C. Keersebilck, project leader, 

Belgian Bilateral Cc.1eration Project, Gadjah Mada University, Yogyakarta, Indonesia. 

Soils and development in higiland New Guinea. Dr. Colin Pain, soi! scientist/geomorphologist, University of New 

South Wales, Sydney, Australia. 
Immunological techniques for the identification and ecological study of N2-fixing microorganisms associated with 

rice plants. 1.Heterotrophic bacteria. I1.Symbiotic blue-green algae, Anabaena azollae from Azolla, Dr. J. K. 

La.lha. 
Adaptation of the IRRI-CAAMS reaper in Pakistan. Dr. Zia Ur-Rahman, director, Agricultural Machinery
 

Division, Pakistan Agricultural Research Council, Pakistan.
 

PUBLICATIONS AND SEMINARS 523 



Professional communicRion between UPLB and IRRI researchers. Ms. Alice Flinn, IRRI Staff Housing. 

Soybean resistance to bean fly. Dr. Dale M. Norris, professor of Entomology, University of Wisconsin-Madison. 

Emerging economic scenario in Asia. Mr. Masao Fujioka, president, Asian Development Bank, Manila. 
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Finances 
The Institute received $24,977,201.86 during 1982. 

The United States Agency for International 

Development (USAID) gave $7,775,671.77 

$5,900,000 for core operatiors; $36,000 to assist in 

the implementation of the Philippine national and 
regional applied research and extension programs 
in rice and rice-based cropping systems; $621,495.53 
for industrial extension of small-scale agricultural 

equipment developed at IRRI; arid $6,391.41 for 

training costs of Razia Soltana and Metengue 

Diack. 
USAIDalso released $1,211,784.83 forcontinu-

ing contracts: 
* $112,749.98 for a contract between IRRI and 

the Government of Sri Lanka for assistance in 

implementing rice and cropping systems re-

search projects with funds provided by USAID 

loan. 
e 	$157,203.07 for a contract between the Arab 

Republic of Egypt and the Regents of the 

University of California and IRRI for a 

technical assistance relationship for increased 

production and improved quality of rice in 

Egypt through the development and adoption 

of improved agricultural practices and varie-

ties of rice. 
e $22,516.82 for the services of an industrial 

engineer for the small-scale agricultural equip-
ment extension project of the Government of 

Indonesia. 
0 $52,056.08 for technical services and equip-

ment to conduct a demonstration program in 

Luwu (Indonesia) project area, of the IRRI-

designed and Indonesian-manufactured hand 

tractor and accessories. 
* $449,205.94 for supporting a 3.5-year project 

for accelerated development and use of im-

proved rice technology in Indonesia. 
* $183,132.93 for collaborative rice research in 

Pakistan. 
* $111,770.01 for a project on consequences of 

mechanization on small farms. 
0 $70,000 for the water management applied 

research and training in connection with the 

memorandum ofagreement between the Bicol 

River Basin Development Program, IRRI; the 

National Irrigation Administration and the 
Joint Project Implementation Letter No. 15 of 

26 Jan 1981. 
* $53,150 to support setting up of a Nutriti,nal 

Evaluation Laboratory as a regional center for 
researclh on the nutritional value of high
protein cereals and legumes and weaning 
foods of children. 

The Japanese Government gave. $3,400,000 for 

partial support of the GEU program including 

expenses of germplasm collection and mainte

nance; for partial support of Soil and Crop 

Management Program; and for partial support of 

Control and Management of Rice Pests. 
The Ministry of Overseas Development, United 

Kingdom gave $1,102,320 for the core program. 
The Canadian International Development 

Agency gave $1,208,250 for core operations; 

$527,464.86 for cooperation between the Bang

ladesh Rice Research Institute and IRRI; and 

$406,255.81 for cooperative research on rice, rice

based cropping systems, and development of 

machines for small-scale farming between the 

Government of Burma and IRRI. 
The International Development Research Center 

(IDRC), Canada, gave $297,039.48. Of that 

$112,438.26 was part ofa3-yeargrant forcropping 

systems outreach in South and Southeast Asia; 

$156,023 for the IR RI/ UPLB cooperative research 

project on varietal improvement ofdryland legume 

crops for rice-based cropping systems; $8,435 as 

part of a 4-year grant to support a multiple 

cropping research project at the Bangladesh Rice 

Research Institute; $20,000 to enable Dr. M. 

Sahidul Hoque to undertake postdoctoral studies 

at IRRI; and $143.22 towards the training cost of 

Mr. Amadou Makhtar Diop. 
The European Economic Community gave 

$2,010,311.51 for water management, scholarships 

for candidates from developing countries, and 

partial support of the GEU program. 
The Australian Government gave $1,107,229.56 

of which $655,140 was for core operations, includ

ing travel of Australian scientists; $406,713.46 for 

expansion of technical assistance and collaborative 

relationships with the Bangladesh Rice Research 
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Institute; and $45,376.10 in support of the con-

sultancy study ccncerning the International Board 

for Soil Resources Management. 
The Federal Republic ofGermany gave $530,660 

for core operations; $207,650 towards the project 

o'i the effects of organic matter on paddy soils; 

$5,795.99 for support of a visiting scientist in soil 

microbiology; and $20,730 to support the lnterna-

tional Board for Soils Resources Management. 

Association
The International Development 


gave $1,230,000 for core operations and capital 


expenditures. 

The United Nations Development Programme 

released $1,637,200 ofwhi,.,1 $1,540,200 was for the 

International Rice Testing and Improvement 

Program; $12,000 toward annual meetings of the 

Rice Testing Program and Biological Nitrogen 

Fixation components of the project; and $85,000 to 

undertake expanded research on rice-weather rela-

tionship. 
The International Fund for Agricultural Devel-

opnient gave $1,600,000 for research on rice-based 

cropping systems. 
The Government of India gave $115,445 for the 

core program. 
The Government of Denmark gave $126,063.66 

for the core program. 
The Government of the Philippines gave 

$250,000 for the core program. 
The Government of Sweden gave $256,572.53 

for the core program. 
Zealand gaveThe Government of New 

$18,477.50 for the core program. 
The Government of Spain gave $25,000 for the 

core program. 
The Government of Belgium gave $136,454.29 

E,,, the core program and $20,992.97 for the 
FLKU (Fakulteit dercollaborative research withl 

Landhovwwetenschappen Katholieke Universiteit 

Leuven). 
The Swiss Federal Council, represented by the 

Swiss Development Corporation, gave $136,800 to 

support the studies of nitrogen fertilizers used for 

rice. 
Since February 1978, a contract between IRRI 

Fertilizer Developmentand the International 

Center has supported a joint project on the fate and 


efficiency of nitrogen fertilizers in lowland rice. 


IFDC reimbursed IRRI $33,481.53. 
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Since 1980, a coriract between IRRI and the 

Food Policy Research InstituteInternational 
(IFPRI) has supported a major collaborative 

research on rice policy in Southeast Asia. IFPRI 

reimbursed IRRI $51,931.58. 
The Ford Foundation gave $263,300 -$150,000 

and capital expenditures;for core operations 
$100,000 in support of rice research and develop

foi fellowships ofment in Bangladesh; $12,000 
aAsian students; and $1,300 for workshop in 

socioeconomic constraints. 
The Rockefeller Foundation gave $154,177.35 

$150,000 for core operations and capital needs;-
$2,177.35 toward expenses of a postdoctoral ap

pointee; and $2,000 as an outright and restricted 

contribution for the cordial reception accorded to 

RF fellows.
 
Other donors were:
 
e Office of Rural Development,
 

Korea, seed multiplication 
program and cooperative 
research program ............... $70,000.00 

@Philippine Council for Agriculture 
and Resources Research, cooperative 
applied research on rainfed 

$42,994.29 rice ..............................
 
e National Food and Agriculture Council,
 

strengthening the settlement program
 
to carry out agrarian reform policies
 

and programs ................... 
$15,374.08 

* Ministry of Agriculture, implemen
tation of the Philippine national and 

regional applied research and extension 

program in rice and rice-based 
cropping systems ................ $40,698.80 

9 International Board for Plant Genetic 

Resources, field collection of indi

genous rice germplasm in South and 

Southeast Asia .................. $11,000.00 

Imperial Chemical Industries, ree 
$5,000.00 search grant ...................... 


* Stauffer Chemical Company. wVLed 
$3,000.00 control ........................... 


* Ciba-Geigy, agrochemical 
$3,000.00 research ..................
 

e Monsanto, herbicide re
$3,020.12 search ............................ 


e American Cyanamid Overseas
 
Corporation, weed control and
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insect control ..................... $2,000.00 

* Hoechst, AG, research work 

at IRRI .......................... $4,545.45 
* American Chemical Society, 


International Conference on 

Chemistry and World Food 

Supplies (Chemrawn II ......... $65,910.00 

" SKWTrostberg Aktiengesellschaft, 
soil fertility research .............. $6,000.00 

* MontLdison, herbicide and pesticide 
research .......................... $6,000.00 

" KenoGard, entomology re-
-earch ............................ $1,000.00 

* FMC International, 
entomological research ........... $3,000.00 

" International Potash Insti-
tute and Potash and Phosphate 
Institute, soil fertility 
research ......................... $14,383.73 

" UNESCO 
* Travel grant to enable 

Dr. Clodualdo Maningat 

to carry out a cooperative 

research program at Grain 

Science, Kansas State 
University ...................... $2,500.00 

* Travel grant to enable 
Mrs. Rhodora Romero to work 
in the laboratory of the 
Centre Nacional de Recherche 
Scientifique (CNRS) in 
Gif-Sur-Yvette on "Rice 
Microspore Culture" . .......... $2,700.00 

* Food and Agriculture 

Organization of the United 

Nations: 

* Support of the 2d 

Integrated Pest Management 
Course from September 6 
to December 12, 1982 ......... $16,300.00 

" 	Assist ir. conducting a 
rice monitoring program ....... $2,500.00 

* To cover expenses for 
analyzing data on crop losses 
due to seeds .................... $1,000.00 

The Ford Foundation gave $263,300 - $150,000 

for core operations and capital expenditures; 

$100,000 in support of rice research and develop-

ment in Bangladesh; $12,000 for fellowships of 

Asian students; and $1,300 for a workshop in 
socioeconomic constraints. 

The Rockefeller Foundaticn gave $154,177.35, 
which included $150,000 for core operations and 
capital needs; $2,177.35 toward expenses of a 
postdoctoral appointee; and $2,000 as an outright 
and restric,-d contribution for the cordial recep

tion accorded to RF fellows. 
Other donors were: 
* Office of Rural Development, 

Korea, seed multiplication 
program and cooperative 
research program ........... $70,000.00 

* Philippine Council for Agriculture 
and Resources Research, cooperative 
applied research on rainfed 
rice .............................. $42,994.29 

0 	National Food and Agriculture Council, 
strengthening the settlement program 
to carry out agrarian reform policies 
and programs ................... $15,374.08 

o 	 Ministry of Agriculture, implemen
tation of the Philippine national and 
regional applied research and extension 
program in rice and rice-based 
cropping systems ................ $40,698.80 

& International Board for Plant Genetic 
Resources, field collection of indi
genous rice germplasm in South and 
Southeast Asia ............. $11,000.00 

• 	 Imperial Chemical Industries, re
search grant ...................... $5,000.00 

* Stauffer Chemical Company, weed 
control ........................... $3,000.00 

a Ciba-Geigy, agrochemical 
research .......................... $3,000.00 

0 Monsanto, herbicide re
search ............................ $3,020.12 

e 	American Cyanamid Overseas 
Corporation, weed control and 
insect control ..................... $2,000.00 

o 	Hoechst, AG, research work 
at IRRI .......................... $4,545.45 

* American Chemical Society, 
International Conference on 
Chemistry and World Food 
Supplies (Chemrawn il) ......... $65,910.00 

9 	SKWTrostberg Aktiengesellschaft, 
soil fertility research .............. $6,000.00 
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$3,000.00 entomological research ........
 
" Montedison, herbicide and pesticide 

$6,000.00 9 International Potash Insti
research .......................... 


tute and Potash and Phosphate 
" KenoGard. entomology re-

$1,000.00 Institute, soil fertility
search ............................ $14,383.73
 research ......................... 


* FMC International, 

523 IRRI ANNUAL REPORT FOR 1982 

http:14,383.73
http:1,000.00
http:6,000.00
http:3,000.00


Staff changes 
January 
Dr.James A. L.itsinger, entomologist, completed a I-yr 

sabbatical leave at the University of Hawaii. 
Mr. Charles J. Moss resigned as agricultural engineer, 

IRRI/Egypt Rice Project. 

February 
Dr. David J. MacKi!l of International Crop Research 

Institute for the Semi-Arid Tropics joined the Plant 
Breeding Department as associate plant breeder. 

Dr. Leonard R. Oldeman of the World Meteorological 
Organization began a I-yr assignment as visiting 
scientist, Multiple Cropping Department. 

Dr. Mun Hue Heu resigned as plant breeder, Plant 
Breeding Department. 

Dr. Jeff R. Simpson, Division of Plant Industry, 
Commonwealth Scientific and Industrial Research 
Organization, completed a short-term assignment as 
visiting scientist, Soil Chemistry Department. 

Mr. Henry M. Beachell resigned as plant breeder, AID-
492-1310 (Indonesia). 

Dr. Keh-Chi Ling, plant pathologist, passed away. 

March 
Dr. Robert E. Huke of Dartmouth College completed 

a short-term assignment as visiting scientist, Agricul-
tural Economics Department. 

April 
Dr. M. S. Swaminathan joined the IRRI staff as 

Director General. 
Mr. Paul A. Cooper, a private consultant and formerly 

with USAID, began a 2-yr assignment as consultant, 
Administration (Director General's Office). 

Mr. Walter G. Rockwood resigned as editor to join 
USAID, Washington, D.C. 

Mr. Jack B. Duff, associate agricultural economist, 
completed a I-yrsabbaticalleaveat the University of 
California, Davis. 

May 
Dr. John C. O'Toole, agronomist, completed a I-yr 

sabbatical leave at the University of California, 
Davis. 

Dr. Derk HilleRisLambers, plant breeder, IRRI co-
operative projects with the Ministry of Agriculture 
and Cooperatives in Thailand, completed a I-yr 
assignment as visiting scientist, Plant Breeding 
Department. 

Dr. Keith Moody, agronomist, began a I-yr sabbatical 
leave at the Weed Research Organization. 

Dr. Victor A. Dyck resigned as entomologist to return to 
Canada. 

Dr. Walter L. Griffeth resigned as crop production 
specialist, Rice Production Training and Research 
Department. 

June 
Dr. Benito S. Vergara, plant physiologist, completed a 

I-yr sabbatical leave at the University of California, 
Davis. 

Ms. Lina M. Vergara, librarian, completed a i-yr 
sabbatical leave at the University of California, 
Davis. 

Dr. 	Ray B. Diamond of the International Fertilizer 
Development Centre, began a I-yr assignment as 
visiting scientist, Agronomy Department. 

Dr. Jerry W. Maranville of the University of Nebraska 
began a I-yr assignment as visiting scientist on the 
Joint IRRI/Institute of Plant Breeding (UPLB) 
Collaborative Project. 

Dr. Igmidio T. Corpuz left the IRRI staffas agronomist; 
AID-492-1310 (Indonesia) was terminated. 

Dr. James R. Hooper left the IRRI staff as associate 
agronomist; AID-492-1310 (Indonesia) was ter
minated. 

Mr. Hugh T. Murphy, director for administration, 
began a 6-mo sabbatical leave at Harvard Uni
versity. 

Dr. Elvis A. Heinrichs, entomologist, began a 6-mo 
sabbatical leave at the University of Nebraska. 

July 
Dr. Tom W. Mew, plant pathologist, completed a I-yr 

sabbatical leave at the North Carolina State Uni
versity. 

Dr. Richard A. Morris, agronomist, completed a I-yr 
sabbatical leave at IBM de Mexico, S.A. 

Dr. Edwin C. Price, agricultural economist, completed a 
I-yr sabbatical leave at Yale University. 

Dr. Derk HilleRisLambers rejoined the IRRI staff as 
plant breeder, Plant Breeding Department. 

Mr. Edwin A. Tout formerly of the University of 
Arizona joined the Information Services Depart
ment as associate editor. 

Dr. Frank D. Whisler of Mississippi State University 
began a I-yr assignment as visiting scientist, 
Multiple Cropping Department. 
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Iowa State UniversityDr. LaRue Pollard of the 
completed a I-yr assignment as visiting science 

editor, Information Services Department. 

Dr. Billy Cochran of Louisiana State University 

completed a I-yr assignment as visiting agricultural 

engineer, Agricultural Engineering Department. 

Dr. Phillip E. Church of USAID/ Bangladesh completed 

a I-yr assignment as visiting associate agricultural 

economist, Agricultural Economics Department. 

August I-yr
Dr. Kwanchai A. Gomez, statistician, completed a 


Institute,
sabbatical leave at the Food Research 


Stanford University. 

Mr. Orlando G.Santos, associate farm superintendent, 


completed a I-yr sabbatical leave at the Bowling 


Green State University. 

Dr. Dennis P. Garrity joined the IRRI staff as associate 

agronomist, International Rice Testing Program 

Department. 
Dr. Amir U. Khan, formerly with the IRRI/PARC 

Collaborative Project in Pakistan, transferred to 

IRRI as consultant on agricultural engineering 

matters, Agricultural Engineering Department. 

Dr. Foster Cady of Cornell University began a I-mo 

assignment as consultant, International Rice 

Testing Program Department. 
Dr. Paul Webster of Wye College began a short-term 

assignment as consultant, Agricultural Engineering 
Department. 

Dr. James S. Townsend resigned as agricultural engineer 

with the IRRI/ Burma Collaborative Project. 

September
Dr. Heinz-Ulrich Neue of the Univerrity of Hamburg 

joined the Soil Chemistry Department as associate 

soil chemist. 
Dr. H. Hibino of the Institute of Plant Virus Research, 

oined the Plant Pathology Department as
Japan, 

plant pathologist. 


Dr. John M.Bonman of The Rockefeller Foundation, 

Thailand, joined the Plant Pathology Departmentas associate plant pathologist, 

Mr. Eugene P. Hettel of Iowa State University began a 

visiting associate editor, In
asI-yr assignment 

formation Services Department. 

Dr. Tsugufumi Ogawa of the Tropical Agricultural 

Research Center began a 2-yr assignment as visiting 

scientist, Plant Breeding Department. 

of Tropical AgriculturalDr. 	Tsuyoshi Yamamoto 
Research Center began a 2-yr assignment as visiting 

scientist, Plant Pathology Department, and 3-to 

5-mo assignments in Japan. 

Dr. Foster Cady of Cornell University completed a I-mo 

assignment as consultant, International Rice Testing 

Program Department. 
Dr. Paul Webster of Wye College completed a short

as consultant, Agricultural En
term assignment 
gineering Department. 

October 
Mr. Marvin M. Parker of USAID-Manila joined the 

IRRI staff as agricultural engineer, IRRI/Egypt 

Rice Project. 
Mr. Vernon E. Ross resigned as rice production specia

list, IRRI/Egypt Rice Project.
 

Dr. Leo D. Haws resigned as crop production specialist. 
as agronomist to

Dr. Johnny W. Pendleton resigned 


return to the University of Wisconsin, Madison.
 

November 
Dr. Danny R. Minnick, formerly professor of entom

ology, University of Florida,joined IRRI as training 

specialist, Rice Production Training and Research. 

Dr. 	Jagdish K. Ladha, former postdoctoral fellow, 

joined the Soil Microbiology Department as asso

ciate soil microbiologist. 
Mr. Marvin L.Nafziger, associate agricultural engineer,uto 31gMar,en siateMr.tMarvin 

left for an extended sick leave up to 31 Mar 1983. 

December 
Murphy, director for administration,Mr. Hugh T. 

at Harvard ,. 6-mo sabbatical leavecompleted
University. 

Dr. Robert E. Huke, professor of geography, Dart

mouth College, began a 3-mo assignment as visiting 

scientist. 

Dr. Neil C. Turner, principal research scientist of 

a 6-mo assignment as
CSIRO, Australia, began 
visiting scientist, Agronomy Department. 

Dr. S. K.W. Jayasuriya resigned as associate agriculturaleconomist to join the Australian National Univer
sity. 
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Crop weather 
The 1982 weather at IRRI, Los Bafios (140 19'N; 
1211 15'E), was characterized by a short 3-mo WS 

(July-September), which was preceded by below-

normal rainfall in May and June and followed by 
below-normal rainfall in October and November 
(Table 1). The total rainfall was 1,479 mm - 560 
mm below the normal. Rainfall was recorded on 

188 d; an extreme 24-h rainfall occurred on 8 Sep 

(116 mm) and 9 Sep (162 mm). 
The maximum temperatures at the wetland site 

ranged from 27.10 C in January to 33.01 C in May 
and June (Table 2). Those at the dryland site were 

about 2°C higher during the DS (January-June). 
The minimum temperatures at the wetland site 
ranged from 21.0 C in January to 24.2 C in May; 
those at the dryland site were about 10C lower 

during the DS. 
Vapor pressure deficits at noon were highest in 

May and June (21.6 mbar in the wetland and 26.3 
rnbar in the dryland) and lowest in January in the 
wetland (12.2 mbar) and in December in the 
dryland (14.1 mbar). 

Total radiation fluctuated from an average 320 
cal/cm2 per day) in January to 475 cal/m 2 per day 
in March. During the short WS, radiation values 
dropped to 350 cal/cm 2 per day with extreme low 

values during the first 10 d of September (210 
cal/cm 2 per day). 

Wind speed was reasonably constant throughout 
the year, although slightly higher during the first 

part of the DS. In the dryland, the average annual 
wind speed was 1.9 m/s; in the wetland, 1.4 m/s. 

Evaporation rates, related to the combined 
effects of radiation, air temperature, vapor pressure 
deficit, and wind speed, were lowest in November 
and December (107 mm/mo in the wetland and 
114 mm/mo in the dryland) and highest from 
March through June averaging 162 mm/mo in the 
wetland and 197 mm/mo in the dryland. The 

annual evaporation was about 250 mm higher in 

the dryland. 
Twenty-one tropical disturbances were recorded 

within the Philippines' area of responsibility. Most 

of them did not affect the IRRI farm, although on 
10 occasions warning signals were hoisted over the 
southern Tagalog provinces. Tropical storm Emang 
(12-16 Jul) caused heavy rainfall (over 140 mm in 2 

d). Typhoon Ruping (5-11 Sep) crossed 60 km 
south of IRRI and brought more than 270 mm 
rainfall in 2 d with a maximum intensity of 50 mm 
in 2 h on 9 Sep. 

Table 1. Rainfall, total radiation, and sunshine duration. IRRI, 1982. 

Jan Fob Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann. 

16 15 24 40 51 85 345 205 444 55 78 121 1479Rainfall (mm) 
19 30 34 194 243 262 272 264 238 272 170 204025-yrav (mm) 41 

Sunshine (h) 5.7 6.0 8.1 7.8 6.9 6.2 3.6 3.6 3A 5.8 5.8 4.9 

Radiation (cal/cm2 per day) 320 365 475 455 430 400 330 365 325 370 335 300 
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Table 2. Monthly weather data at the wetland and dryland sites. IRRI, 1982. 
0r-
 Dec Anh.NovSep OctJul Aug

Apr May Jun 
Jan Feb Mar 

'0 	
Wetland site 

303 30.0 29A30.8 30.233.0 33.0 30.630.3 31.8 	 23.127.1 28.2 	 23.3 23.2Max temp (OC) 	 24.1 23.7 23.6 23A23.5 24.221.0 21.3 22A 	 64 66 64
Min temp (OC) 	 57 65 67 70 

65 60 59 57 	 14A 14.7
Min relative humidity (%) 	 66 15A 14.7 12.9 15A

21.6 21.6
122 13.4 17.3 19.3 

Max vapor pressure deficit 
1.2 1.3 1.4(mbar)	 1.5 1.6 1.4 1.3

1.3 1.21.7 1.6 1.7 	 127 107 108 1605 
Wind speed (m/s) 	 154 135 134 114 

116 114 172 158 166 Dryland site
Evaporation (mm) 

30A 31.3 30.1 29.6
31.0O 31.0D34.5 34.2 	 23.0 22.7

29A 30.9 33A 33.8 	 23.2 23.1 23.1 23.0 
Max temp (00) 	 23.6 23.6

20A 20.6 21.6 22.7 	 59 65 66
Min temp (°C) 	 52 55 68 67 

50 53 	 14.1
Min relative humidity (%) 	 60 57 51 

25. 15.3 14A 14.1 18.7 14.9 
16A 19.2 25.7 24.7 263 

Max vapor pressure deficit 
1. 1.6 1.5 1.7(mbar)	 2.1 1.81.8 2.12.2 1.7 	 1855

Wind speed (m/s) 2.3 2.2 	 132 139 118 142 114 114 
192 178223 196152 155Evaporation (mm) 


